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Pruedence Hughes

Editorial
“Research is formalized curiosity. It is poking and prying with a purpose.”
Some eighty years later, Zora Neale Hurston’s words still resonate with the ethos of scholastic
investigation. Engaged academia is research with intention; rigorous scholarship serves the
universal ambition of societal betterment. Creating and sharing new knowledge enriches our
lives, illuminates new paths forward, and sponsors an informed and intelligent tomorrow.
But building a learned and considerate future requires proactivity, and its development begins
with our future thinkers and scholars. Exposing adolescents to the tenets of good research,
substantiated claims, and bias-checking is paramount in a time of bleeding headlines and
pernicious social media algorithms. This education starts with including youth in scholarly
discourse. This journal hopes to further that cause. Drawing contributions from secondaryschool students across the world, The Young Researcher adds new voices to the ongoing
academic conversation.
Alongside youth engagement, this journal has another objective. The Young Researcher values
intellectual pluralism: no fields of study are excluded from publication. While discipline-specific journals can capitalize on their specializations, we believe that interconnection between
areas of expertise promotes academic fluency: the work you’ll find in The Young Researcher
represents a fulsome variety of academic subjects, methodologies, and evidence-based inquiries.
Our goal is to share this work. Staunchly committed to these ideals, The Young Researcher will
continue to platform peer-reviewed, reputable research to aid others in their quests for truth
and knowledge. We will always fight to make our work accessible.
The rest is up to you.

The Editors
Charlie Botterell
Jacob Buchan

Thomas Jackman Kuwabara
Lucas Livingston
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ADULTS AND TEENAGERS IN THE PRISONER’S DILEMMA

Decision-Making and Rationality:
Adults and Teenagers in the Prisoner’s Dilemma
Kiana Kazemi
Human decision-making is largely analyzed by the field of behavioral game theory; however, little
research has been done to compare adults’ and teenagers’ decision-making in game theory scenarios. A comparison of the two age groups could help future researchers better understand changes
in decision-making with age. To do so, 146 participants (101 adults, 45 teenagers) from X County
were surveyed on what their decision would be in the Prisoner’s Dilemma and how much certain
decision-making factors influenced their decision. Results showed that there is no significant relationship between age group and rational decision making. Additionally, it was found that “fairness”
guided adult decision-making the most while “trust” guided teenage decision-making the most.
Such results point towards little to no difference between adults’ and teenagers’ rationality, but it is
clear that the two age groups are guided by different decision-making factors within the Prisoner’s
Dilemma.
Keywords: prisoner’s dilemma, behavioral game theory, adult decision-making, teenage decisionmaking, rationality, decision-making factors

rationality and decision making between adults (ages
18 and above) and teenagers (ages 13 to 17).

I. Literature Review
and Introduction

The Basics of Game Theory

Introduction

A Further Understanding of Behavioral
Game Theory

Game theory, the study of the behavior of decisionmakers and the outcomes of those decisions (Aumann,
2008), has proven to be extremely useful in fields such
as economy, warfare, and psychology. Certain branches of game theory often dive into different aspects of
the games that are often played by two players. In recent decades, behavioral game theory, which describes
actual human behavior by using empirical observation
(Camerer, 1997), has become of interest for researchers
who hope to use it as a key point of synthesis between
game theory and cognitive science (Camerer, 2003).
This paper aims to help further implement behavioral
game theory in order to understand the differences in

When discussing behavioral game theory, there is
an emphasis on describing the actual behavior of players through empirical observation (Camerer, 1997).
Overarching game theory commonly uses mathematical principles with highly rational players, however, behavioral game theory focuses on how human
beings, who are not often rational, behave in different strategic situations (Gächter, 2004). Research on
this branch of game theory continues to help narrow
down the limits of the rationality of human beings
(Camerer & Ho, 2015).
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Game Theory Games

comes to decision making can further help in understanding their behavior and decision-making process
in game theory.

Within behavioral game theory, the Prisoner’s Dilemma, Traveler’s Dilemma, and the Dictator Game
(see Appendix A for each) best represent some of the
concepts that will be discussed in this study and that
are key to behavioral game theory. The Prisoner’s Dilemma, used in this study, where two players are offered two options (each with incentives), highlights
issues of self-interest and rationality. Pairs who act
on rational self-interest could end up worse off than
a group who acts contrary to rational self-interest
(Kuhn, 2019). This game highlights key principles
rooted in behavior that are carefully studied as players attempt to use logic, strategy, and self-interest to
make decisions.

Adult Decision-Making
While adults can experience a cognitive decline in
decision-making (Dietrich, 2010), aging grants the
ability to use experience and wisdom that a younger
person may not have yet acquired. Additionally, adults
tend to use an organized form of thinking called model-based decision making, where they can weigh risks
and benefits and better consider the factors in play in
a decision (Worthy et al., 2011). These factors often
include the impact the decision can have on the future
and basic moral reasoning (Steinberg & Cauffman,
1996). With these ideas in mind, decision-making
tendencies in adults during a game theory game can
be more justified and studied.

Decision Making Within Game Theory
The use of game theory with regard to decision
making has become more appealing to researchers in
recent years and can advance “the predictive accuracy
of [behavioral] theoretical models” and knowledge on
social decision making (Sanfey, 2007). To help better
understand decision making, researchers have looked
at the influential factors that lead a player to choose a
certain option. Altruism, fairness, and even knowing
the trustworthiness and social background of the opposing player can have a large impact on the rationality of participants (Van’t Wout & Sanfey, 2008). This
increased understanding of factors and changes in
decision-making during game theory games can help
with future advancements in the study of human behavior and strategic thinking.

A Comparative Perspective
The differences in the decision-making of adults
and adolescents should be noted. Adults tend to seek
out advice and consider decisions for longer than adolescents (Halpern-Felsher & Cauffman, 2001), and
when a decision capitalizes on emotions or experience, older adults tend to better assess a situation and
make a proper choice (Bruine de Bruin et al., 2014).
Additionally, adults regularly use less effortful strategies and tend to want to satisfy the decision rather
than maximize it (Bruine de Bruin, 2016). This difference in approach to decisions between adults and
teenagers should be largely highlighted in the context
of behavioral game theory.

The Decision-Making Process

Behavior and Decision Making in
Game Theory Games

Teenage and Adolescent Decision Making
Studies show that by the age of 15, children more
carefully consider a course of action and the benefits
and risks of the options that are provided to them
(Mann et al., 1989). An adolescent’s decisions are often influenced by the desire for sensation, their feelings on responsibility, their temperaments, and independence (Steinberg & Cauffman, 1996). Considering
these factors and a teenager’s competence when it

Adolescents
The willingness of children to cooperate with an opposing player during a game and to be moral in their
decision making is often guided by trust and theory of
mind (Gummerum et al., 2008), which is the ability
to understand someone else’s motives and use empa-
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Justifications

thy (Dictionary, 2020). They evaluate theory of mind
so they can win in a fair manner (Fan, 2000). Using
trust and theory of mind is an indication that a person
guides the decision-making process by emotions over
rationality. One study shows that in younger children,
emotions (such as guilt) and morality guide the way
they allocate resources in the Dictator Game (Gummerum et al., 2010). This brings into question how rationally children approach decisions and what weight
their emotions and views on morality truly have on
their decision-making process.

Justification for a Comparative Study on
Decision-Making Processes
While there has been research conducted individually on adults (Boone et al., 1999; Camerer, 2011) and
younger adolescents (Fan, 2000; Gummerum et al.,
2008), a study that effectively contrasts adults and
teenagers by looking into the differences in their decision-making process, decisions, and what influenced
those decisions can help further understanding in behavioral game theory in humans and can be applied to
the real world (Sanfey, 2007).

Adults
While there has been significant research done on
adolescent behavior in game theory, the same cannot be said about older adults. Previous research with
adults shows that those who are cooperative can predict the opposing player’s decisions, and after communication, players are less likely to exploit their partner
for their own benefit (Brosig, 2002). Furthermore,
studies show that adults work for compromise instead
in game theory scenarios (Camerer, 2011). Keeping
track of the discussed cooperative, competitive, and
fair behaviors during this study will help further clarify the motives and factors that adults consider in their
decision-making during game theory games.

Justification for a Comparative Study on
Accuracy
This study will also focus on the difference in accuracy (see Appendix A) between adults and teenagers. By comparing the average accuracy of the two
age groups, there can be inferences drawn about the
development of strategic thinking in different age
groups and whether or not there is a certain point in
age where players become more or less apt to choose
the best option for themselves.

Research Question

Assumptions

These ideas from previous research and justifications for new research leads to this study’s question:
How do X County adults and teenagers compare when
it comes to the accuracy of solving the Prisoner’s Dilemma and the significance of certain psychological
factors in decision-making during the Prisoner’s Dilemma?

As in much previous research, the Prisoner’s Dilemma will be utilized for the study of the behavior
and decision-making of adolescents and adults (Fan,
2000; Boone et al., 1999; Brosig, 2002; Camerer, 2011).
This leads to the assumption that there are clear factors that influence the behavior and decision-making
of both adolescents and adults while they are playing
against an opponent in a game. These factors include
age (Halpern-Felsher & Cauffman, 2001; Bruine de
Bruin et al., 2014; Camerer, 2011), theory of mind
(Gummerum et al., 2008; Fan, 2000), perception of
fairness (Van’t Wout & Sanfey, 2008; Fan, 2000), and
trust (Van’t Wout & Sanfey, 2008). These factors and
others will be further studied in this paper.

II. Methodology
The researcher determined three main goals for this
study and one sub-goal. The three main goals were: 1)
to investigate the difference between adults’ and teens’
accuracy (and thus, rationality); 2) the difference between their most and least significant factors during
decision-making; and 3) the difference between each
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age group’s individual factor significance ratings in the
Prisoner’s Dilemma. The impact of previous exposure
to the game on participant accuracy was also of interest.
Three methods were initially considered for data
collection. The first method was using focus groups.
Chinn Fan used a large group of young children to
study their behavior in the Prisoner’s Dilemma game
back in 2000 by breaking up the participants into focus groups (Fan, 2000). In addition, Colin Camerer
has used focus groups with adults to pay attention to
behavior during gameplay and to get immediate responses and feedback from participants (Camerer,
2011). However, this method was not chosen due
to two reasons. The first was the risk of COVID-19
transmission and restrictions. The second was the potential lack of interest from the large population that
was being studied. It was recognized that there was
no need to be in direct contact with participants unlike other studies have done in the past (Fan, 2000;
Camerer 2011).
Another method that was considered was interviews over a video conferencing platform which has
not been done in previous studies. However, this was
rejected due to it not being feasible for participants
due to it potentially being tiresome and not intriguing
to a large population.
Instead, the researcher proceeded with an embedded research design, featuring a focus on quantitative responses, by conducting a survey. Surveys have
not been commonly used within the field, meaning it
was not the ideal data collection method. However, a
survey would allow the researcher to properly gain responses on quantitative questions. In order to ensure
that there would be quality maintained in a few qualitative responses, participants were asked if they would
be willing to participate in interviews if asked.
This combination of research design and data collection method allowed the researcher to be able to
have a large number of participants from the target
population play the game. In addition, it would help
collect proper data to address the research question
altogether without risking COVID-19 transmission.

cedure for the study. The aforementioned data in this
study was collected through a survey on the platform,
Google Forms (see Appendix B). This method was
both efficient, participant-friendly, and low-risk. Initially, the survey (which had a universal link) was distributed through text messages, emails, and acquaintances. A large number of people were asked to take
the survey and were offered a chance at a $25 Amazon
gift card as compensation. All survey responses were
anonymous and were kept in a private Google Drive
folder that only the researcher and project director
had access to.
Participants who were asked to consent to completing the survey. If the participant was below the age of
18, they were asked to complete an informed consent
section where they could receive approval from a
guardian in order to participate in the study in order
to comply with IRB guidelines.
Participants were then asked their age (in years) to
help divide participants into the proper age groups for
further data analysis. The lower bound for ages was 13
years old and there was no defined upper bound for
ages, only 65+ years old.
Participants then read a rendition of the Prisoner’s
Dilemma (see Appendix B). Participants were not
told that they were playing a game theory game or the
name of the game in order to keep them from looking
up the “correct” answer (though they were later debriefed on this). After participants read the scenario,
they were asked to state how they would proceed in
the game, meaning, whether they would “confess” or
“remain silent.”
Then they were asked questions on their decisionmaking process. Analysis of these questions is not
featured in this study, however the questions can be
viewed in Appendix B.
Following the decision-making process section of
the survey, participants completed a section on influential factors. In this section, participants were asked
how significant a factor was in their decision on a
scale of 1 to 4 (1= Not a factor at all; 2= A minor factor; 3= A major factor; 4= Significant factor), and then
were asked to elaborate on their rating. These factors
included: “Maintaining a fair game,” “Wellbeing of the
other player,” “Your own wellbeing,” “Trust in the other player,” “Being better off than the other player,” and
“Difference between the jail time of each outcome.” At
the end, they were asked which factor was most sig-

Study Procedure
Following full approval by the X High School IRB,
the researcher drafted the following step-by-step pro-
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nificant in their final decision and which was the least
significant in their final decision.
At the end of the survey, participants were asked
for an email address if they wished to participate in a
follow-up interview. Follow up interviews did not take
place because the researcher determined that there
was a better focus on quantitative responses rather
than qualitative responses.
Participants were debriefed in order to comply with
IRB guidelines to end the survey. They were then told
that this study was also to help determine participant
accuracy in the Prisoner’s Dilemma, information that
was previously withheld from the participants. Finally, participants were offered the link to the survey to
share the survey with others in order for the study to
gain more responses.
This procedure began January 11th, 2021, and ended February 19th, 2021, giving approximately 4 weeks
for data collection to take place.

ods. This included direct text messages, emails to
school districts, posts on social media platforms, and
outreach through clubs and organizations.

Results
The research question was broken down into the
following sub-questions prior to the period of data
collection:
Age Groups: Is there a difference between the accuracy (and thus, rationality) of the two age groups?
Previous Exposure: How did the accuracy of participants who have had exposure to the Prisoner’s Dilemma compare to that of those who did not?
Significant Factors: Which factor(s) was most and
least significant in the decision-making process of the
participants, and how does that compare between the
two age groups? And, how do the different factors
rank in significance among each other and between
each age group?

Study Population

III. Findings

Participants in this study included teenagers and
adults in X County. Of the 306 survey responses, 146
were complete and usable. The sample included 45
teenagers and 101 adults. This sample was used in the
study because the age groups were in the target population, and the location allowed for a greater reach for
participants.
Participants were recruited through multiple meth-

Demographic Information
Table 1 indicates the overall demographics of all
146 survey respondents. Teenagers were 13 to 17 years
old while adults were 18 years old and older.

Table 1
Overall Demographics and Responses of Survey Respondents
Age Group

Confessed

Remained Silent

Exposed

Non-Exposed

Teenagers

18

27

21

24

Adults

33

68

38

62

Note. n = 146. n(adults) = 101. n(teenagers) = 45. One adult respondent did not
indicate whether they were exposed or not.
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Table 2
Expected Frequencies for All Adults vs. Teenagers
Age group
Decision

Teenagers

Adults

Total

Chose to remain silent

29.28

65.72

95

Chose to confess

15.72

35.28

51

Total
45
101
146
Note. n(adults) = 101. n(teenagers) = 45. Expected frequencies were calculated by the following
formula: ((# in age group)*(# of all who chose the decision)) / (total sample size of 146). Ex. for
Teens who Remained Silent: ((45)*(95))/(146) = 29.28.

Accuracy

After running the test, it was found that there was
no significant difference in accuracy between the two
age groups due to a p-value of .39137 (see Table 3).
Another chi-square test, excluding those who have
been exposed to the Prisoner’s Dilemma before, was
deemed not significant. The observed frequencies
were once again obtained from Table 1, and Table 4
shows the expected frequencies for the non-exposed
participant data. However, the statistics show that the
p-value of .07893 and alpha level of .05 were very close
(See Table 5).

To understand whether accuracy had any relation
to age group, a chi-square test for independence was
run. The null hypothesis was that there is no significant difference in accuracy between teenagers and
adults. The alternative hypothesis was that there was
a significant difference in accuracy between teenagers
and adults. This was run at an alpha level of .05.
fe represents the expected frequencies of the data,
which were calculated and are shown in Table 2, and
fo represents the observed frequencies of the data,
which were obtained from Table 1.
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Table 3
Chi-Squared Test for Independence for All Adults vs. Teenagers
[(fe-fo)2]

Group

fe-fo

(fe-fo)

Teenagers, Silent

(29.28-27)

(29.28-27)

Teenagers, Confessed

(15.72-18)

(15.72-18)

Adults, Silent

(65.72-68)

(65.72-68)2

Adults, Confessed

(35.28-33)

(35.28-33)

p-value

Chi-square
statistic

.39137

.73467

2

fe
[(29.28-27)2]

2

29.28
[(15.72-18)2]

2

15.72
[(65.72-68)2]
65.72
[(35.28-33)2]

2

35.28

Result
0.1775
0.330
0.079

0.1473

Note. X2 (1, N = 146) = .73467, p = .39137. Alpha level: .05.
Table 4
Expected Frequencies for Non-Exposed Adults vs. Teenagers
Age group
Decision

Teenagers

Adults

Total

Chose to remain silent

18.14

46.86

65

Chose to confess

5.86

15.14

21

Total

24

62

86

Note. n(adults) = 62. n(teenagers) = 24. Expected frequencies were calculated by the following
formula: ((# in non-exposed in age group)*(# of non-exposed who chose the decision)) / (total
non-exposed sample size of 86). Ex. for Non-Exposed Teens who Remained Silent: ((24)*(65))/
(86) = 18.14.
10
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Table 5
Chi-Squared Test for Independence for Non-Exposed Adults vs. Teenagers
Group

fe-fo

(fe-fo)2

Teenagers, Silent

(18.14-15)

(18.14-15)2

Teenagers, Confessed

(5.86-9)

(5.86-9)2

Adults, Silent

(46.86-50)

(46.86-50)2

Adults, Confessed

(15.14-12)

(15.14-12)2

p-value

Chi-square
statistic

.07893

3.0876

[(fe-fo)2]
fe
[(18.14-15)2]
18.14
[(5.86-9)2]
5.86
[(46.86-50)2]
46.86
[(15.14-12)2]
15.14

Note. X2 (1, N = 86) = 3.0876, p = .07893. Alpha level: .05.
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Result
0.5435
1.6825
0.2104
0.6512
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Time to Make a Decision
Participants were also asked how long they spent
making their decision. Figures 1 and 2 show the distribution of relative frequencies of time taken for
teenagers and adults to make their decision. The majority of teenagers, 82.2%, took between 1 second to 1
minute to make their choice (Figure 1), and there is a
stronger relative frequency of adults, 13.9%, who took
2 to 3 minutes, than teenagers (Figure 2).

Figure 1
Relative Frequencies for Amount of Time Taken to Make Decision for Teenagers

Note. n = 45.
12
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Figure 2
Relative Frequencies for Amount of Time Taken to Make Decision for Adults

Note. n = 101.
13
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Significant Factors
Participants were asked to rate, on a Likert scale
(1= Not a factor at all, 4 = Significant factor), how
much a specific factor impacted their decision. Factors included “Maintaining a fair game,” “Wellbeing
of the other player,” “Your own wellbeing,” “Trust
in the other player,” “Being better off than the other
player,” and “Difference between the jail time of each
outcome.”

In terms of fairness, the average rating was 2.71 for
teenage respondents, indicating fairness was a somewhat significant factor in their decision-making (see
Figure 3). For adult respondents, the average rating
was a 2.89 (see Figure 4). However, unlike the teenage
respondents, there is greater skew towards higher significance ratings among adults (see Figures 3 and 4).

Figure 3

Figure 4

Significance of Fairness: Relative Frequencies
vs. Factor Rating of Teenagers

Significance of Fairness: Relative Frequencies
vs. Factor Rating of Adults

Note. n = 101. Average of 2.89.

Note. n = 45. Average of 2.71.
Figure 5

Figure 6

Significance of Other Player’s Wellbeing: Relative
Frequencies vs. Factor Rating of Teenagers

Significance of Other Player’s Wellbeing: Relative
Frequencies vs. Factor Rating of Adults

Note. n = 45. Average of 2.33.

Note. n = 100. Average of 2.71.
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Figure 5 indicates the relative frequencies of significance ratings of other player’s wellbeing for teenagers, and Figure 6 shows the same for adults. Teenagers more often rated other player’s wellbeing as being
less impactful (2.33). Adults rated this factor higher
(2.71).

Figure 7 shows the relative frequencies of significance ratings of self-wellbeing of teenagers and Figure
8 shows the same for adults. Teenage respondents had
a very similar average rating as adults, 3.4 and 3.28
respectively. Frequencies of 4’s and 5’s combined for
each age group are also very similar.

Figure 7

Figure 8

Significance of Self Wellbeing: Relative
Frequencies vs. Factor Rating of Teenagers

Significance of Self Wellbeing: Relative
Frequencies vs. Factor Rating of Adults

Note. n = 45. Average of 3.4.

Note. n = 101. Average of 3.28.

15

ADULTS AND TEENAGERS IN THE PRISONER’S DILEMMA
Figure 9 shows the relative frequencies of significance ratings of trust of teenagers, and Figure 10
shows the same for adults. Most respondents from
both the adult (2.81) and teenager (2.84) groups reported trust in the other player as the most significant
factor (see Figures 9 and 10).

Figure 11 shows the relative frequencies of significance ratings of the desire to be better off from teenagers,
and Figure 12 shows the same for adults. While a majority on both sides chose the option that being better off
was not a factor at all in their decision making (adult =
1.77, teenagers = 1.93), it is interesting to note that Significance Ratings of 2’s-4’s of teenagers were much more
evenly distributed than the skew that can be seen in the
Significance Ratings of 2’s-4’s of the adult sample.

Figure 9

Figure 11

Significance of Trust: Relative Frequencies
vs. Factor Rating of Teenagers

Significance of Being Better Off: Relative
Frequencies vs. Factor Rating of Teenagers

Note. n = 45. Average of 2.84.

Note. n = 45. Average of 1.93.

Figure 10

Figure 12

Significance of Trust: Relative Frequencies
vs. Factor Rating of Adults

Significance of Being Better Off: Relative
Frequencies vs. Factor Rating of Adults

Note. n = 101. Average of 2.81.

Note. n = 101. Average of 1.77.

16

ADULTS AND TEENAGERS IN THE PRISONER’S DILEMMA
Figure 13 shows the relative frequencies of significance ratings of the difference in jail time of teenagers,
and Figure 14 shows the same for adults. This factor
had by far the greatest differences in averages, with
teenagers having an average of 3.44, and adults having
much lower average of 2.91. This can be seen in the
graphs as well: teenagers had a much further skewed
graph towards a high rating of 4, while adults had a
more even distribution. It’s clear a majority of both
age groups considered difference in jail time a significant or most significant factor, but teenagers felt more
strongly about the factor.

Figure 13

Figure 14

Significance of Difference in Jail Time: Relative
Frequencies vs. Factor Rating of Teenagers

Significance of Difference in Jail Time: Relative
Frequencies vs. Factor Rating of Adults

Note. n = 45. Average of 3.44.

Note. n = 101. Average of 2.91.
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Figure 15 shows the relative frequencies of the
most significant factors of teens in blue and adults
in red. It’s clear from the graph that “Trust in the
other player” and “Difference between the jail time
of each outcome” were the most significant to teenagers (28.9%) compared to adults (18.8% and 23.8%,
respectively). On the other hand, “Maintaining a fair
game” was much more significant for adults (29.7%)
than for teenagers (13.3%).
A chi-square test for independence was also run for
the most significant factors for adults and teenagers
(excluding write-in responses). The null hypothesis
was that there is no significant difference in the most
significant factor between teenagers and adults. The
alternative hypothesis was that there was a significant
difference in the most significant factor between teen-

agers and adults. This was run at an alpha level of .05.
fe represents the expected frequencies of the data,
which were calculated and are shown Table 7, and fo
represents the observed frequencies of the data, which
are shown in Table 6.
After running the test, it was found that there was
no significant difference in the most significant factor between the two age groups due to a p-value of
.299706 (see Table 8). This is slightly contrary to what
was found in Figure 15.

Figure 15
Most Significant Factor: Relative Frequencies vs. Most Significant Factor of Adults and Teenagers

Note. n(adults) = 101. n(teenagers) = 45. Blue columns represent teenagers, red columns represent adults.
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Table 6
Observed Frequencies for Most Significant Factors for Adults and Teenagers
Age group
Most Significant Factor

Teenagers

Adults

Total

Difference between the jail time of
each outcome

13

24

37

Trust in the other player

13

19

32

Your own wellbeing

7

16

23

Maintaining a fair game

6

30

36

Being better off than the other
player

1

1

2

Wellbeing of the other player

4

7

11

Total

44

97

141

Note. n(adults) = 97. n(teenagers) = 44. Write-in responses were excluded.
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Table 7
Expected Frequencies for Most Significant Factors for Adults and Teenagers
Age group
Most Significant Factor

Teenagers

Adults

Total

Difference between the jail
time of each outcome

11.55

25.45

37

Trust in the other player

9.99

22.01

32

Your own wellbeing

7.18

15.82

23

Maintaining a fair game

11.23

24.77

36

Being better off than the other
player

0.62

1.38

2

Wellbeing of the other player

3.43

7.57

11

Total

44

97

141

Note. n(adults) = 97. n(teenagers) = 44. Write-in responses were excluded from calculation.
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Table 8
Chi-Squared Test for Independence for Most Significant Factors for Adults vs. Teenagers
[(fe-fo)2]

fe-fo

(fe-fo)2

(11.55-13)

(11.55-13)2

(9.99-13)

(9.99-13)2

Teenagers, Own Wellbeing

(7.18-7)

(7.18-7)2

Teenagers, Fairness

(11.23-6)

(11.23-6)2

(0.62-1)

(0.62-1)

(3.43-4)

(3.43-4)2

(25.45-24)

(25.45-24)2

(22.01-19)

(22.01-19)

(15.82-16)

(15.82-16)2

(24.77-30)

(24.77-30)2

(1.38-1)

(1.38-1)2

Adults, Other Player
Wellbeing

(7.57-7)

(7.57-7)2

p-value

Chi-square
statistic

.2997

6.0676

Group
Teenagers,
Jail Time
Teenagers,
Trust

Teenagers,
Better Off
Teenagers, Other Player
Wellbeing
Adults,
Jail Time
Adults,
Trust
Adults, Own Wellbeing
Adults,
Fairness
Adults,
Better Off

fe
[(11.55-13)2]
11.55
[(9.99-13)2]
9.99
[(7.18-7)2]
7.18
[(11.23-6)2]
11.23
[(0.62-1)2]

2

0.62
[(3.43-4)2]
3.43

2

[(25.45-24)2]
25.45
[(22.01-19)2]
22.01
[(15.82-16)2]
15.82
[(24.77-30)2]
24.77
[(1.38-1)2]
1.38
[(7.57-7)2]
7.57

Note. X2 (5, N = 141) = 6.067568, p = .299706. Alpha level: .05.
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Result
0.1820
0.9069
0.0045
2.4357
0.2329
0.0947
0.0826
0.4116
0.0020
1.5669
0.1046
0.0429
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In terms of least significance, the relative frequency
of being better off is much higher for adults (58%)
than teenagers (42.2%). The relative frequency of
the wellbeing of the other player is much higher for
teenagers (20%) than adults (7%). The other relative
frequencies of other factors tended to be much more
similar (see Figure 16).
Finally, a chi-square test for independence was run
for the least significant factors for adults and teenagers. The null hypothesis was that there is no significant difference in the least significant factor between
teenagers and adults. The alternative hypothesis was
that there was a significant difference in the least significant factor between teenagers and adults. This was
run at an alpha level of .05.
fe represents the expected frequencies of the data,
which were calculated and are shown Table 10, and fo

represents the observed frequencies of the data, which
are shown in Table 9.
After running the test, it was found that there was
no significant difference in the least significant factor between the two age groups due to a p-value of
.183641 (see Ta ble 11). This agrees with the conclusion made from Figure 16.

Figure 16
Least Significant Factor: Relative Frequencies vs. Least Significant Factor of Adults and Teenagers

Note. n(adults) = 100. n(teenagers) = 45. Blue columns represent teenagers, red columns represent adults.
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Table 9
Observed Frequencies for Least Significant Factors for Adults and Teenagers
Age group
Least Significant Factor

Teenagers

Adults

Total

Difference between the jail
time of each outcome

3

6

9

Trust in the other player

4

10

14

Your own wellbeing

1

5

6

Maintaining a fair game

9

14

23

Being better off than the other
player

19

58

77

Wellbeing of the other player

9

7

16

Total

45

100

145

Note. n(adults) = 100. n(teenagers) = 45. One teenage respondent did not choose a least significant factor.
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Table 10
Expected Frequencies for Least Significant Factors for Adults and Teenagers
Age group
Least Significant Factor

Teenagers

Adults

Total

Difference between the jail
time of each outcome

2.79

6.21

9

Trust in the other player

4.34

9.66

14

Your own wellbeing

1.86

4.14

6

Maintaining a fair game

7.14

15.86

23

Being better off than the other
player

23.9

53.1

77

Wellbeing of the other player

4.97

11.03

16

Total

45

100

145

Note. n(adults) = 97. n(teenagers) = 44. One teenage respondent did not choose a
least significant factor and was not included in calculations.

IV. Discussion
This research shows that unlike children and adults,
teenagers and adults have very similar decision-making tendencies. There was no significance in rationality, and only a few factors had significant differences
between the two age groups.
These results can help bring up questions for further research on the difference in decision-making
between adults and teenagers and help dispel misconceptions on teenage rationality.

Accuracy
As established by the chi-squared results, there was
no significant difference between adults and teenagers
(combined and non-exposed only) in their accuracy
in the Prisoner’s Dilemma, meaning there is no signif-

icant difference between their rationalities. Through
these results, the question of whether or not accuracy
varied between adults and teens has been answered.
However, previous research disagrees with these results, stating that adults tend to make better, more
well thought-out decisions than teenagers (Bruine de
Bruin et al., 2014; Worthy et al., 2011). Despite these
previous findings, it is clear that while there may be
evidence that shows adults have the ability to make
more rational decisions, in this study on the Prisoner’s
Dilemma, this is not the case. Teenagers and adults
compare very similarly in terms of accuracy no matter
their previous exposure.

Time for Response
Unlike what previous research suggests (HalpernFelsher & Cauffman, 2001), adults on average did not
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Table 11
Chi-Squared Test for Independence for Least Significant Factors for Adults vs. Teenagers
fe-fo

Group

(fe-fo)2

[(fe-fo)2]

Result

fe
[(2.79-3)2]

Teenagers, Jail Time

(2.79-3)

(2.79-3)2

Teenagers, Trust

(4.34-4)

(4.34-4)2

Teenagers, Own Wellbeing

(1.86-1)

(1.86-1)2

Teenagers, Fairness

(7.14-9)

(7.14-9)2

Teenagers, Better Off

(23.9-19)

(23.9-19)2

Teenagers, Other Player
Wellbeing

(4.97-9)

(4.97-9)2

Adults, Jail Time

(6.21-6)

(6.21-6)2

[(6.21-6)2]
6.21

0.0071

Adults, Trust

(9.66-10)

(9.66-10)2

[(9.66-10)2]
9.66

0.01

Adults, Own Wellbeing

(4.14-5)

(4.14-5)2

[(4.14-5)2]
4.14

0.1786

Adults, Fairness

(15.86-14)

(15.86-14)2

Adults, Better Off

(53.1-58)

(53.1-58)2

Adults, Other Player
Wellbeing

(11.03-7)

(11.03-7)2

p-value

Chi-square
statistic

.1836

2.79
[(4.34-4)2]
4.34
[(1.86-1)2]
1.86
[(7.14-9)2]
7.14
[(23.9-19)2]
23.9
[(4.97-9)2]
4.97

[(15.86-14)2]
15.86
[(53.1-58)2]
53.1
[(11.03-7)2]
11.03

0.0158
0.0266
0.3976
0.4845
1.0046
3.267

0.2181
0.4521
1.4724

7.5374
Note. X (5, N = 145) = 7.537449, p = .183641. Alpha level: .05.
2

spend greater time than teens choosing their decision, and they had very similar relative frequencies
for all time intervals. While this study did not aim to

address the matter of time for a decision to be made,
this can largely affect the final decision made. Within
that time, participants could have doubted their deci-
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sion and decided to change their decision. In fact, a
survey question revealed that 34.5% of all participants
doubted and changed their answer (see Appendix B
for question). Overall, results from this study’s participants refute the idea that adults generally consider
decisions more thoughtfully and for a greater amount
of time.

Fairness
Though both age groups had very similar average
significance ratings, adults tended to consider fairness
to be much more significant in their decision-making
than teens (see Figures 3 and 4). Previous research
does indicate that fairness can have a significant impact on whether or not players will cooperate during
the Prisoner’s Dilemma (Van’t Wout & Sanfey, 2008),
and that older teens and adults tend to aim for more
strict equality and compromise, respectively (Camerer, 2011). Additionally, research does indicate that
theory of mind tends to be a significant factor for
children in the Prisoner’s Dilemma (Fan, 2000), and
this can hold true for teenagers as well. While the significance of fairness showed no statistically significant
difference between adults and teenagers, it was still a
somewhat significant factor in both age groups overall.

Altruism (Other Player’s Wellbeing)
When it came to the other player’s wellbeing, and
hence, altruism, adults tended to be more altruistically guided in their decision-making than teenagers.
Studies with children have indicated that altruism did
tend to be a significant factor in a child’s decisionmaking (Van’t Wout & Sanfey, 2008). However, it cannot be concluded that this is fully applicable to teenagers and adults as well. Unfortunately, altruism has not
been commonly studied in the Prisoner’s Dilemma
with teens and adults. Despite this, data in this study
indicate that adults may be more altruistically guided
than teenagers.

cance ratings between age groups. Therefore, understanding self-preservation is key to understanding
decision-making among teens and adults. Research
affirms that decision-making is strongly guided by
self-interest in early childhood, however, this hasn’t
been concluded for older ages (Camerer, 2011). While
research did not uncover that self-interest may be a
leading factor in decision-making in later ages, this
data demonstrates that self-wellbeing is strongly considered by both age groups in game theory.

Trust
Trust was by far the most similar factor between
both age groups and somewhat significant. This significance of trust has tended to be a key concept in decision-making, in both the fields of behavioral game
theory and psychology. Research indicates that trust
can indeed be a guiding factor in decision-making
for young children (Gummerum et al., 2008), though,
there has been little research done on the significance
of trust for adults and older teenagers in behavioral
game theory. Nonetheless, this study indicates that
adults and teenagers are both guided by trust in their
decision-making to very similar extents.

Being Better Off
Adults and teenagers did not consider being better
off than the other player or deem it very significant
in their decision-making. This does question whether
the desire to be “better off,” and therefore competitive against another person is ever truly significant in
decision-making. There has not been much discussion within the field of behavioral game theory on
how much adults, children, or teenagers care for being
better off than another player or being competitive in
a game such as the Prisoner’s Dilemma. While there
may be a greater difference in the significance of this
factor among children and adults, this study concludes
that being better off was not a very significant factor in
decision-making for either adults or teenagers.

Self-Preservation (Your Own Wellbeing)
Self-preservation was one of the most significant
decision-making factors among teenagers and adults,
with no statistically significant difference in signifi-

Jail Time
Jail time was a very significant factor for both age
groups; however, it should be noted that it may be
more significant for teenagers than adults. Unfortu-
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nately, there has been minimal research previously
conducted on both age groups on the significance of
jail time. This factor was added into this study because
it is important to note that a great deal of decisionmaking can depend on the future outcomes of the
decision and the extent of the consequences and benefits. While previous research shows that teenagers
and adults are competent enough in weighing benefits
and risks of their decisions (Mann et al., 1989; Worthy
et al., 2011), there has not been much research done
on the matter of the significance and consideration of
outcome differences in decision-making in the Prisoner’s Dilemma. Nonetheless, it is evident in prior
research and this study that final outcomes and the aftermath of a scenario are well deliberated by both age
groups. However, this study’s data does indicate that
teenagers were guided by outcomes in their decisionmaking to a greater extent than adults.

relative frequencies (excluding the factor of altruism
for teenagers). While there has been no previous research conducted on least significant factors, it was
included in this study as it may help eliminate factors
that future research may want to study. Nonetheless,
it can reasonably be said that teenagers within this
study tended to be guided in their decision-making
by their trust in another person and jail time (or consequences), while adults tend to be guided in their
decision-making more often by the concept of fairness. The insignificant chi-square result for the most
significant factors (Table 8) does prompt for more future research to be done on those factors with those
age groups, however.

V. Conclusions

Most and Least Significant Factors

Limitations

Fairness tended to be one of the most significant
guiding factors in decision making for adults, while
trust and jail time were the most significant guiding
factors in decision making for teenagers. On the other
hand, being better off than the other player was rated
as one of the least significant factors in decision making for both age groups, indicating that competitiveness was not a driving factor in participants. This can
all be seen from the relative frequencies of each chart
(Figures 15 and 16). However, while the chi-square
test in Table 11 does affirm the conclusion made for
the least significant factors of both age groups, the
same cannot be said about the most significant factors. The chi-square test results in Table 8 for the most
significant factors indicate no significant difference
in the most significant factor between the two age
groups. Despite there being no significant difference
in the most significant factors, it can still be acknowledged that this study’s sample size had strong frequencies of participants whose decision-making was
guided by trust, difference in jail time, and fairness.
Additionally, previous research highlights fairness, altruism, and trust in both adults and children
as significant in decision-making (Gummerum et al.,
2008; Fan, 2000; Van’t Wout & Sanfey, 2008). Those
factors can be found as the most significant factors
among participants of this study as well based on the

This study was conducted through a Google Forms
survey. Unfortunately, few to no studies in the field of
behavioral game theory and the Prisoner’s Dilemma
have been conducted using a remote survey format. If
there were no restrictions due to COVID-19, it would
have been more desirable to hold focus groups with
a few participants and have them play the Prisoner’s
Dilemma in real time against another participant.
This would make the game seem more realistic to participants, and it would allow for the researcher to gain
direct qualitative responses to help strengthen reasoning behind participants’ quantitative results.
Additionally, the total sample size of this study was
n=146. This is much less than the target sample size
of 700 participants. This does make the data slightly
less reliable and less representative of the population
in X County. However, measures were taken to distribute the survey to the greatest extent possible (see
Methodology). In the future, it would be recommended to use these same methods within a longer time
period. In the end, this study did have to make use
of snowball sampling by asking participants to share
the survey with others who could qualify to take part
in it. This limited the randomness of the sample size,
and most importantly, the variety of backgrounds of
participants. It is recommended in the future that a
larger variety of people, groups, and organizations be

27

ADULTS AND TEENAGERS IN THE PRISONER’S DILEMMA
targeted and contacted in order to gain a more random sample to better justify data results.

Conclusion
When it comes to the difference in accuracy, and
hence rationality, between adults and teenagers who
partake in the Prisoner’s Dilemma, there is none.
The chi-square statistic showed that there was no
significance in the data that was obtained from the
participants. However, on the matter of the difference
between adults and teenagers for the most and least
significant factor, two things can be stated. Based on
the relative frequencies of both groups, adults felt fairness guided their decision-making the most strongly
while teenagers felt that trust and jail time did. The
“most significant factors” chi-square test did slightly
refute this, however, and prompts for more research
on these certain factors. On the other hand, a majority of both adults and teenagers felt that being better
off was the least significant factor that guided their
decision-making based on both the relative frequencies and the “least significant factors” chi-square test.
This poses two significant implications for the field
of behavioral game theory and cognitive science. First,
teenagers, ages 13 to 17, do not have significant differences in rationality than that of adults, ages 18 and
up, have. For this reason, their decision-making can
be regarded as much more similar to adults than that
of children, ages 12 and under. However, teenagers
and adults are driven to make the same choices due to
different core decision-making factors in game theory
situations. This can be due to a variety of both internal
and external factors based on age groups and should
be further researched in regard to cognitive science.
Future Directions
There are some paths in this research topic that
should be uncovered further. For example, future
research should ask participants questions regarding
their socioeconomic background and, potentially,
their childhood background as these questions were
not included in this study’s survey. This data can potentially uncover why certain factors were either more
or less significant to some participants and not others. Furthermore, it is highly recommended that any
future research involving game theory games and un-

derstanding decision-making factor significance be
done in a non-remote survey format. A survey format
doesn’t allow the researcher to fully understand the
participants and further question them to gain valuable data.
These recommendations aim to help support future research within behavioral game theory on both
adults and teenagers. Research on behavioral game
theory in combination with cognitive science can
truly lead to a better understanding of variations in
human decision-making and rationality.
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Appendix A
Prisoner’s Dilemma: The Prisoner’s Dilemma consists of two players who are considered “prisoners”.
They are given the option to,
1) remain silent or
2) confess against the other player to get them in
trouble.
However, the two players are not allowed to converse with each other. There are four potential results.
1) Neither player confesses, and both face a short
jail time,
2) player 1 confesses and player 2 does not, so player 1 goes free and player 2 faces a long sentence,
3) player 2 confesses and player 1 does not, so player 2 goes free and player 1 faces a long sentence, and
4) both players confess and face a medium-length
sentence (Kuhn, 2019).
Traveler’s Dilemma: The Traveler’s Dilemma consists of two players who are considered “travelers”.
The two travelers’ luggage has been lost, each with
an identical antique. The airline manager says he will
compensate them for the loss, but through a specific
technique to guarantee there isn’t inflation of prices.
The players are instructed to write down a monetary
value between $2-$100, but they are not allowed to
discuss the numbers they write down with each other.
If they both write the same numbers, the manager will
pay them both that same price. If one player writes a
higher number than the other, they will each be paid
the lower value. However, the player with the lower
value will receive a $2 bonus and the player with the
higher value will be penalized $2 (Basu, 2007).
Dictator Game: The Dictator Game consists of two
players, one who is the “dictator” and the other who
is the anonymous “recipient”. The dictator is given a
certain amount of endowment, and it is up to them
whether they would like to give a portion of that en-
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dowment to the recipient. They can give the recipient
absolutely nothing to the entirety of the endowment
they get for that round (Leder & Schütz, 2018).
Accuracy: The ability for a participant to be able to
choose the option which is deemed by game theory
experts to be the best option for the participant within
the game.

Appendix B
BEGINNING OF SURVEY
Decision-Making in Games
Section 1:
Decision-Making in Games Survey Consent Form
You are being asked to take part in a research study
of how and why adults and teens make decisions in
different games. We are asking you to take part because you are in the target group of participants.
You must be 13 years old or older AND live in [REDACTED] to complete this survey.
Please read this form carefully and ask any questions you may have before agreeing to take part in the
study.
What the study is about:
The purpose of this study is to learn how you approach a game against another player and what factors influence your decision-making process during
the game.
What we will ask you to do:
If you agree to be in this study, you will complete a
survey. The survey will include questions about your
age and level of education, as well as the decision you
make in a game and the factors that influenced your
decision. The survey will take approximately 5 to 10
minutes to complete depending on how much time
you spend on each question.
Risks and benefits:

I do not anticipate any risks to you participating
in this study other than those encountered in day-today life. Additionally, there are no benefits to you. We
hope to learn more about the decision-making process of teens and adults in games to benefit cognitive
and social behavior sciences.
Compensation:
For compensation, you will be entered into a raffle
for a $25 Amazon gift card.
Your answers will be confidential:
The records of this study will be kept private. In any
sort of report we make public we will not include any
information that will make it possible to identify you.
All research materials will be stored in a Google Drive
folder that only the researcher and the project director
have access to.
Taking part is voluntary:
Taking part in this study is completely voluntary.
You may skip any questions that you do not want to
answer. If you decide not to take part or to skip some
of the questions, it will not affect your current or future relationship with [REDACTED] or their teachers. If you decide to take part, you are free to withdraw
at any time.
If you have questions:
The researcher conducting this study is [REDACTED]. Please ask any questions you have now. If you
have questions later, you may contact [REDACTED]
at [REDACTED]. If you have any questions or concerns regarding your rights as a subject in this study,
you may contact the [REDACTED] Institutional Review Board (IRB) at [REDACTED].
Question 1 [Required]:
If you are above the age of 18, have you read understood the above information and consent to participate in this study?
Yes, I am over 18 and consent to participate in this
study [Go to Section 3]
No, I am not over 18 [Go to Section 2 - Teen Consent Form]
No, I do not consent to participate in this study [Go
to Section 14 - Thank you…]
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Section 2:
Teen Consent Form

information that will make it possible to identify you.
All research materials will be stored in a Google Drive
folder that only the researcher and the project director
have access to. All of your answers will be destroyed
following the completion of the study.

Decision-Making Processes in Games Parental
Consent Form
You are being asked to take part in a research study
of how adults and teens make decisions for their benefit in different games. We are asking you to take part
because you are in the target group of participants.

Taking part is voluntary:
Taking part in this study is completely voluntary.
You may skip any questions that you do not want to
answer. If you decide not to take part or to skip some
of the questions, it will not affect your current or future relationship with [REDACTED] or their teachers. If you decide to take part, you are free to withdraw
at any time.

You must be 13 years old or older AND live in [REDACTED] to complete this survey.
Please read this form carefully and ask any questions you may have before agreeing to take part in the
study.

If you have questions:
The researcher conducting this study is [REDACTED]. Please ask any questions you have now. If you
have questions later, you may contact [REDACTED]
at [REDACTED]. If you have any questions or concerns regarding your rights as a subject in this study,
you may contact the [REDACTED] Institutional Review Board (IRB) at [REDACTED].

What the study is about:
The purpose of this study is to learn how you approach a game against another player and what factors influence your decision-making process during
the game.
What we will ask you to do:
If you agree to be in this study, you will complete a
survey. The survey will include questions about your
age and level of education, as well as the decision you
make in a game and the factors that influenced your
decision. The survey will take approximately 5 to 10
minutes to complete depending on how much time
you spend on each question.

If you are under the age 18, you must receive parental consent to participate in this survey

Risks and benefits:
I do not anticipate any risks to you participating
in this study other than those encountered in day-today life. Additionally, there are no benefits to you. We
hope to learn more about the decision-making process of teens and adults in games to benefit cognitive
and social behavior sciences.

Question 3 [Required]:
By writing my initials below I verify that I am the
parent/guardian of the respondent
[Write-in Answer]

Question 2 [Required]:
I have read the above information and give consent
for my child to take part in this study
Yes [Go to Section 3]
No [Go to Section 14 - Thank you…]

Section 3:
Question 4 [Required]:
Do you live in [REDACTED] AND are 13+ years
old?
Yes [Go to Section 4 - Demographics]
No [Go to Section 14 - Thank you…]

Compensation:
For compensation, you will be entered into a raffle
for a $25 Amazon gift card.
Your answers will be confidential:
The records of this study will be kept private. In any
sort of report we make public we will not include any

Section 4:
Demographics
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Question 5:
How old are you? (NOTE: You must be 13 or older
to complete this survey)
[Multiple-choice answers from 13 to 65+ years old
in whole numbers]
Question 6:
What is the highest degree or level of school you
have completed? (If currently enrolled, highest degree
received.)
Some high school, no diploma
High school graduate, diploma or the equivalent
(for example: GED)
Some college credit, no degree
Trade/technical/vocational training
Associate degree
Bachelor’s degree
Master’s degree
Professional degree
Doctorate degree

offered the same options.
Scenario: You and another member (the other
player in the game) in a crime gang are arrested by the
police. You are both placed in solitary confinement so
there is no possible way for you both to communicate
with one another. The police don’t have substantial
evidence to convict you both with a heavy charge, so
they opt to give you both a lesser charge. You are each
offered the same 2 options as a bargain.
Option 1) You can betray the other person and
confess that the other person committed the crime.
Option 2) You can remain silent and not confess.
Once again, you do not have the option to communicate with the other person and discuss a deal between the both of you.

[After Section 4, continue to Section 5]

Here are your potential outcomes based on the option you choose (Keep in mind that the other player
will choose from the same options as well):

Section 5:
Instructions

Outcome A) You both decide to betray one another. You will both serve 5 years in jail.

In the following section, you will be given an overview about the game, your situation, and the options
you have in the game.

Outcome B) You betray the other player, HOWEVER, the other player remains silent. You will be set free
and the other player will serve 10 years in jail.

Please carefully consider the options you are given
and make the choice that YOU want. Afterwards, you
will be asked a few questions on the process you took
to make your decision and the factors that influenced
your choice.

Outcome C) You remain silent, HOWEVER, the
other player betrays you. You will serve 10 years in jail
and the other player will be set free.

[After Section 5, continue to Section 6]
Section 6:
The Game
Instructions: In this game, please imagine you are
in the following scenario. You are playing against another player who is an imaginary person, but please
proceed to answer any questions as if they are a real
person. You are not allowed to talk to or communicate
with the other player in any way. Both of you will be

Outcome D) You both decide to remain silent. You
will both serve 3 years in jail.
Question 7:
Which option would you choose in this scenario?
I will betray and testify that the other member
committed the crime
I will remain silent and not confess
[After Section 6, Continue to Section 7]
Section 7:
Decision-Making Process in the Game
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Instructions: The following questions are about
your decisions in the game you just played. Please
read the following questions and respond to the best
of your ability.

Question 14:
Would you change your answer if you had the option to communicate with the other player?
Yes
No
Maybe

[Scenario is given again for reference]
Question 8:
Approximately how long did it take for you to come
to your final decision?
0 to 10 seconds
20 to 30 seconds
30 seconds to 1 minute
1 to 2 minutes
2 to 3 minutes
3 to 4 minutes
4 to 5 minutes
6 + minutes
Other [Write-in]

Question 15:
Why did you choose your answer from the previous question?
[Long answer text box]
[After Section 7, continue to Section 8]
Section 8:
Influential Factors in the Game
Instructions: The following questions are about
what factors helped you and influenced you to make a
decision in the game you just played. Please read the
following questions and respond to the best of your
ability.

Question 9:
What was the first thing you thought about when
you were trying to make your decision?
[Long answer text box]

IMPORTANT: As you read these questions, please
think about playing the game and that the other player
is not an imaginary person.

Question 10:
Was there any point, while you were thinking,
where you changed your decision from your original
one?
Yes
No

[Scenario is given again for reference]
When asked about how much of a factor something
was in the decision you made, please think about how
much of an impact it had in helping you make a decision.

Question 11:
If you answered yes to the previous question, please
explain what made you change your decision:
[Long answer text box]

Question 16:
On a scale of 1 to 4, how much would you say your
desire to be fair with the other player was a factor in
the decision you made? (1= Not a factor at all, 2= A
minor factor, 3= Major factor, 4= Significant factor)
[Linear scale from 1 to 4]

Question 12:
Was there anything that made you deliberate your
answer for a longer period of time?
Yes
No

Question 17:
Why have you chosen the above rating?
[Long answer text box]

Question 13: If you answered yes to the previous
question, please explain what it was that made you deliberate for longer:
[Long answer text box]

Question 18:
On a scale of 1 to 4, how much would you say your
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desire for the other player’s wellbeing was a factor
in the decision you made?(To elaborate, “wellbeing”
means how well-off/comfortable/happy/safe/etc. the
player would be in that game’s scenario. 1= Not a factor at all, 2= A minor factor, 3= Major factor, 4= Significant factor)
[Linear scale from 1 to 4]
Question 19:
Why have you chosen the above rating?
[Long answer text box]
Question 20:
On a scale of 1 to 4, how much would you say your
desire for your own wellbeing was a factor in the decision you made? (To elaborate, “wellbeing” means how
well-off/comfortable/happy/safe/etc. you would be in
the game’s scenario.1= Not a factor at all, 2= A minor
factor, 3= Major factor, 4= Significant factor)
[Linear scale from 1 to 4]
Question 21:
Why have you chosen the above rating?
[Long answer text box]
Question 22:
On a scale of 1 to 4, how much would you say that
your trust in the other player was a factor in the decision you made? (1= Not a factor at all, 2= A minor
factor, 3= Major factor, 4= Significant factor)
[Linear scale from 1 to 4]
Question 23:
Why have you chosen the above rating?
[Long answer text box]
Question 24:
On a scale of 1 to 4, how much would you say your
desire to be better off than the other player was a factor in the decision you made? (To elaborate, “desire to
be better off ” means that you wanted to serve less time
than the other player does. 1= Not a factor at all, 2= A
minor factor, 3= Major factor, 4= Significant factor)
[Linear scale from 1 to 4]

Question 26:
On a scale of 1 to 4, how much would you say that
the difference between the jail time of each outcome
was a factor in the decision you made? (Ex. In Outcome A you would serve 5 years and in Outcome D
you would serve 3 years. If you chose the decision that
would potentially give you Outcome D rather than
Outcome A specifically because Outcome D had less
jail time, then the difference between the jail time of
each outcome could be considered a significant factor
in your decision. 1= Not a factor at all, 2= A minor
factor, 3= Major factor, 4= Significant factor)
[Linear scale from 1 to 4]
Question 27:
Why have you chosen the above rating?
[Long answer text box]
Question 28:
Which of the following factors would you say was
the most significant factor in the decision you made?
Maintaining a fair game
Wellbeing of the other player
Your own wellbeing
Trust in the other player
Being better off than the other player
Difference between the jail time of each outcome
Other [Write-in]
Question 29:
Why have you chosen the above factor?
[Long answer text box]
Question 30:
Which of the following factors would you say was
the least significant factor in the decision you made?
Maintaining a fair game
Wellbeing of the other player
Your own wellbeing
Trust in the other player
Being better off than the other player
Difference between the jail time of each outcome
Question 31:
Why have you chosen the above factor?
[Long answer text box]

Question 25:
Why have you chosen the above rating?
[Long answer text box]
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[After Section 8, continue to Section 9]

Now that the experiment is over, I will describe the
deception to you, answer any of your questions, and
provide you with the opportunity to make a decision
on whether you would like to have your data included
in this study.

Section 9:
Previous Exposure
Question 32:
Have you been exposed to the Prisoner’s Dilemma
in a previous class or anywhere else?
Yes
No

What the study really is about:
The true purpose of this study was to understand
if adults or teenagers would be better at choosing
the best option in a game theory game, which in this
case was the Prisoner’s Dilemma, and what factors
influenced both age groups to choose their decision.
In addition, the full name of this study is “DecisionMaking in the Prisoner’s Dilemma”. All parts of the
study were real. The benefit of this study was to help
researchers in behavioral game theory, as well as cognitive and social sciences, to understand the differences between the decision-making process of teenagers and adults. There are no benefits to you. I do not
anticipate any risks to you participating in this study
other than those encountered in day-to-day life. If you
give permission, the only data from you that will be
used in this study are your age, your education level,
the option you chose, details on your decision-making
process, and how and why you ranked certain influential factors. None of this information will be presented
in a way to make you identifiable.

[After Section 9, continue to Section 10]
Section 10:
Further Discussion
Thank you for completing the survey thus far. To
help further support the study and elaborate on some
answers, you have the option of potentially having a
5-20 minute interview with the researcher sometime
in the near future.
Question 33 [Required]:
Would you be interested in completing an interview to further elaborate on some of your responses?
Yes [Go to Section 11 - Contact Information]
No [Go to Section 12 - Debriefing]
Section 11:
Contact Information

Taking part is voluntary:
Although you have already completed the survey, your involvement is still voluntary, and you may
choose to withdraw the data you provided prior to
debriefing, without penalty or loss of compensation
offered to you. Withdrawing your submission will not
adversely affect your relationship with [REDACTED],
the researchers, or any of our affiliates.

Question 34 [Required]:
To be able to get in touch with you and schedule
and interview time, please write an email address we
can reach you at:
[Short answer text box]
[After Section 11, continue to Section 12]

Privacy/Confidentiality:
If you agree to allow us to use your data, here is
how we will maintain confidentiality of the information: All survey data collected through Google Forms
will be stored away in Google Drive folder which only
the researcher and the project director have access to.
Promptly following the completion of the study, your
survey response will be destroyed so there is no possibility of distribution.

Section 12:
Debriefing
Decision-Making in Games Debriefing Form
Thank you for participating in this study. In order
to get the information we were looking for, we withheld some information/or provided you with incorrect information about some aspects of this study.

The main researcher conducting this study is [RE-
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DACTED], a student at [REDACTED].

study, please share the link below with them.

If you have questions later, or would like to know
about the results of the study, you may contact [REDACTED] at [REDACTED] or at [REDACTED]. Or
their faculty advisor, [REDACTED], at [REDACTED].

http://bit.do/GameStudy
END OF SURVEY

If you have any questions or concerns regarding
your rights as a subject in this study, you may contact
the Institutional Review Board (IRB) for Human Participants at [REDACTED].
Question 35 [Required]:
After reading the above, please indicate if you do,
or do not, give permission to have your data included
in the study, below:
I have been debriefed by the researcher, and I understand the true intent of and the purpose of my
participation in the study title “Decision-Making Processes in Games”. I agree that the data collected during the study may be included for the purpose of the
study.
I have been debriefed by the researcher, and I understand the true intent of and the purpose of my
participation in the study title “Decision-Making Processes in Games”. I DO NOT give permission for the
data collected during the study to be included for the
purposes of the study
[After Section 12, continue to Section 13]
Section 13:
Amazon Gift Card Raffle
We truly appreciate your participation in this study.
If you would like to be entered into a raffle for a
$25 Amazon gift card, please enter your email address
below. We will notify you if you win.
Question 36:
Email address:
[Short answer text box]
Section 14:
Thank you so much for your time. If you know anyone else who may be interested in participating in this
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Designing an Algorithm to Detect Depression in Users:
A Quantitative Correlational Study
Taylor Hodan
Although the diagnosis of mental disorders like depression has improved over the last decade,
many cases continue to go undetected. The symptoms are often observable on social media platforms. This study seeks to address this issue by designing a program to predict the likelihood and
severity of depression in users by analyzing their Twitter and iMessage histories. This study employs correlational research to develop and test the program. This research used two phases to measure the program’s accuracy on different sources of data. In phase one, the program was tested on
a sample of 2,741 Reddit posts and comments. The program achieved an accuracy rate of 94.80%
across several subreddits. Suicidal behaviour/ideation and a depressed mood had the strongest correlations with depression (coefficients of 0.654997 and 0.58218, respectively). Phase two involved
testing the program on 6 grade 12 students. During this phase, the program had a recall, precision,
and F1 of 1.0, 0.5, and 0.67, respectively. The results suggest that ERDS should integrate data from
platforms like Twitter, iMessage, and Reddit because they reflect users’ mental states.
Keywords: depression, early risk detection system, algorithm, Reddit, iMessage

1. Introduction
According to the World Health Organization, “depression is a common mental disorder [that affects]
more than 264 million people of all ages” (2020). It
is the “leading cause of disability” and can differ in
severity as it may only cause occasional mood fluctuations for some, while for others it can lead to persistent feelings of guilt and low self-worth (World Health
Organization, 2020). However, Sharifa Williams, Instructor of Data Analysis and Applied Regression at
Columbia University, and her associates argue that the
most troubling statistic is that “around two-thirds of
all cases of depression are undiagnosed” (Williams et
al., 2017, p. 633). This is especially concerning because
undiagnosed and thus untreated depression often significantly diminishes quality of life (Williams et al.,
2017, p. 633). Furthermore, a cross-sectional study in
the Medical Science Monitor concluded that the prevalence of anxiety and depression has doubled in areas
that are directly affected by the COVID-19 lockdowns

(Lei et al., 2020). This study aims to address this issue
by using correlational research to examine the extent
to which an algorithm can accurately detect signs of
depression in users’ data from their social media and
iMessage. The program analyzes users’ data and predicts the likelihood and severity of their depression.
By alerting users to their symptoms, this program
aims to mitigate the challenges and prevalence of people being unaware of their depression.

2. Literature Review
2.1. Overview of Depression
Depression is a common, yet severe, mood disorder that is classified as a major depressive disorder
(MDD) or a depressive episode (World Health Organization, 2020). Alan Gelenberg, professor of psychiatry at the University of Wisconsin, and his colleagues explain that a depressive episode features “a
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depressed mood or loss of interest or pleasure in usual
activities that persists over a period of at least 2 weeks
[but less than 2 years] and is accompanied by a constellation of depressive symptoms” (Gelenberg et al.,
2010, p. 77-78). This differs from MDD which occurs
when depressive symptoms like “indecision, thoughts
of death or suicide, or feelings of worthlessness…are
present for at least 2 years” (Gelenberg et al., 2010, p.
78). Furthermore, Lynn Boschloo, assistant professor
of psychology at Vrije Universiteit Amsterdam, and
her colleagues elaborate, classifying these symptoms
as significant or insignificant factors in detecting
depression (Boschloo et al., 2016). They conducted
a prospective study analyzing the relationship that
each symptom has with predicting MDD. They found
that the most significant factors are fatigue, loss of
interest or pleasure, difficulty concentrating, and a
depressed mood. Additionally, hypersomnia and an
increase or decrease in weight are the least significant
symptoms (Boschloo et al., 2016, p. 184). Also, Anita
Thapar, professor of adolescent psychiatry at Cardiff
University, and her associates performed a narrative
review examining depression in adolescents (Thapar
et al., 2012). They argue that the significant and insignificant symptoms in predicting MDD are almost
identical to those in adults except for difficulty concentrating, which is considered a minor factor. Thus,
there are various symptoms of depression that can be
used to predict it; however, they differ in significance
between age groups.

they rely on healthcare professionals (Thombs et al.,
2019). Munmun De Choudhury, associate professor
of computing at the Georgia Institute of Technology,
and his colleagues note that the Center for Epidemiologic Studies of Depression (CESD) Scale is another
“tool [that is used] to determine the depression levels”
of its users through a self-report scale (De Choudhury
et al., 2013, p. 3). Although this means that users can
manipulate their responses, which would decrease
the accuracy of this instrument, it is more accessible
than alternative options as it does not require a psychiatrist. Thus, various tools can be used to diagnose
depression; however, each has its own advantages and
disadvantages.

2.3. Computer Programs that Detect
Depression in Users
Over the past twenty years, many researchers have
begun developing early risk detection systems (ERDS)
that involve algorithms to predict whether users have
depression by analyzing various types of data including linguistic and photographic for depressive symptoms. Sharath Chandra Guntuku, assistant professor
of information science at the University of Pennsylvania, and his colleagues claim that the accuracy of these
programs is often measured by whether the prediction
matches the result of a clinical assessment (Guntuku
et al., 2017). Yena Lee, Research Assistant at the University Health Network in Canada, and her associates
argue that ERDS that rely on a single source of data
for analysis cannot predict depression in users with
a high degree of accuracy as they do not provide sufficient information about a user’s mental state (Lee et
al., 2018). David Losada, professor of computer science at the University of Santiago de Compostela, and
Fabio Crestani, professor of information retrieval at
the Universitá della Svizzera Italiana, acknowledge the
limitations of utilizing only one data source. However,
they refute Lee et al.’s argument, claiming that by using statistical processes like Logistic Regression classifiers1 in conjunction with these programs, they can
achieve a high degree of accuracy (Losada and Crestani, 2016). Moreover, many studies that involve creating ERDS with a single data source validate Losada

2.2. Assessments to Clinically Diagnose
Depression
The most common practices that are used to clinically diagnose depression are surveys and interviews.
Brett Thombs, professor of psychology at McGill
University, and his associates conducted a systematic
review of these instruments. They found that a commonly used tool is the Patient Health Questionnaire
(PHQ), which utilizes a cut-off score of 10 to identify
depression. They claim that other popular assessments
are interviews that involve trained psychiatrists. Although these consults are more expensive to administer, they often achieve a higher degree of accuracy as

1 A statistical and data mining technique that is used to analyze and classify binary and proportional response data sets (Maalouf, 2011,
p. 1).
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and Crestani’s claim as most have precision2, recall3
and F14 values between 0.6-0.8—higher than the 0.50.8 average for most ERDS (Ahmed et al., 2018; Paul
et al., 2018). Therefore, ERDS that examine one data
source can still effectively detect signs of depression
by employing statistical processes.
Most ERDS involve semantic analyses of text data
from social media platforms like Twitter (Tsugawa
et al., 2015). De Choudhury et al. (2013, p. 2) argue
that social media is a logical source of data to examine because “people [often] post about their depression and even their treatment on [it]”. Furthermore,
Guntuku et al. (2017, p. 46) elaborate, claiming that
online forums like Reddit5 are also valid data sources
as they provide “public[ly] available text data related
to mental health”. These programs often measure the
use of personal pronouns like “I” and sentiment to
reach a conclusion (Vedula & Parthasarathy, 2018).
Moreover, many inspect the user’s metadata for features like retweets and social neighbourhood6 (Losada
& Crestani, 2016; Paul et al., 2018). Thus, social media
is a valid source of data because it is publicly available
and offers an array of features to analyze.
Most text-based ERDS also rely on corpora7 to find
trends in texts written by users with clinical depression. By comparing the users’ texts against corpora,
developers can recognize the similarity between the
two documents and reach a prediction (Paul et al.,
2018). Nikhita Vedula who has a Ph.D. in Computer

Science from Ohio State University (OSU), and Srinvasan Parthasarathy, professor of computer science
at OSU, argue that an alternative approach involves
Word2Vec8 programs. They claim that this technique
is often used with Skip-gram9 and binary classifiers10
(Vedula and Parthasarathy, 2018). Furthermore, some
studies have taken more unorthodox approaches that
rely on classifiers rather than corpora or Word2Vec
programs. For example, Ashir Ahmed, associate professor of information technology at Kyushu University, and his colleagues use k-Nearest Neighbour11 to
analyze text data. By analyzing standard linguistic dimensions, the algorithm was able to predict whether
users had MDD 73% of the time (Ahmed et al., 2018).
This is similar to Losada and Crestani’s project which
achieved an accuracy rate of 71%; however, the most
precise program was from Vedula and Parthasarathy
whose accuracy rate was 86% (Losada & Crestani,
2016; Vedula & Parthasarathy, 2018). Therefore, ERDS
that rely on Word2Vec programs are particularly effective in recognizing signs of depression in text data.
Although most studies analyze linguistic data,
some researchers have begun examining alternative
sources of data. Andrew Reece who has a Ph.D. in
Psychology from Harvard University, and Christopher Danforth, professor of mathematics at the University of Vermont, created an early risk detection system that analyzed the psychological indicators found
in photographic data from Instagram. This included

2 A measure of accuracy that is calculated by dividing the number of true positives by the number of true positive and false positives
(Losada & Crestani, 2016).
3 A measure of accuracy that is calculated by dividing the number of true positives by the number of true positive and false negatives
(Losada & Crestani, 2016).
4 A measure of accuracy that is calculated by multiplying the precision and recall by two and then dividing the resulting number by the
sum of the precision and recall. Precision, recall, and F1 are on a scale from 0 to 1. Numbers closer to 1 indicate that the program has a
higher degree of accuracy as it has almost all true positives and true negatives, and nearly no false positives and false negatives (Losada &
Crestani, 2016).
5 An online discussion website where members contribute content such as text and images (Reddit Inc., 2020).
6 Refers to the number of followers and followees (Vedula & Parthasarathy, 2018).
7 A language resource that consists of various bodies of texts that are related to a particular topic (Paul et al., 2018).
8 A program that uses a text corpus as an input to generate its word vectors as an output. It constructs a vocabulary from the training
text data and then learns the vector representation of words. The resulting word vector file can be used in natural language processing
and machine learning programs (Goldberg & Levy, 2014).
9 An unsupervised learning technique that infers the nearby contextual words (Inkpen et al., 2018, p.
10 Often used in algorithms to produce a prediction score, which reflect the program’s certainty that the given observation belongs to
the positive class (Sharp et al., 2018).
11 A non-parametric approach that is used to calculate the distances from the points of interest to the points in the training set (Ahmed
et al., 2018, p. 6).
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the presence of other people through facial recognition technology and the setting (Danforth, 2017).
Thus, although text-based ERDS are the most common, studies have started to develop ERDS with nontext sources of data too.
While most ERDS rely solely on one data source,
some researchers have begun using multiple sources
in a single program (De Choudhury et al., 2013; Gutunku et al., 2017). H.T. Kung, professor of computer
science at Harvard University, and his associates argue
that this gives a more holistic image of the users’ mental states, which allows better prediction of depression
(Kung et al., 2016). Specifically, programs utilizing
multiple sources have achieved accuracy rates between 84-88% (Kung et al., 2016; Vingerhoets et al.,
2010). Therefore, although ERDS can identify signs of
depression with only one data source, analyzing multiple sources of data increases the likelihood of the
ERDS achieving higher degrees of accuracy.

iMessage and Twitter. Moreover, this research differs
from past studies because this program relies on the
outputs of various coding files, which measure users’ symptoms from different data sources, to reach a
conclusion. Furthermore, no study has yet attempted
to test the accuracy of such a program on Canadian
adolescents. Therefore, by examining multiple sources
and types of data, this research aims to create a unique
early risk detection system with a higher precision, recall, and F1 than previous studies that have only used
one data source.

3. Methodology
3.1. Study Design
This study uses quantitative correlational research
to examine the extent to which a newly created algorithm can accurately detect signs of depression in
users’ data from Twitter and iMessage. By employing
this type of research, this study establishes the relationship between symptoms of depression and their
ability to predict it in users. John David Creswell,
professor of psychology at Carnegie Mellon University, and John W. Creswell, Research Scientist at the
University of Michigan, claim that this form of research uses “the correlational statistic to describe and
measure the degree or association…between two or
more variables” (Creswell and Creswell, 2018, p. 12).
This lets researchers examine the “more complex relationships among variables [that are] found in techniques of structural equation modeling, hierarchical
linear modeling, and logistic regression” (Creswell &
Creswell, 2018, p. 12). Moreover, Oberiri Apuke, lecturer of communication at Taraba State University,
adds that correlation coefficients can be placed on
these relationships to describe them in more depth
(Apuke, 2017). These coefficients “range from +1.00
to -1.00. Higher correlations (coefficients closer to

2.4. Gap Analysis
Past literature has examined the symptoms and risk
factors of depression in adolescents and adults (Boschloo et al., 2016; Thapar et al., 2012). Many researchers have also developed ERDS that use one or more
sources and types of data to predict depression in users (Inkpen et al., 2018; Paul et al., 2018). This study
most closely resembles that of Sho Tsugawa, assistant
professor of engineering at the University of Tsukuba,
and his colleagues. They created an early risk detection system—using machine learning algorithms and
data from Twitter’s application programming interface (API)12—to predict depression in users on a
sliding scale based on the CESD Scale (Tsugawa et al.,
2015). This study seeks to develop a similar system as
it also analyzes text data from Twitter’s API. Unlike
past studies, however, the program is a part of an iOS
application that alerts users of the likelihood and severity of their depression by analyzing their data from

12 A computer interface that enables the app’s developers to share an application’s data and functionality to third-party developers (IBM
Cloud Developers, 2020).
13 A programming language that allows coders to access Reddit’s API (Python Software Foundation, 2021).
14 The number of users who wrote these posts and comments is unknown since the “subreddit.hot” feature on the Reddit API was only
used to track the text in distinctive posts. These were the most upvoted posts on each subreddit at the time that they were collected.
15 This was calculated on Excel using the Z-score squared multiplied by the standard deviation and 1 minus the standard deviation. This
was then divided by the confidence interval squared.
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+1.00 or -1.00) indicate stronger relationships,” with
a positive correlation suggesting that the variables are
directly related, whereas a negative correlation implies
an inverse relationship (Apuke, 2017, p. 44). By quantitatively measuring each symptom’s ability to predict
depression and the relation that each model has with
detecting depression, adjustments can be made to the
weighting of each indicator and the model to produce
a higher correlation coefficient and thus a more accurate algorithm.
This study employs a prediction design as it aims to
predict an outcome—depression or the lack thereof—
by analyzing symptoms of depression that act as the
variables (Apuke, 2017). William Lammers, professor
of psychology at the University of Central Arkansas,
and Pietro Badia, professor of psychology at Bowling Green State University, explain the applications
of correlational research. They argue that it is especially useful for measuring the accuracy of diagnostic
tools—in this instance, the algorithm—as it provides
insight on the different conditions associated with
a disorder (Lammers and Badia, 2005). This is particularly beneficial in cases of difficulty in detection
or diagnosis, which is the case for depression, and if
the design “is successful and the correlation is strong,
then both the speed and accuracy of identifying the
disorder may be substantially increased” (Lammers &
Badia, 2005, p. 7). Thus, correlational research suits
this study because it measures the accuracy of the program and determines the strength of each indicator in
predicting depression.

3.2. Data Sources
The first step was identifying the main symptoms
of depression from past literature. These included a
depressed mood, fatigue, insomnia, feelings of guilt/
worthlessness, difficulty concentrating, suicidal ideation/behaviour, and the number of personal pronouns versus plural subject pronouns. Then, the program was tested and refined using Python13 with data
from Reddit. The program scanned for symptoms
of depression by searching for related words such as

“tired” and “depressed.” The Reddit API was used to
collect 2,741 posts and comments14 from Reddit users on depression-related subreddits (“Depression,”
“Depression_help,” “Depression Regimens,” and “ForeverAlone”) and four other randomly selected subreddits (“MovieSuggestions,” “Technology,” “Food,”
and “News”) to test whether it can differentiate users
discussing depression versus those who are not. Since
the demographic information of Reddit users is not
publicly available, this study seeks to examine a diverse sample of users by analyzing data from multiple
subreddits and users. To ensure that the analysis had
statistical significance, a sample size based on a 90%
confidence level and standard deviation of 0.5 was calculated15. The calculated sample size was approximately 70; however, to ensure that the program was tested
on a diverse data set, a larger sample of 2,741 was chosen. Participants were classified as depressed if they
explicitly referenced a diagnosis of depression in the
text collected, through phrases like “I was diagnosed
with depression;” simply stating “I am depressed” did
not qualify as a diagnosis. Further, if users referenced
attempted suicide or phrases pertaining to suicide
ideation, they were classified as depressed. There were
four rounds of testing; after each round, the accuracy
rate was calculated on Excel by finding the difference
between the number of true positives (TP) and true
negatives (TN) against false positives (FP) and false
negatives (FN). The number of times each symptom
was found was also recorded after each round. This
information was used to make modifications including changing the weighting of symptoms—based on
how frequently they were found—and expanding the
number of phrases associated with each symptom—if
they were not detected much. These adjustments were
made at the end of each round to improve the accuracy rate—increase the number of TP and TN relative
to FP and FN.
The second phase tested the algorithm (in the
Swift16, Python, and Jupyter17 files) and the iOS app.
Students aged 17-18 in grade 12 at Appleby College18
were invited to participate via email. The demographic information of each participant was recorded to

16 A programming language that is compatible with all Apple platforms (Apple Inc., 2020).
17 A web-based interactive development environment for Jupyter code, data, and notebooks (Project Jupyter, 2021).
18 An independent school in Oakville, Ontario, Canada that teaches over 800 students in grades 7 to 12. Its student body consists of a
roughly equal mix of genders and represents 51 cultures and nationalities (Appleby College, 2020).
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ensure that the program was tested on a diverse party
that included different genders and ages. To calculate
the sample size, a 75% confidence level and standard
deviation of 0.5 was used. A lower confidence level
was used because the results would likely vary if the
study was repeated since they are unique to users’
iMessage and Twitter data. The calculations suggested
a sample of 4, however, a larger sample of 6 was used
to examine even more data.
Participants received two online surveys—the
PHQ and Beck’s Depression Inventory (BDI)19—and
were asked to fill them out simultaneously. Both questionnaires used a Likert-type 4-point scale to respond
to a series of statements like “little interest or pleasure
in doing things…[and] feeling down, depressed, or
hopeless” (“Patient Health Questionnaire,” 2005). If
the respondent did not feel comfortable answering
a question, they were given the option to pass—at
which point, the totals for each category were reduced
accordingly. Once they submitted the surveys, they
were sent the coding files to run on their MacBooks.
These scanned their iMessages—both the text in each
message and the timestamps—and their Tweets—if
the user gave access to it.
The program returned a score that predicted depression on a scale from 0-100, based on the PHQ and
BDI. A score between 0-18 suggested no to minimal
depression, 19-37 was mild, 38-56 was moderate, 5775 was moderately severe, and 76-100 was severe. Users were then told to enter their scores into the app
which returned the corresponding category they were
placed in. They then submitted the score they received
on a Microsoft Form. To measure the program’s accuracy, the score they were given was compared against
the results of the PHQ and BDI to determine whether
they matched. To be considered a match, the user
had to have been placed in the same category in both
questionnaires and the app. The prediction from the
program was not a formal diagnosis of depression,
rather it was a method of alerting the user that they
were showing possible signs of depression.

To protect participants’ privacy, the programs
were run directly on their devices. Additionally, the
results of the questionnaires and the app were kept
confidential unless the app found signs of suicidal
thoughts on the device, the user indicated suicidal
behaviour on the questionnaires, or the user received
a severe or moderately severe diagnosis from the app
or questionnaires. If this was the case, a member of
the school’s guidance department was alerted and put
in contact with the student. However, at no point was
the data given to the guidance member. Further, all
participants were given resources for help regardless
of their score. By implementing these measures, this
research was approved by Appleby College’s Internal
Ethics Review Board.

3.3. Hypotheses
The following are hypothesized:
1. The recall, precision, and F1 of the final program
will be within 0.02 of 0.75. This is based on the results
that similar studies like Inkpen et al. (2018), achieved.
2. The more sources and data—Tweets and iMessages—that the program is given access to, the more
accurate the prediction will be. This is based on the
findings of similar studies like Kung et al. (2016), who
found that more data sources let ERDS detect additional signs of depression or a lack thereof.

3.4. Analysis
To measure the relationship that each symptom in
phase one had with predicting depression, a trendline
modelling the correlation coefficient was created. This
was used to determine the type and strength of each
relation. The correlation coefficient was calculated
using the Pearson product-moment on Excel. For
phase two, the accuracy of the program was measured
through the number of TP20, TN21, FP22, FN23, precision, recall, and F1. These statistics were calculated on
Excel.

19 A self-report questionnaire that consists of 21 items that the user assigns a score of 0-3. It diagnoses depression on a sliding scale
from 0-63 (Morales et al., 2017).
20 Participants who were correctly placed in a category that suggested a moderate degree of depression or higher.
21 Students who were correctly put into the no to minimal depression category.
22 Participants who were incorrectly assigned to a category that implied a moderate degree of depression or higher.
23 Participants who were incorrectly assigned to the no to minimal depression category.
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4. Results
4.1. Phase One Results
The program was tested on 2,741 posts from 8 subreddits: “MovieSuggestions,” “Technology,” “Food,”
“News,” “Depression,” “Depression_help,” “Depression Regimens,” and “ForeverAlone.” The breakdown
of posts that were collected from each subreddit is illustrated in Figure 1.
The program achieved a higher accuracy rate on
subreddits that were not related to depression: “Mov-

ieSuggestions,” “Technology,” “Food,” and “News.”
However, the algorithm still achieved an accuracy rate
of 81% on those related to depression, which is shown
in Figure 2.
To illustrate the correlation between depression
and each symptom, the number of references to the
symptom was measured on the y-axis and the percentage score that predicted depression was put on the
x-axis. The first relationship, in Figure 3, has a correlation coefficient of 0.655 which indicates a moderate
positive correlation.
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The trendline in Figure 4 showcasing the correlation coefficient of 0.5822 suggests that there is a moderate positive relationship between a depressed mood
and depression.

The relationship between a loss of interest/pleasure
and depression in Figure 5 has a correlation coefficient of 0.0337, which implies that there is no relation
between them.
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In Figure 6, the correlation coefficient for insomnia
and depression is 0, which indicates that there is no
relationship between the two.
In Figure 7, the correlation coefficient for fatigue
and depression is also 0, which indicates that there is
no relationship.

which suggests that there is a weak correlation.
The correlation coefficient for concentration problems versus depression in Figure 9 is 0, which indicates that there is no relation.

The correlation coefficient for feelings of guilt/
worthlessness and depression in Figure 8 is 0.1806,
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In Figure 10, personal pronouns and depression
have a correlation coefficient of 0.3319, which indicates that there is a weak positive correlation.

Finally, in Figure 11, the correlation coefficient for
group pronouns versus depression is 0.0642, which
indicates that there is no relation.
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4.2. Phase Two Results

the high correlation between suicidal ideation and depression (Moreh & O’Lawrence, 2016). Thus, suicidal
ideation/behaviour can be a significant factor in predicting depression on anonymous servers like Reddit.
The second factor with a moderate correlation was
a depressed mood at 0.5822 (Figure 4). This coincides
with past literature that found a depressed mood to
be a statistically significant factor in detecting depression. Daantje Derks, professor of psychology, and her
associates argue that it is “easier to express negative
emotions [in computer-mediated communication
(CMC)]…because one does not know the other…
[and] one is less aware of the social effects of one’s own
expressions” (Derks et al., 2008, p. 4). Moreover, the
“reduced visibility of emotions strengthens emotional
style and content and makes it easier to express emotions, especially when individuals find it difficult to
express them in real life,” which applies to depression
that often goes undiagnosed for these reasons (Derks
et al., 2008, p. 4). This supports the conclusion of a depressed mood being a significant factor in predicting
depression on CMC channels.
The two factors with low correlations are feelings of
guilt/worthlessness and personal pronouns at 0.1806
and 0.3319, respectively (Figures 8 and 10). The low
correlation for feelings of guilt/worthlessness was expected since previous studies, like that of Tsugawa et
al., had similar findings, and it is not a factor that is
used to clinically diagnose depression in instruments
like the BDI (Tsugawa et al., 2015).
Findings that differed from past studies included
the absence of correlation between depression and
insomnia, fatigue, and a loss of interest/pleasure (Figures 5-7). The lack of correlation with loss of interest/pleasure is likely a consequence of the program’s
inability to identify activities that the user no longer
enjoys as it only searched for generalizable terms like
“disinterested.” The lack of correlation with insomnia
and fatigue is surprising given the findings of past research and new studies relating to “Zoom fatigue.”24
For example, Manyu Jiang, recipient of the Facebook
Journalism Project Scholarship, notes that CMC involving video is harder than face-to-face communication as it “requires more focus.” Furthermore, although people’s minds are together, their bodies are
not; “that dissonance, which causes people to have
conflicting feelings, is exhausting” (Jiang, 2020). Since
Reddit users do not see the people that they are con-

There were 6 grade 12 students in this phase, which
involved testing the program on users’ iMessage and
Twitter histories. There were 3 female and 3 male participants (3 aged 17 and 3 aged 18). The results are
shown in Table 1. The precision reflects the difference between the TP and TP plus FP. Recall indicates
the number of TP against TP plus FN. F1 shows the
weighted average of precision and recall.

5. Discussion
5.1. Phase One
This research reveals new information about the
factors that can be used in ERDS to predict depression. The program achieved an average accuracy rate
of 94.80% across all subreddits. It was particularly successful in predicting the lack of symptoms on subreddits that did not explicitly relate to depression: “MovieSuggestions,” “Technology,” “Food,” and “News” as it
achieved rates between 95-100% (Figure 2). However,
the program was still able to detect depression in users
classified as depressed 81% of the time.
When examining the correlation that each factor
has with predicting depression, the strongest correlations involved suicidal behaviour/ideation and
a depressed mood. The correlation coefficient for
suicidal behaviour/ideation versus depression was
0.64997 (Figure 3). According to Patrick Schober,
Medical Specialist at the Universitair Medische Centra, and his colleagues, this is a moderate positive
correlation (Schober et al., 2018). This means that
as the number of references to suicide increases so
does the percentage, which suggests that the user has
more severe depression. Moreover, Swenda Moreh,
Vice President of BridgePoint Healthcare, and Henry O’Lawrence, professor of healthcare at California
State University, argue that suicide is a common sign
of depression in adolescents. They claim that although
“the rates of completed suicide are low…[at] 8.2 per
100,000 among 15- to 19-year-olds, there are many
more attempted and suicidal ideations” (Moreh and
O’Lawrence, 2016, p. 285). Many adolescents document these attempts on online platforms like Reddit
that provide anonymity, which likely contributed to
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versing with and can contribute whenever they want
to, the fatigue that is often felt on other CMC channels
or in-person does not apply. Therefore, the findings
suggest that the most significant factors in predicting
depression are suicidal behaviour/ideation and a depressed mood whereas the least significant are insomnia, fatigue, and a loss of interest/pleasure.

5.2. Phase Two
The results indicate that there is a positive correlation between the factors used in the programs and
a users’ degree of depression. This is likely attributed
to many of the symptoms being used in clinical assessments like the PHQ. Further, the sliding scale that
was used to predict depression was based on clinical assessments. Additionally, this implies that users’
messages and Tweets contain data that does reflect
their mental state which coincides with findings from
past studies like that of Kung et al. (2016). Moreover,
Prakash Date, professor of engineering at Cummins
College, and his associates agree with these conclusions. They argue that social networking sites (SNS)
display an “individual’s [way of] thinking, mood, activities, and socialization.” Further, they claim that it
can show whether someone has depression since users
often share “their thoughts, feelings, [and] emotions…
[related to] guilt, worthlessness, [and] helplessness”
(Date et al., 2018, p. 6016). Thus, the data from phase
two shows similar trends to phase one and demonstrates the real-world applicability of these findings.

5.3. Limitations
Since there remains a stigma around discussing
mental health illnesses, participants in phase two may
have altered their responses on the questionnaires to
avoid a diagnosis. This may have increased the number of FP as the programs may have detected signs
of depression in cases where questionnaires would
have concluded that they were not depressed. Roberta
Heale, professor of nursing at Laurentian University, and Alison Twycross, professor of healthcare at
London South Bank University, propose a solution of
using two surveys that are similar to one another to

achieve parallel-form reliability. If the difference between the final scores of the surveys was greater than
ten, it suggested that the data was unreliable, and thus,
the participant was excluded from the results (Heale
& Twycross, 2015).
Another limitation involved the semantic analyses
of users’ texts. The algorithm could only detect symptoms if the personal pronouns that the participants
used, and the description of the symptoms were on
the same line in the text file. For example, if participants displayed signs of self-hatred by using negative
adjectives to describe themselves, the algorithm only
recognized that as a symptom if the pronouns were
on the same line. Moreover, if users expressed their
symptoms in a manner that was not explicitly coded
for, which included using a short form, slang, or incorrectly spelled words, the program was unable to
detect them. Both limitations resulted in the program
returning a higher quantity of FN as it was unable to
recognize the symptoms in the way that the user presented them. Finally, since there were many requirements for participants in phase two and the program
was still in beta testing, there were only 6 volunteers.
The limited sample size affected the recall, precision,
and F1, leading to either extremely high or low values
since a maximum of 6 numbers were used to calculate
each. Therefore, to better generalize these results and
the program’s accuracy, a larger sample is needed.

5.4. Implications
This research indicates that ERDS that analyze
data from CMC channels—without videos—should
examine suicidal behaviour/ideation because it has
the strongest correlation with predicting depression.
However, since Reddit does not publish data regarding users’ ages, no definite conclusions can be drawn
that apply to specific age groups or that relate to nontext-based CMC channels. Furthermore, these findings suggest that the key symptoms of depression—
those with the highest correlation coefficients—may
differ based on the type of CMC. Thus, future research
should measure the variation in the correlation between symptoms on different CMCs. Furthermore,
this research indicates that as many SNS as possible

24 Anxiety, tiredness, or worry that results from overusing virtual videoconferencing platforms (Wiederhold, 2020).
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Coastal Blue Carbon Emissions of Salt Marsh Soils
Sydney Gray
Salt marshes and other coastal habitats are often overlooked for their potential in combating
climate change and reducing carbon emissions. The objective of this study was to observe the variance in carbon flux between disturbed and undisturbed salt marsh soils when subjected to freezing and thawing cycles. Sediment samples were collected from both a natural and recovering site
within a Mid-Atlantic salt marsh. The samples were incubated and pushed through freezing and
thawing conditions, carbon emissions and temperatures of the soil being monitored throughout
each thaw. The data suggested that there is a positive correlation between soil disturbance and soil
respiration in conjunction with rising temperatures. These findings suggest that disturbances could
convert salt marshes from effective carbon sinks to sources of carbon emissions, not only reversing
the positive contributions of blue carbon ecosystems, but amplifying the issue of climate change.
Keywords: salt marsh, carbon flux, soil respiration, climate change, wetlands, freeze/thaw

Coastal Blue Carbon Emissions of
Salt Marsh Soils
Coastal habitats are arguably some of the most productive ecosystems in the world. Not only do they offer
services such as mitigating the damage of storms and
filtering pollutants, but they are also an overlooked opportunity for the reduction of carbon emissions with
the prevalent threat of global climate change (Gedan
et al., 2011, p. 229). They have been coined “blue carbon” ecosystems for their coastal location and contributions to the sequestration and storage of carbon
from the atmosphere into plants and soil (Pidgeon et
al. 2019, para. 1). According to the Blue Carbon Initiative, an organization devoted to educating people on
this overlooked topic, these ecosystems make up only
2% of total ocean area, yet account for nearly 50% of
carbon storage in ocean sediments. As a result, their
effects on the environment and the impact humans
have exerted on these ecosystems have been the sub-

ject of many research studies. However, there is a lack
of understanding in a few subject areas regarding blue
carbon ecosystems. While there are several nutrient
productivity studies taking place in the New England
region of the United States, there is currently less literature on the Mid-Atlantic region, which is a dissimilar
environment. In fact, according to Campbell (2020),
the Chesapeake region is characterized by higher rates
of sea level rise and sediment disturbances (para. 3).
Disturbances and restoration have been a huge topic
in past salt marsh research studies, due to the threat of
carbon dioxide release from disturbed ecosystems. In
one such study, McFarland (2016) measured the concentration of phosphorus, nitrogen, and carbon in natural versus restored blue carbon ecosystems, as well as
converted farmland, finding the highest nutrient concentrations in restored marshes (p. 267). The impact of
disturbances to these ecosystems in conjunction with
rising temperatures associated with climate change is
unknown. There is little to no research on the relation-
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Soil Respiration in the Face of Freezing and
Thawing Cycles

ship between extreme temperature conditions and carbon storage within these ecosystems, particularly in salt
marshes recovering from disturbances. This is principal
in understanding recovering salt marsh productivity
and resilience under different environmental conditions resulting from climate change.

Furthermore, there are many existing studies on
the effects of freeze and thaw on soil respiration and
carbon release for other types of ecosystems. For instance, Wang (2015) conducted an incubation study
investigating the effect of freezing and thawing cycles
on the respiration of light and dark cyanobacterial
crusts. Medium, mild, and severe freezing and thawing cycles were successively applied to the soil samples
to test the change in the total carbon and nitrogen
content of the soils (p. 265). It was determined that
the light cyanobacterial crusts were more sensitive
to the successive cycles than the dark cyanobacterial
crusts (p. 267). However, in general, both crust types
saw a decrease in carbon and nitrogen concentrations
throughout the repeated freeze and thaw (p. 263).
The repeated cycles led to the release of carbon and
nitrogen from the soil samples at an increased rate.
Likewise, Meyer (2018) observed soil respiration and
sensitivity to temperature in soils from grasslands,
croplands, and forestlands in order to investigate the
potential of mid-infrared spectroscopy on large scale
carbon modeling. This study observed higher rates of
soil respiration in grasslands and croplands.

Literature Review
Productivity and Nutrient Dynamics
Firstly, productivity and nutrient dynamics of
these ecosystems dominate current literature. This
focus of research helps us to understand the overall
impact of blue carbon ecosystems as carbon sinks,
beginning with the basic components. For instance,
Nixon (1973) conducted a study of energy flow and
biomass throughout trophic levels of a New England
salt marsh over the course of a year (p. 463). The study
compared the nutrient dynamics and biomass of
plants like Spartina alterniflora and S. patens, as well
as shrimp, fish, birds, plankton, sediments, etc. Furthermore, Greller (2010) compared the productivity,
biomass, and biotic interactions of several common
salt marsh plants in Long Island, New York (p. 105).
These studies represent a pattern of literature measuring the smaller components involved in salt marsh
productivity, such as abiotic and biotic relationships.
In addition, much of the current literature surrounding the carbon dynamics of coastal ecosystems
focuses on long-term sediment storage. Understandably so, as Trevathan-Tackett (2015) affirmed the fact
that as opposed to plants, sediments have the ability
to store both allochthonous carbon, carbon that is
sequestered from an external source, and autochthonous carbon, organic material from the ecosystem
itself (p. 3043). This emphasizes the importance of
soil activity in the abilities of salt marshes to sequester
and store carbon. In a similar study, Samper-Villarreal
(2016) measured the impact of various environmental
factors on carbon uptake in seagrass sediments, including the turbidity of the water. It was determined
that higher carbon uptake was associated with higher
levels of turbidity (Samper-Villarreal et al., 2016, p.
943). Studies on the mechanisms of sequestration and
nutrient dynamics offer a broad perspective on the
significance of blue carbon ecosystems.

Disturbances and Recovery
As discussed previously, another popular subject of
research is the recovery of marshes after disturbances.
Disturbances and damage to these ecosystems can be
attributed to a number of factors, including human
development, “temperature increase, accelerating eutrophication, consumer-driven salt marsh die-off, and
sea level rise” (Gedan et al., 2011, p. 229). For instance,
Coverdale (2014) called attention to the problem of increased crab burrowing, an indirect impact of human
activity, and how it led to the retreating of a Cape-Cod
tidal marsh and the release of a high amount of previously sequestered carbon back into the atmosphere
(para. 18). This is especially detrimental to the environment because it reverses the contributions of salt
marshes in storing carbon. In fact, according to The
Blue Carbon Initiative, disturbed coastal ecosystems
account for nearly “1.02 billion tons of carbon dioxide” released back into the atmosphere every year.
Instead of acting as effective carbon sinks, previously
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disturbed ecosystems have become a source of carbon
emissions.
Moreover, Macreadie (2015) established a connection between carbon release and disturbances
to seagrass ecosystems. Through carbon dating and
the measurement of carbon stocks in the soil, disturbed seagrass ecosystems were proven to emit high
amounts of carbon that had been built up over thousands of years (p. 3). In another study on seagrass ecosystems, it was pointed out that habitat loss attributed
to disturbances from human development caused the
release of “between 0.05 to 0.33 Pg CO2 yr-1 back
into the atmosphere” (Greiner et al., 2013, para. 5).
This makes disturbed blue carbon ecosystems dangerous sources of carbon dioxide release, as this is a
rate comparable to the fossil fuel emissions of several
small countries (Greiner et al., 2013, para. 5). This further emphasizes the need for a better understanding
of the effects of blue carbon ecosystem disturbances,
and how climate change can worsen these effects.
Despite the many existing productivity studies taking place in the New England region, there is a lack
of information available on Mid-Atlantic salt marshes.
Regarding disturbances and recovery, there are many
studies that observe the effects of sea-level rise and
rising temperatures. However, there seems to be a lack
of understanding of the effects of freezing and thawing cycles on salt marsh ecosystems. This raised the
question: To what extent does the carbon flux vary
between disturbed and undisturbed soil samples from
a Mid-Atlantic salt marsh when subjected to freezing
and thawing cycles? The objective of this study was
to assess the variances in the rate of CO2 emissions
when recovering and natural salt marsh sediments
from the same Mid-Atlantic marsh were exposed to
freezing and thawing conditions, using an incubation
study. This allowed for the experimental manipulation
of salt marsh soil samples and a look at disturbed soils
under extreme conditions.

Methods
Methodologically, this study utilized an incubation
experiment. Incubation studies are ideal for climate
change research, as they allow the researcher to manipulate and control the environment of the samples
to test desired factors. Wang (2015) carried out a con-

trolled incubation experiment to observe the effects
of freezing and thawing cycles on total carbon and nitrogen content in cyanobacterial soil crusts, in an attempt to “simulate natural temperature changes in one
of the temperate regions of northern China,” (p. 263);
similarly, this study aimed to simulate freeze and thaw
events in the Mid-Atlantic region of the United States.

Study Area and Sampling
In order to be able to sample in a marsh, an advisor’s permit was applied and the study was approved
by the Independent Review Board of a public school
in Delaware. Soil samples were collected from two regions of the St. Jones Reserve, a 5,119 acre estuarine
research reserve on the St. Jones River in Dover, Delaware. Two shallow samples were taken from a natural area of the marsh, and the other two from an area
that had recently faced a disturbance. This particular
region had been oversampled in the recent past, leaving the mud churned up and the plant life damaged,
whereas the natural region was practically untouched.
It was critical to sample from within the same salt
marsh for both the disturbed and undisturbed sediments in order to ensure soil homogeneity, which is
essential in a project aiming to measure soil respiration. In fact, Wang (2015) evaluated the similarity of
soil microstructure in order to ensure homogeneity
(p. 265). The St. Jones Reserve offered a recovering
and a natural region within close proximity, allowing for samples with little to no variation in salinity,
nutrients, or vegetation.

Validity
All samples were collected from the same marsh
within a distance of approximately ten meters. This
increased internal validity, as it allowed for less variation in soil components, such as salinity, nutrients,
sedimentary components, and heterotrophic components. External validity was ensured by maintaining
water content and plant material in the soils throughout the study in order to reflect soil respiration in a
natural environment. Samples were not sieved or
dried in order to prevent any further disturbance and
ensure that the experimental results would be comparable to the real world (Herbst, 2016, para. 1). In
fact, Herbst (2016) critiqued sieving due to its impact
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on the relationship between water content and soil
carbon dioxide emissions in studies on the effects of
climate change (para. 1). Lastly, the results of the incubation study were representative of soil respiration in
a salt marsh during freeze and thaw events.

The final cycle consisted of sixteen hours in the
freezer at -18°C and a following twenty-four hours
of thawing. During this interval, CO2 levels and soil
temperatures were recorded every two hours. Each
data set was then downloaded from the LabQuest and
recorded in a spreadsheet for analysis. The spreadsheets were used to make line graphs. A line of best fit
was fit to these graphs and a linear regression was calculated. A steeper slope suggested a faster rate of soil
respiration. The temperatures of the soils in relation to
CO2 levels were charted and graphed separately.

Procedures
Soil samples were separated into four, 2000 mL
plastic chambers; an experimental disturbed chamber,
an experimental undisturbed chamber, a control disturbed chamber, and a control undisturbed chamber.
The experimental undisturbed soil was referred to as
the Natural group, while the experimental disturbed
soil was called the Recovering group. Approximately
500 mL of soil was placed in each chamber. After being separated into these airtight containers, the soils
were stored at room temperature in the dark until the
start of the experiment (Wang, 2015, p. 265). On the
first day of the treatment, all chambers remained in
indirect sunlight at room temperature, or approximately 22°C. CO2 levels and the soil temperature for
each batch were recorded every hour over the course
of six hours. A Vernier CO2 gas sensor was placed in
each chamber and hooked up to a LabQuest, which
monitored soil respiration over time, digitally storing
the CO2 emissions in parts per million (ppm) every
thirty minutes.
When the 6 hours ended, experimental batches
were placed in a freezer for sixteen hours (Wang, 2015,
p. 265) at a temperature of -18°C (Meyer, 2016, para.
11). The next morning, the soils were removed from
the fridge and allowed to thaw at 22°C for another six
hours, during which the CO2 levels were recorded every thirty minutes and soil temperatures every hour.

Control
Throughout cycles one and two, a recovering
chamber and a natural chamber were kept at room
temperature. These soils maintained a temperature
of 21°C. Carbon levels were monitored and recorded
over the same intervals as the experimental batches.

Results
The experimental undisturbed soil was referred
to as the Natural group, while the experimental disturbed soil was called the Recovering group.

Control
Throughout cycles one and two, a recovering
chamber and a natural chamber were kept at room
temperature. These soils maintained a temperature
of 21°C. Carbon levels were monitored and recorded
over the same intervals as the experimental batches.

Figure 1: Carbon levels of control chambers during both cycle #1 and #2
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Figure 2: Influence of temperature on the release of carbon dioxide in cycle #1
As depicted in Figure 1, carbon levels increased
over time for both the recovering and the natural soils.
In the first cycle, the disturbed soil released more carbon overall, and the trendlines fit the data well, with
93.2% for the recovering chamber and 85.3% for the
natural chamber. In the second cycle, undisturbed
soils released higher amounts of carbon dioxide. The
trendlines did not fit the data, with 46.8% for the recovering chamber and 34.7% for the natural chamber.
This can be attributed to the extended amount of thaw
time and the two hour intervals, as carbon flux is typically measured in smaller intervals.

Cycle One
As shown in Figure 2, carbon levels in the Recovering soil chamber had increased by approximately
121 ppm each time temperature was recorded (every

hour). The coefficient of determination shows that the
trendline fit the data by 61.3%, meaning the trendline
was able to describe 61.3% of the data. Similarly to the
recovering soil, natural soil respiration also increased
with temperature, at a rate of approximately 86 ppm
per hour. The trendline fit the data by 73.7%.
As time went on, the carbon levels in each chamber
increased. The trendline fit the recovering soil data by
84.9% and had a steeper slope than that of the undisturbed soil, as the carbon level increased by 208 ppm
per hour. The carbon level in the natural chamber
increased by 198 ppm per hour, as demonstrated in
Figure 3. The trendline fit 95.1% of the data for the
natural chamber.
According to Figure 4, the undisturbed soil saw
higher overall carbon levels throughout the first cycle.

Figure 3: Carbon levels relative to time in cycle #1
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Figure 4: Comparison of carbon levels for disturbed and undisturbed soils in cycle #1
However, disturbed soil had a higher rate of soil respiration, emitting approximately 208 ppm of carbon
per hour compared to 198 ppm per hour (Figure 3).

each time temperature was recorded, and the trendline described 84.5% of the data. Likewise, carbon
levels in the natural chamber had a positive correlation with temperature rise, increasing by 47.8 ppm.
The coefficient of determination for this chamber was
70.7%.

Cycle Two
Throughout cycle #2, carbon levels in the recovering chamber increased by approximately 53.9 ppm

Figure 5: Influence of temperature on the release of carbon dioxide in cycle #2

59

COASTAL BLUE CARBON EMISSIONS OF SALT MARSH SOILS

Figure 6: Carbon levels relative to time in cycle #2
Carbon dioxide levels increased by 77.2 ppm per
hour in the natural chamber, while the recovering
chamber saw an increase of 48.6 ppm per hour, as
conveyed Figure 6. The coefficient of determination
was 90% for the recovering chamber and 96.1 % in the
natural chamber.

Figure 7 demonstrates that the undisturbed soil
emitted more carbon dioxide overall throughout cycle
#2, and the rate of soil respiration was higher than that
of the disturbed soil (Figure 5).
In summary, carbon levels increased with time in
the control chambers as well as all chambers in cycles
#1 and #2. The relationship between temperature and
soil respiration was positive for both disturbed and
undisturbed soil in both cycles. Undisturbed soil re-

Figure 7: Comparison of carbon levels for disturbed and undisturbed soils in cycle #2
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leased more carbon dioxide overall in both cycles,
however, the rate of soil respiration was higher in disturbed soil in the first cycle.

turbed soil saw a higher rate of respiration in relation
to time. However, due to the extended amount of time
between each recording, Cycle 2 did not offer an accurate representation of carbon flux. Carbon flux is
typically measured in intervals of no more than thirty
minutes, and carbon levels in Cycle 2 were measured
every two hours, making the data more unreliable
than the findings of Cycle 1.
Furthermore, over the course of the six hour thaw
in Cycle 1, both soils demonstrated an increase in carbon release over thirty minute intervals. Disturbed
soils had a higher rate of respiration, releasing 208
ppm of carbon per hour, as opposed to the undisturbed soil chamber, which saw a 198 ppm increase
in carbon levels per hour. This phenomenon was also
observed in a similar study, Macreadie (2015), which
determined that a disturbed blue carbon ecosystem
released 72% of carbon storage throughout 50 years
after the disturbance. The undisturbed soils saw a lower rate of respiration. However, the undisturbed soil
chamber contained the most carbon throughout the
experiment overall. According to the data, the natural
soil began the thaw with carbon levels at 1348 ppm,
while the recovering chamber started at 785 ppm.
There are a few possible explanations for this occurrence. As discussed in Persico (2017), these relatively
high measurements of carbon levels in undisturbed
chambers could be attributed to “enhanced benthic
diatom biomass and microbial turnover” (p. 65). Fundamentally, the plant matter and organic content of
the undisturbed soil was likely higher than the disturbed soil initially.

Discussion
To review, this study aimed to answer the question,
“to what extent does the carbon flux vary between
disturbed and undisturbed salt marsh soils when subjected to freezing and thawing cycles?” In order to
evaluate this, disturbed and undisturbed sediments
were collected from the same marsh and subjected to
freezing and thawing in an incubation experiment.
The change in carbon emissions for each group was
monitored over the course of the thaw. The results
suggested that the rate of soil respiration is higher in
soils recovering from a disturbance, while the natural
soils released a higher overall amount of carbon dioxide at a lower rate. This implies a relationship between
disturbances to salt marshes and the release of sequestered carbon during freeze/thaw events.

Meaning of the Results in the Context of the
Study
To analyze the results more in depth, an evaluation
of the relationship between temperature and carbon
emissions was necessary. In general, increasing temperatures lead to an increasing rate of soil respiration,
and therefore, a higher amount of carbon dioxide release. This is an idea expressed in many studies, such
as Meyer (2018) and Kim (2012), and is further supported by the results of this study. The rate of soil respiration increased with increasing temperatures for
both disturbed and undisturbed soils. Within the first
cycle, the natural sample saw an 86 ppm increase for
each degree Celsius increment. For the sample recovering from a disturbance, per degree Celsius increase,
the carbon levels rose by 121 ppm. This indicates that
disturbed soils release carbon more rapidly than untouched soils as temperatures increase. These results
contradict the findings of a 2017 study by Persico et
al., which discovered higher rates of soil respiration
in undisturbed soils, as opposed to soil that had faced
a disturbance caused by feral hog grazing. While
the results of Cycle 2 reflect the same relationship
between temperature and carbon release, the undis-

Implications, Limitations, and
Future Research
Not only does this study insinuate a relationship
between salt marsh disturbance and the rate of soil
respiration, but it also has more profound implications regarding the contributions of blue carbon ecosystems in either combating or amplifying climate
change. The study fills the gap of knowledge in understanding the effects of freezing and thawing cycles on
salt marsh soil respiration in the Mid-Atlantic region
of the United States. While there were existing studies that observed freeze and thaw in other ecosystems,
this study helps to demonstrate the correlation in blue
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carbon ecosystems. This may allow for a better understanding of the consequences of freeze/thaw events on
the abilities of wetlands to sequester and store carbon.
However, a field experiment on freeze/thaw events
and the impact of disturbances on soil respiration is
needed to effectively expand on the findings of this
study and broaden the understanding, as an incubation study can only represent the natural ecosystem to
a certain extent.
While this study suggests a relationship between
soil disturbance and respiration, alternative explanations could explain the higher rate of soil respiration in recovering soil. Variations in soil moisture,
salinity, nutrients, and heterotrophic components
could be attributed to these results. For example, although the disturbed and undisturbed samples were
collected within very close proximity to each other,
the sites were dominated by different plant species:
a larger population of Spartina alterniflora occupied
the disturbed area, and a larger population of Spartina patens occupied the undisturbed area. According to Greller (2010), a study on the carbon dynamics
and ecology of a salt marsh, S. alterniflora had higher
productivity levels than S. patens, with a net ecosystem production of 827 units compared to 503.4 units.
This could explain the higher rate of carbon release in
disturbed soil, especially due to the fact that samples
were not sieved and organic matter was maintained.
While sampling from the same marsh may have minimized the effects of these other factors, it is possible
that they had an effect on the rates of soil respiration.
The major limitations of this study begin with the
dilemma of sample collection, as soil sampling fundamentally disrupts the natural system. Therefore, it
could be argued that both the recovering and natural
soils had been disturbed in the research process. In
addition, this experiment does not take into account
other factors of climate change or environmental
factors characteristic to winter on the Mid-Atlantic
coastline, including increased rates of sea-level rise.
Due to the lack of access to a laboratory during the
COVID-19 pandemic, this study was conducted using a freezer and the room of a house, and therefore,
the conditions do not reflect the natural conditions of
the soils in a Mid-Atlantic salt marsh. A lack of appropriate equipment and a limited amount of time
prevented a field experiment from being conducted in
conjunction with the incubation study, which would

have been beneficial to verifying the results.
In regards to future research related to this topic,
a field experiment is imperative to fully understanding the scope of the issue. As mentioned previously,
sample collection disrupts the soils, and therefore, an
incubation experiment may not offer a clear representation of soil respiration in a natural environment.
Furthermore, a potential future study could investigate the impact of different types of disturbances, as
there are several that could potentially pose a threat
to stored carbon stocks and soil respiration, including
crab burrowing and human activity. Lastly, another
significant factor for future consideration is the impact of disturbances on carbon emissions based on
the severity of the disturbance. Both Persico (2017)
and Coverdale (2014) suggest that the severity of the
disturbance has an effect on the severity of the respiration rate, which would add to the understanding of
recovering salt marsh productivity.
The abilities of blue carbon ecosystems to sequester
and store carbon are known, but how do disturbances
impact this effort to combat climate change? This study
hints that disturbances to these ecosystems and rising
temperatures could be extremely detrimental to the
environment, converting salt marshes from effective
carbon sinks to sources of carbon emissions. According to Coverdale (2014), wetland disturbances heavily
contribute to the release of stored carbon back into
the atmosphere. In fact, “three decades of salt marsh
die-off, resulting from an indirect human impact, reversed centuries of carbon sequestration…”. Based on
the findings of this study, the rising temperatures that
have resulted from climate change likely amplify this
problem, due to the apparent increased carbon release
of recovering soils in the face of freezing and thawing
cycles. It is a detrimental positive feedback loop that
may not be halted until these ecosystems are protected
from disturbances and restored.

Conclusion
The results of this study confirmed the hypothesis
that disturbed soils would have a higher rate of respiration in conjunction with rising temperatures. However, the higher levels of carbon in the undisturbed
chamber were unexpected. Prior to this study, there
was a lack of existing literature on the freezing and
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thawing of wetland ecosystems, as well as salt marsh
productivity for the Mid-Atlantic region. This study
fills the gap in understanding for both of these concepts, and it adds to the discussion of disturbances
to blue carbon ecosystems and their implications towards climate change. The results of this study suggest that due to soil disturbances, wetlands that once
served as effective carbon sinks face the threat of becoming sources of carbon emissions. The application
of freezing and thawing cycles attempted to mirror
extreme temperature changes within these ecosystems, and point to a growing threat that could alter the
abilities of salt marshes to sequester and store carbon.
Only until we can grasp these complex relationships
can we know how to improve the state of our blue carbon ecosystems so that they can continue to serve as
effective carbon sinks.

63

COASTAL BLUE CARBON EMISSIONS OF SALT MARSH SOILS

References
Bertness, M. (1991). Zonation of Spartina Patens and
Spartina Alterniflora in New England Salt Marsh.
Ecology, 72(1), 138-148. www.jstor.org/stable/1938909.
Campbell, A. D., & Wang, Y. (2020). Salt marsh monitoring
along the mid-Atlantic coast by Google Earth Engine
enabled time series. PLoS ONE, 15(2), 1–23. https://doi.
org/10.1371/journal.pone.0229605
Coverdale, T. C., Brisson, C. P., Young, E. W., Yin, S. F.,
Donnelly, J. P., & Bertness, M. D. (2014). Indirect Human
Impacts Reverse Centuries of Carbon Sequestration and
Salt Marsh Accretion. PLoS ONE, 9(3), 1–7. https://doi.
org/10.1371/journal.pone.0093296
Gedan, K., Altieri, A., & Bertness, M. (2011). Uncertain
future of New England salt marshes. Marine Ecology
Progress Series, 434, 229-238. Retrieved September 29,
2020, from http://www.jstor.org/stable/24875453
Greiner, J. T., McGlathery, K. J., Gunnell, J., & McKee, B. A.
(2013). Seagrass Restoration Enhances “Blue Carbon”
Sequestration in Coastal Waters. PLoS ONE, 8(8), 1.
https://doi.org/10.1371/journal.pone.0072469
Greller, A. (2010). Salt Marsh Productivity. Memoirs of the
Torrey Botanical Society, 26, 102-111. Retrieved October
20, 2020, from http://www.jstor.org/stable/43391925
Macreadie, P., Trevathan-Tackett, S., Skilbeck, C.,
Sanderman, J., Curlevski, N., Jacobsen, G., &
Seymour, J. (2015). Losses and recovery of organic
carbon from a seagrass ecosystem following disturbance. Proceedings: Biological Sciences, 282(1817), 1-6.
Retrieved October 6, 2020, from http://www.jstor.org/
stable/24760956
McFarland, E., LaForgia, M., Yepsen, M., Whigham, D.,
Baldwin, A., & Lang, M. (2016). Plant biomass and
nutrients (C, N and P) in natural, restored and prior converted depressional wetlands in the Mid-Atlantic Coastal
Plain, U.S. Folia Geobotanica, 51(3), 267–283. https://doi.
org/10.1007/s12224-016-9239-y
Nixon, S., & Oviatt, C. (1973). Ecology of a New England
Salt Marsh. Ecological Monographs, 43(4), 463-498. www.
jstor.org/stable/1942303
Pidgeon, Emily, Jennifer Howard, Dorothee Herr, and
Kirsten Isensee. (2019). The Blue Carbon Initiative.
Accessed November 12, 2020. https://www.thebluecarboninitiative.org.
Samper-Villarreal, J., Lovelock, C., Saunders, M., Roelfsema,
C., & Mumby, P. (2016). Organic carbon in seagrass
sediments is influenced by seagrass canopy complexity,
turbidity, wave height, and water depth. Limnology and
Oceanography, 61(3), 938-952. doi:10.2307/26628460
Trevathan-Tackett, S., Kelleway, J., Macreadie, P., Beardall,

J., Ralph, P., & Bellgrove, A. (2015). Comparison of
marine macrophytes for their contributions to blue
carbon sequestration. Ecology, 96(11), 3043-3057.
Retrieved October 6, 2020, from http://www.jstor.org/
stable/24702430
Herbst, M., Tappe, W., Kummer, S., & Vereecken, H. (2016).
The impact of sieving on heterotrophic respiration
response to water content in loamy and sandy topsoils. Geoderma, 272, 73–82. https://doi.org/10.1016/j.
geoderma.2016.03.002
Meyer, N., Meyer, H., Welp, G., Amelung, W. (2018). Soil
Respiration and its Temperature Sensitivity (Q10):
Rapid Acquisition Using Mid-Infrared Spectroscopy.
Geoderma, 323, 31-40. Retrieved January 21, 2021, from
https://doi.org/10.1016/j.geoderma.2018.02.031
Tucker, C., Young, J., Williams, D., & Ogle, K. (2014).
Process-based isotope partitioning of winter soil respiration in a subalpine ecosystem reveals importance of
rhizospheric respiration. Biogeochemistry, 121, 389-408.
Retrieved January 7, 2021, from http://www.jstor.org/
stable/24717586
Wang, W., Shu, X., Zhang, Q., & Guénon, R. (2015). Effects
of freeze–thaw cycles on the soil nutrient balances,
infiltration, and stability of cyanobacterial soil crusts
in northern China. Plant and Soil, 386(1/2), 263-272.
Retrieved January 8, 2021, from http://www.jstor.org/
stable/24370710

64

COASTAL BLUE CARBON EMISSIONS OF SALT MARSH SOILS

65

ONTARIO’S PROVINCIAL FUNDING AND ITS RELATION TO THE POLIO EPIDEMIC

Follow the Money: Ontario’s Provincial Departmental
Funding from 1950-1959 and its Relation to the Polio
Epidemic
Jacob Buchan

What can we learn from past epidemics? Beyond consolidating medical history, investigating past
public health crises can reveal institutional successes; scholarly inquiry can unearth the sources
of these triumphs, providing guidance for current and future hardship. The academic community
is well-versed in the polio epidemic in Canada, but research gaps still remain; this ex post facto
analysis examines Ontario’s provincial department budgeting from 1950 to 1959, illustrating fiscal
priorities and governmental reactions to the polio epidemic. Three main factors — relative financial constancy, a lack of inflated funding for the Department of Health, and major investment in
non-polio related sectors — signal Ontario’s financial success during the epidemic. This budgetary victory coincides with the final downturn of Ontario polio cases, suggesting that a provincial
government with preexisting and robust medical infrastructure can weather an epidemic without
creating severe financial fallout.
Keywords: Polio epidemic, epidemic comparison, Ontario finance, provincial budget analysis,
financial analysis

Introduction
The opening two years of the 2020s have been
shaped by COVID-19. Though the reach of the coronavirus is unprecedented, mass disease outbreaks
have been common in history — as solutions are
sought, examining past health emergencies could
proffer insight for both the present crisis and future
plights. For epidemic aid, managerial insight awaits,
while retrospective study in general could anatomize
effective emergency management. In Canada, one of
the most recent widespread illnesses was the polio
epidemic. Though polio plagued Canadians throughout the early 20th century, it reached a crescendo in
the 1950s and prompted decisive government action:
with 9,000 infected Canadians in 1953, the University
of Toronto’s Connaught Medical Lab embraced a central role in the first polio vaccine’s development (Rutty

et al., 2005). While this immense contribution led to
a thorough documentation of federal politics and the
disease’s medical history, certain aspects of provincial
response remain unilluminated. One of these facets
currently uninvestigated is the fiscal history; tracking a provincial government’s financial records would
elucidate bureaucratic response to the polio crisis. The
question remains: how did the Ontario government’s
departmental funding from 1950-1959 relate to the
polio epidemic? This retrospective analysis seeks to
answer that query and clarify this part of Canadian
history. The ten-year time frame encompasses the
building epidemic, its peak in 1953, and the years that
followed. The digitally archived Journals of the Legislative Assembly — the Ontario government’s sessional
transcripts — provided the department budget data
from 1950 to 1959. With this wealth of government
data and historical context established with the exist-
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ing literature, this study illuminates a currently uninvestigated aspect of Canadian history, and exposes the
flow of funding in and around a time of crisis. The research lends itself to a myriad of contemporary applications, first and foremost as an historical reference.
In addition to informing speculation about Ontario’s
fiscal response to current and future epidemics, this
study simultaneously explores the determinants of effective crisis management.

— and the 1950s, in particular — is a highly relevant
period for retrospective and historical analysis.
Pertinence of Financial Analysis
Academic works on Canadian healthcare boast a
variety of analytical approaches. Some focus on qualitative methods, determining opinions and public perception of government investment (Silva et. al, 2012).
Others, like Dupre (1993), mixed qualitative historical
overviews with empirical data from financial records;
his findings challenged the conception that Ontario
out-spent Quebec throughout the 19th and 20th centuries, and called for a thorough re-examination of the
academic literature. His strong conclusion reinforces
that financial investigation is an especially practical
mixed-methodology: beyond assessing physical infrastructure (i.e. hospitals, facilities, staffing, etc.), tracking funding is a viable way to identify trends; the data
are typically easily accessible in government records
and reveal institutional priorities. Past works, like that
of Deber & Swan (1999), have reviewed health expenditures’ political implications, while others focus on
vaccine-related funding (Priscilla et al. 2007). Some
recent examinations take a different approach: scholarly works like those of Dahlby and Smart’s (2015)
publication underscore the virtue of effectively and
transparently structured provincial budgets. This use
of financial analysis is echoed by the work of ButlerJones (2009), who examined Canadian disease outbreaks, healthcare response, and financial investments
to clarify successes and necessary alterations — his indepth analysis led him to assert that funding strong
legislative and medical institutions (with robust communication between the two) will best prevent health
crises amongst Canadians. This conclusion endorses
broad fiscal analysis; yet the work of Alvin Ho-ting
Li et. al (2020), who investigated funding in order to
determine the success of Ontario hospital reforms,
demonstrates that the methodology can also translate
to focused examinations. Other scholars have delved
even further into financial analysis, using expenditure
breakdowns to gauge the priority of specific areas of
healthcare in Ontario (Duncan et al, 2019). While
many methods of historical analysis are useful, the
critical examination of funding provides practical insight: relating spending trends to any phenomena —
medical or historical — is a shrewd method of evaluating resource distribution.

Literature Review
Historical Significance
While polio was present in Canada throughout
the early 20th century, the 1950s were medically significant years. Increasingly severe outbreaks in the
late forties prompted the proactive National Health
Grants in 1948 and laid the foundation for modern
federal healthcare systems (Mulder, 2001). The University of Toronto’s Connaught Medical Lab provided
major resources and research efforts in developing
Jonas Salk’s polio vaccine, which was pivotal in establishing Canada’s international medical presence
(Rutty et. al, 2005). The work on vaccines in particular
emphasized the viability of immunization, steering
the course of Canadian health measures towards longterm investments (Butler-Jones, 2009). The epidemic
reframed healthcare as a major consideration for provincial governments, as health, education, and welfare
came to make up roughly 50 percent of Ontario expenditures (Dupre, 1993). The severity of polio and
its prominence in the public sphere generated government reevaluations of health insurance in the country
— the first conversations in 1955 between federal and
provincial legislators evolved into provincial universal
healthcare plans over the next decade (Simner, 2020).
Indeed, in regard to policy and healthcare funding
in 1957, Iglehart (2000) claims “cornerstone” choices
were made.
The 1950s was consequential in the timeline of Canadian history. The academic world is well-versed in
many aspects of the Canadian polio epidemic, though
scholars predominantly examine medical history,
such as Arya & Agarwal’s (2010) investigation of polio
immunity in Ontario. As emphasized by the works of
Dupre (1993) and Iglehart (2000), the polio epidemic
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Gap Analysis
Research on government fiscal history — and
healthcare budgeting, in particular — is split by a
general divide: one collection focuses on qualitative
history, while the other relies on purer quantitative
analysis. The fulsome and accessible overview of polio in Canada by Rutty et al. (2005) provides rich historical understanding, whereas Dahlby and Smart’s
(2015) examination of provincial budgets yields precise empirical insight. MacDougall (2007) combines
aspects of both approaches to analyze the efficacy of
Toronto’s health department in both the influenza
pandemic in 1918 and the SARS outbreaks in 2003.
With these general trends of research in mind, a gap
remains: no works have analyzed the polio epidemic
in Ontario with provincial funding analysis. Although
Ontario crisis management has been researched by
scholars like Henstra (2011), they lack empirical data,
while highly focused financial dissections like that of
Hutchison et al. (2003) are without historical emphasis.
Mixed-method studies are, in some cases, present on
Canadian/Ontarian healthcare: various scholars have
attempted to identify the roots of health expenditures
through financial examinations (Bilgel & Tran, 2013;
Di Matteo, L., & Di Matteo, R., 1998) — yet the specific combination of provincial funding analysis with
the historical examination of polio is unexplored. This
study is particularly aligned with the work of Manuel
et al. (2019), who used government expenditures to
investigate Ontarian society, but focused on socioeconomics and lifestyle choices in recent years. Even the
work of Ruckert et. al (2015), exploring Ontario’s past
health expenditures, also examines contemporary
life, looking at the 1990s onward. Conversely, Battles
(2017) mapped the socioeconomic distribution of
polio cases in the first half of the 20th century. As a
general assessment of currently published works, the
history of polio in Canada, and specifically, the medical history, has been well-documented. Similarly, Canadian and Ontarian expenditure analyses have been
a prominent research topic, most even using their
findings to draw conclusions about healthcare efficacy. None, however, examines the Ontario government’s finances in the 1950s or discusses the findings
through the lens of the polio epidemic — reinforcing
the need to answer the research question, “how did
the Ontario government’s departmental funding from

1950-1959 relate to the polio epidemic?” This study
complements the works currently circulating in the
academic conversation, providing a clarified view of
financial changes, a discussion of their historical implications, and conclusions about the contemporary
uses for such insight.

Methodology
Mixed-Method Research
A mixed-method approach is well-suited to establish the historical relevance of empirical data. This
synthesized approach combines quantitative and
qualitative analysis, providing balance and flexibility in drawing conclusions (Creswell, 2014). Mixedmethod studies add nuance to inquiry; they combine
the clarity of a quantitative approach with the potential for interconnected insight from qualitative conclusions. This pluralist quality is key for this study: the
data consolidation constitutes the primary research,
while the suggestion of trends and discussion of relevance expounds the value of the findings.

Examples of Scholarly Approaches
This study’s specific design is best defined as ex post
facto research, where collected data on a past phenomenon is examined for possible relationships between an event and its consequences. The ex post facto
archetype is a common approach; several works using
government data collection utilize this methodology
— their work stood as a guide for this study. The primary demonstration of a focused ex post facto study is
Xie and Wang’s (2019) investigation, which examined
the funding of anti-pollution initiatives and the levels
of three air pollutants in Beijing from 2006 to 2015.
They retrieved their data from the Beijing statistical
yearbooks, an open-source government database.
After preliminary discussion, the scholars developed
several comparative graphs, charting the levels of air
pollution with the government spending. Based on
their models and the general trends they identified,
Xie and Wang (2019) were able to draw conclusions
about the government’s efficacy in reducing air pollutants. Other studies, like that of Ercolano and Romano (2018), take an even deeper dive into examining
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government expenditures: the researchers collected
data from 21 European countries and organized their
spending records into multiple categories. Utilizing
similar data analysis to Xie and Wang (2019), the
scholars created models of the data and drew their
conclusions about European pollution investments.
Both works were referenced to guide the methodology of this study.

Design: Data Collection and Analysis

Department of Agriculture
503890

Agricultural or Horticultural
Societies Branch

710600

Agricultural Representative Branch

799460

Co-operation and Markets Branch

45300

Crops, Seeds and Weeds Branch

143805

Dairy Branch

228300

Farm Economics Branch

77485

253760

Live Stock Branch

82500

Milk Control Board of Ontario

81810

Northern Ontario Branch

700000

Excel similarly provided the graphical representation: using the department totals, a line graph tracked
the progression of health funding from 1950 to 1959,
and pie charts for each year compared every department’s proportional makeup of the total budget (see
Appendices K-U). These changes indicate changes in
the stature of the Department of Health, but also indicate what government departments were depleted or
boosted as a result.
To improve accuracy, the data from 1951-1959
was converted to account for inflation. Using the
Bank of Canada’s Inflation Calculation (whose data
are retrieved from Statistics Canada), these financial
forecasts were adjusted to approximate their worth in
1950; this streamlined the pattern identification. An
ensuing content analysis of the data used graphical
representations and models to represent how provincial funding — with particular respect to healthcare
— changed during the polio epidemic.
A thorough discussion of the trends outlined how
government priorities shifted from 1950 to 1959. Notable events, such as significant department growths
or depletions, long-term trends in budget priority,
and dramatic funding redistributions, were crossreferenced with the historical literature to suggest the
implications; similarly, historical events (like polio
case-load fluctuations) not reflected in the financial
changes promoted hypotheses and potential historical
explanations.

Using the archived Journals of the Legislative Assembly, this study scrutinized the Committee of Supply
Reports for the Ontario provincial government for every fiscal year from 1950 to 1959. These sections list the
budget for each provincial department’s sub-branches
for the financial year (beginning in April). In addition
to the budgets, this study also analyzed the supplemental funding included in the Committee of Supply
report: these amounts are granted as defrayal for unforeseen expenditures in the previous budgeting period. These budget data were manually transcribed into a
Microsoft Excel file: the program is designed for a data
coalition and it enabled mathematical manipulations
— for each year in the decade, sub-branch budget data
were tabulated to determine every department’s total
funding; these totals were used in this study’s analysis.
Below is an example of the collated data (full tables can
be found in Appendices A-J):

Main Office

Fruit Branch

Findings
Department of Health
The archived budget reports, while somewhat abstract in isolation, reveal useful trends when compared. The Department of Health’s funding is particularly pertinent to this study’s examination: Figure 1
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illustrates the progression of funding for the Department of Health from 1950 to 1959. The values from
1951 onwards were curved with their respective rates
of inflation — adjusted to reflect a sum equivalent in
value to 1950 Canadian dollars, which mitigated the
presence of misleading spikes in the linear model. The
general upward trend over the ten-year period is attributable to total provincial revenue growth as the
population increased.
Notable aspects of the Department of Health’s
funding include the upticks from 1951-1952 and
1957-1958, as well as the plateaus from 1952-1953 and
1956-1957. These features represent significant financial changes — all referenced sums have been adjusted
to match their value in 1950 CAD. The first spike represents a stark funding gain between the two years: an
increase from $35,849,454 to $46,322,155. Following
the roughly ten and a half million-dollar upsurge is
a fiscal drought, as the Department of Health gained
only three million dollars from 1952 to 1953. This
moderate increase generally reflects the department’s
yearly gain over the next four years — more dramatic
change occurred again between 1957 and 1958, as

funding rose from $56,592,221 to $66,353,495. This
second ten million-dollar increase preceded the final plateau of the decade, where the Department of
Health experienced only a two million-dollar increase
from 1958 to 1959.

Budgetary Makeup
On a yearly basis, the most illuminating graphics
are budgetary pie charts representing the percentage of the provincial budget each department made
up and proportional to one another within each year.
These charts illustrate a relative “ranking” of departments against one another based on funding (and presumably, usage), and depict the evolution of budgetary priorities over the 1950s.
Figure 2 represents the budget-breakdown in 1950.
In a distribution that changes dramatically over the
next ten years, the Department of Education and the
Department of Public Welfare each make up a quarter
of total funding. The Department of Health is the third
largest, making up 16.14% of government spending,
followed by the Department of Public Works at 8.79%.

Figure 1: Department of Health Funding, 1950-1959 (Adjusted for Inflation)
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Figure 2: Ontario Provincial Department Funding, 1950

All other departments make up increasingly smaller
portions of the budget, and collectively only constitute
25.25%.
This fiscal distribution carried on through 1951,
with marginal increase for the Department of Health.
Figure 3 shows how the distribution is disturbed in
1952, as the Department of Education grew to 28.90%,
the Department of Health rose significantly to 20.32%
(becoming the second largest department), and the
Department of Public Works rose to 9.62%. All these
increases siphoned funding from the Department of
Public Welfare, which plummeted 14% to make up
only 10.93% of the budget. Still, the following year
brought more dramatic change: Figure 4 shows the
funding distribution in 1953 and the major investment in the Department of Highways.
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Figure 3: Ontario Provincial Funding, 1952

As figure 4 shows, the Department of Highways
came from a miniscule 1.82% to make up over a third
of the entire provincial budget at 34.20%. This leap
established a new budgetary hierarchy, as highways
remained the largest provincial investment in the
following years. The rise was not without cost, as the
Department of Education fell nearly 10% to 19.79%,
the Department of Health dropped to 14.09%, and the
Department of Public Welfare fell to 6.83%, losing its
position as one of the four largest departments.
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Figure 4: Ontario Provincial Funding, 1953

The distribution of funding in 1953 remained
largely unchanged in following years. The Department
of Highways hovered around a third of the budget,
reaching its zenith in 1956 at 36.23% and declining
to 30% in 1959. The Department of Education rested
around 20%, generally fluctuating inversely with the
Department of Highways: it experienced an uptick by
2% in 1959. The Department of Health ebbs and flows
with the size of the Department of Public Works, as
the two sat as the third and fourth largest departments
in 1953. The Department of Health made a moderate
decline after 1953 — it fell to 12.24% in 1955, 10.85%
in 1957, and rested around 9.93% in 1959. The Department of Public Works overtook the Department
of Health twice, once in 1947 and again in 1959. Figure 5 shows the final budgetary distribution in 1959:
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Figure 5: Ontario Provincial Funding, 1959

Discussion
This consolidation of provincial budgetary data
revealed interesting trends: changes in departmental
funding give insight into the government’s evolving
legislative priorities. In 1950, the government invested over 25% of its budget in public welfare; by 1953,
the Department of Public Welfare made up a miniscule 6%. This severe drop was caused by the explosive
funding increase for the Department of Highways in
the same year, which jumped from 1.82% to 34.20%.
Though all departments had their funding curtailed,
the Department of Welfare was seemingly sacrificed,
and illustrates the province’s movement away from
provincially-funded welfare.
The sudden expansion of the Department of Highways tells of the burgeoning Ontario transportation

program in the 1950s: the government invested heavily in long-term roads and highways within the province. This transportation program was a landmark in
Ontario’s legislation, and speaks to the sociological
history of the province — Ontario’s population grew
by 10,000 per month, and automobiles were increasingly affordable and popular; the investment in highways and modernized roads was a proactive decision
(Government of Ontario, 2013). The specific funding
jump in the budgets can be attributed to the 400-series
highways whose development commenced in 1953.
The Department of Highways occupied a third of the
budget for the rest of the decade, likely reflecting the
continued expansion of Ontario transportation.
The less dramatic developments of Ontario spending have equally important implications: the yearly
changes to the Department of Health’s funding have
various relations to the events of the polio epidemic.
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The most significant increases to the Department of
Health’s proportional and gross funding occurred in
1952 and 1956; these extra funds both proved necessary, as they preceded the polio case peak in 1953 and
the smaller “second wave” in 1957 (Barreto & Rutty,
2002).
These fluctuations, though miniscule as compared to the Department of Highways, are potentially
more insightful: the province did not have a universal healthcare program in the 1950s, which suggests
funding would only be increased during particularly
severe events. The Department of Health financed
the general maintenance of hospitals and medical facilities, both public and private, while physicians, doctors, and treatments were covered by private healthcare insurers like the Ontario Blue Cross; indeed, over
65% of Ontarians had comprehensive hospitalization
insurance during the polio epidemic (Simner, 2020).
The provincial Department of Health’s funding up-

ticks preceding each case-surge year are telling; since
polio-specific equipment, like the ‘iron lung’ breathing apparatus, was purchased by the provincial government (Rutty et. al, 2005) alongside facility upgrades like increased sanitary measures, extra hospital
beds, and excess personal protective equipment, the
funding increases most likely reflect polio-prompted
investments. This increased governmental involvement seems to indicate that private insurers alone
were insufficient in mitigating polio, or at least that
polio eradication was a high provincial priority.
While the Department of Health’s funding varied
throughout the 1950s, its overall size proportional
to other departments steadily decreased. This downsizing for the Department of Health coincides with
case-load drops; diminished spending and diminished illness paints Ontario’s polio crisis as a managerial success. The following bar graph from Rutty et.
al (2005) delineates Canada’s polio cases, noting key
events like the introduction of vaccines, and high-

Figure 6
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lighting provincial case spikes throughout the 20th
century. After 1953, the distinct lack of Ontario case
surges suggests swift and successful control of the epidemic — effective enough to warrant the decline in
the Department of Health’s proportional funding.
Though these sections of the data link neatly to
the historical events, others have more complicated
relationships. Unexpectedly, the data from this study
contradict a primary claim by Rutty et. al (2005). The
scholars’ work, Conquering the Crippler: Canada and
the Eradication of Polio, is the definitive text on the
history of polio in Canada. Renowned in the academic community and a staple in the Canadian Journal
of Public Health, the comprehensive work follows the
national eradication of the disease in the 20th century.
Rutty and his co-authors attribute the successful prevaccine control of the epidemic to three factors, first
among them federal and provincial “disease management and the provision of social supports for polio
victims and their families.” This claim should be reflected in the provincial budgets: the referenced initiatives likely would descend from the provincial departments of health and public welfare, so respective
funding increases would be expected. Yet the data reveal that throughout the polio epidemic in the 1950s,
the Department of Health declined in proportional
funding and the Department of Welfare experienced
a severe budgetary drop. The conflict runs deeper, as
Rutty et. al (2005) claims the situation began to stabilize in 1953 after the case spike prompted greater governmental involvement; conversely, by 1953, Ontario’s
Department of Health dropped 6% in their proportional budget with only a marginal increase in their
gross funding (likely from the growing population’s
added government revenue), and the Department of
Public Welfare had nearly disappeared from the budget after falling 18% in proportional funding in three
years.
Despite the stark clash, the claim in Conquering the
Crippler could have excluded Ontario, which was not
specifically named in that study; funding for the referenced programs could have come from other sources.
For example, the Canadian Foundation for Poliomyelitis, widely known as the Ontario March of Dimes
Campaign, raised millions of dollars for polio victim
rehabilitation, support for their families, and vaccine
research (Gerl, 2016). Similarly, Toronto’s Connaught
Medical Laboratory — the centre for the province’s

public health network — could have provided the disease control efforts that Conquering the Crippler references; the lab received some provincial funding but
was bolstered by charitable donations, American research funding, and Canadian federal grants (Marks,
2011). Both of these programs would have eased the
financial burden on the provincial government, and
possibly account for lack of provincial budgetary increase, yet Rutty’s reference to “several provincial
governments” without explicit reference of Ontario
leaves the answer uncertain. This ambiguity could be
resolved with future research into the specific financial relationship between the provincial government,
Ontario March of Dimes, and the Connaught Medical
Lab.

Conclusions
While the specific funding changes have a variety
of implications — affirming some notions while contradicting others — the overall trend in the government data bears the most interesting insight: from a
budgetary perspective, the Ontario government was
not impaired by the polio epidemic. The Department
of Health’s proportional funding marks the success:
it did not dominate the budget during the crisis.
Even during the case-spike years in 1953 and 1959,
healthcare funding did not significantly disrupt the
hierarchy of budget distribution. The funding for the
Department of Health, experiencing a net decline of
6.21% from 1950 to 1959, coincided with the final
downward trend of polio cases in Canada: the late
fifties were the last surge-period for polio in Canada
(Rutty et. al, 2005). The correlation suggests the decade was both a medical and fiscal success for the provincial government.
The financial constancy is likely a result of how
many institutions were involved in the polio effort
— the presence of multiple organizations distributed
the cost of the epidemic without severely depleting
any one of them. While the provincial government
oversaw most of the polio containment measures
and financed medical facility maintenance, private
insurance paid for most Ontarians’ hospitalization
(Simner, 2020). Even as the country began its gradual
shift to government-funded healthcare, the federal
government financed 50% of hospital care through
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the Hospital Insurance and Diagnostic Services Act
of 1957, which further reduced the provincial burden (Blankenau, 2001). The Ontario March of Dimes
covered swaths of polio rehabilitation in the province,
and similarly contributed to vaccine development at
the Connaught Lab. Vaccine distribution ultimately
ended the epidemic, and its funding largely came
from the Canadian federal government and American
investors, both public and private (Rutty & Sullivan,
2010).
Generally, the annual financial stability and overall
diminishment of the Department of Health indicates
that a provincial government can control an epidemic
without incurring substantial deficits. Specifically, the
historical context provides a more nuanced conclusion: while vaccine development is obviously paramount, epidemic control can be best financially weathered when borne by multiple institutions. Ranking the
efficacy of each organization involved in the Ontario
polio epidemic — charitable campaigns, private insurance, and federal grants — is beyond the scope
of this study, but their presence in general provided
the cost distribution that enabled Ontario’s budgetary
constancy and allowed it to simultaneously invest in
long-term transportation projects. Mitigating budget
inflation is essential, as excess funding in one sector
can deplete resources for other vital departments; as
Ontario’s 1950s financials indicate, the presence of
robust, prepared, semi- and fully-independently financed medical entities could potentially lighten provincial containment costs in future epidemics.

2005; Public Health Ontario, 2021). Adjusted for population growth, polio affected 0.045% of Ontarians in
1953; COVID-19 infects 3.10% of the province today
(Statistics Canada, 2018; Statistics Canada, 2021). Despite COVID-19’s greater transmission, it is much less
virulent than polio — scholars Hamborsky, Kroger, &
Wolfe (2015) note polio’s remarkably high fatality rate
of 5-10%, whereas COVID-19 is fatal for only 1.75%
of Ontario infections (Statistics Canada, 2021). Future
research should consider how this disparity between
transmissibility and lethality determines necessary
containment and treatment measures — and to what
extent this would alter demand for funding and resources. Such an investigation would assess the current efficacy of the Ontario government’s prevention
measures; determining if aspects of the polio approach could be applied today has the potential to
optimize expenditures (thereby reducing provincial
debt).
Another critical factor is the disparity between
the polio-era budget and current healthcare funding:
generally speaking, the Department of Health occupied between 10% and 20% of the Ontario budget in
the 1950s, whereas the 2021 Ontario budget vests the
Health Sector with 35% of the expenses (Government
of Ontario, 2021). This variance is largely caused by
the Ontario Hospital Insurance Plan: since 1966, Ontario has facilitated a universal healthcare program,
and now covers the costs of doctors and most medical treatments, which had been funded by private insurance in the 1950s (Government of Ontario, 2021;
Simner, 2020). The increased healthcare expenses are
also caused by the provincial government’s proactive
spending, investing $3.2 billion in excess personal
protective equipment, intensive care beds, and general
expanded hospital occupancy and capacity (Government of Ontario, 2021). While largely preparatory,
this investment is also compensating for the strain on
resources from the start of the pandemic. This situation differs from the polio epidemic, as while initial
shortages of iron lungs struck the province, Ontario
was relatively equipped to combat polio (Rutty et. al,
2005), whereas COVID-19’s sudden and extensive
spread across the province pressured existing systems.
Future research could still find promise examining the
development of Ontario’s medical infrastructure (like
the 1986 privatization of the Connaught Medical Lab)
to compare contemporary resources and capabilities

Implications and Future
Directions
Taken at face value, these conclusions bode well for
current and future disease control in Ontario — since
the polio-era data reveal a decade of financial stability
(even at the apex of the crisis), future success might be
achieved with a similar governmental approach. Yet
critical differences exist between polio and the contemporary crisis with COVID-19, both with the diseases themselves and the configuration of healthcare.
Firstly, the scales of the illnesses differ: Ontario’s polio
caseload peaked at 2239 cases, whereas COVID-19
infections as of April 26, 2021 stand at 452,126, and
projections could see the total rise higher (Rutty et. al,
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with those of the polio epidemic. As the government
makes proactive investments, scholarly inquiry would
be effective in suggesting how Ontario’s network
should (or should not) be remodeled to mitigate the
severity of future epidemics.

Limitations
As noted, this study’s mixed-methodology has demonstrable benefits, but qualitatively analyzing empirical data has its drawbacks: for conclusions to be
meaningful, the data must be precise and extensive.
This study relied on primary source material — beyond the main Committee of Supply reports, the
Journals of the Legislative Assembly record numerous minor instances of financial grants and defrayals
in any given session. These small grants varied yearly,
whereas the Committee of Supply reports are detailed
and consistent, and specifically catalogue funding to
each department’s branches alongside supplemental
finance. This study only analyzed the latter, for reasons of clarity and efficiency — though the minor
grants and defrayals were deemed to be negligible for
their consistently small sums, their exclusion could
have limited the scope of the findings.
In terms of analysis, this study was constricted by
the limits of the budgetary trends. Non-empirical
records, like bill proposals and hearings, would have
provided similar insight into the Ontario government’s priorities and justification for their choices.
Other financial records, like health insurance rates,
the self-sufficiency of existing medical infrastructure,
direct federal grants to hospitals and medical facilities, and the influence of non-governmental institutions could reevaluate this study’s findings.
Lastly, this study focused on the polio epidemic,
while other significant historical events and political
agendas also occurred in the 1950s: the noted Ontario
transportation program is one facet of a larger societal mechanization — another viable lens for analysis
would be industrial, as 1950 saw the connection of the
Enbridge pipeline from Edmonton to Ontario, ushering in a new era of fuel usage in the province (Scott,
2013). This angle or any other historical slant could
shed further light on Ontario’s budgetary phenomena
in the 1950s and even dispel misinterpreted claims.
While these limitations open avenues for further

research, this study’s investigation of Ontario’s financials in the polio epidemic is revealing. It delineates
the province’s financial stability during the epidemic,
and underscores the vitality of layered medical institutions and funding in dispersing costs and limiting
provincial debt. This study takes a useful step into the
domain of retrospective budgetary analysis and adds
new material to the repertoire of the academic community.
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Cognitive Processing and Sensitivity
in Relation to Reaction Times to External Stimuli
Bettina Wagner

Sensory Processing Sensitivity (SPS) is possessed by fifteen percent of the world’s population.
Awareness of this innate personality trait in the Highly Sensitive Person (HSP) population has been
found to be life-changing and empowering, but knowledge regarding the trait is limited and further
study would prove beneficial to those who are and are not highly sensitive alike. The aim of this
study was to investigate a potential correlation between reaction times to external stimuli and levels
of cognitive processing. Through the creation of the Wagner SPS Survey, distinctly highly sensitive
individuals were identified. Choice-reaction time testing was then performed through a constructed
Raspberry Pi apparatus, and a subsequent statistical analysis determined a correlation between the
variables. The results of the study validate the hypothesis that there exists a correlation between
levels of cognitive processing and reaction times to external stimuli, with deeper cognitive processing positively correlated with slower reaction times.
Keywords: Sensory Processing Sensitivity; Wagner SPS Survey; Highly Sensitive Person; Reaction
Time Test; Deep Processing

Introduction
Over the past two decades, researchers have begun
to shed light on a personality trait that is estimated
to be possessed by only fifteen percent of the world’s
population. Those with the trait Sensory Processing
Sensitivity (SPS) are labeled as the Highly Sensitive
Person (HSP), best determined through the Highly
Sensitive Person Scale (HSPS). The term high sensitivity originated in the 1970s from Wolfgang Klages,
who argued that the stimulus threshold of the thalamus is much lower in highly sensitive individuals.
From a biological standpoint, Klages asserts that a

lower threshold allows for incoming signals to pass
unfiltered from afferent nerve fibers to the cerebral
cortex. Nearly forty years later, E. Aron and A. Aron
expanded on Klages’ statements and began to explore the HSP holistically. Elaine Aron, co-creator of
the HSPS, was inspired to start researching sensitivity after having studied Carl Jung’s concept of innate
sensitivity - a period in time when the trait was still
referred to as hyperactive emotional syndrome and
neurasthenia. Aron has since explored the SPS trait in
the context of life experiences, affirming that the trait
refers to the tendency to process stimuli and information more strongly and deeply than others through
the sensory processing of “aesthetic experiences, oth-
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er people’s mood and feelings, loud noises, caffeine,
and pain” (Grimen & Diseth, 2016). Multiple studies
have found that HSPs rate the awareness and knowledge of SPS to be life-changing and empowering in
managing life, careers, and study, but the information
on this personality trait is limited and further study
would prove beneficial to those who are and are not
highly sensitive alike. This researcher hypothesizes
that there exists a correlation between levels of cognitive processing, as identified through varying levels of
sensitivity, and reaction times to external stimuli. The
study will examine past literature on the HSP, processing level models, and reaction time experiments.
The researcher expects to find a causal effect between
slower reaction times and a higher level of sensitivity
exhibited by the HSP, as these individuals are deeper
processors that may require moments of inhibition to
process stimuli.

Kazimierz Dabrowksi, “All gifted individuals display
symptoms of increased psychoneurotic excitability,”
which is a factor in the Big Five Inventory (BFI), a
scale that has been extensively analyzed in relation to
those who are highly sensitive (Rinn et al., 2018). It
stands to reason that sensory aspects may be highly
relevant in the high IQ-population. A similar study
led by Anne Rinn determined that gifted children
have been found to develop sensory skills earlier than
typically expected. Their physiological development
and intellectual development interact and can develop
asynchronously so that physiological mechanisms develop later than intellectual mechanisms. Subsequently, Rinn discovered that the order of development
may lead to a problem with interpreting or processing
some forms of sensory input. Thus, the purpose of the
present study is to determine if slower reactions are in
fact a substrate of deeper processing.

1.1 Sensory Processing Sensitivity (SPS)

1.2 The Highly Sensitive Person Scale
(HSPS)

SPS is an innate, or genetically inherited, personality trait that both nonhuman and human species experience. The trait involves inter-individual differences
in responsiveness, flexibility, reactivity, and sensitivity
to the environment (Booth et al., 2015). Specifically,
high sensitivity is a reflection of humans responding
more to the environment, and the resulting genetic
sensitivity of the nervous system may be regarded as
a survival tactic. In reference to Klanges’ assertion
on HSPs and low thresholds, these individuals notice
more subtle variations in information (Smith et al.,
2019). Further, when faced with new stimuli, HSPs
either adopt an approach and explore strategy, or a
cautious avoidance strategy.
Corina Greven expanded on the trait and concluded that SPS is first indicated by an increased awareness
of sensory stimuli, and secondly by the existence of
a deeper processing of internal and external stimuli.
Thirdly, Grevin’s function magnetic resonance imaging (MRI) validates highly sensitive individuals having greater activation of brain areas having to do with
the processing of both visual stimuli and information
the brain already has (Greven et al., 2019). These findings prove that HSPs experience moments of inhibition in order to process cognitive information.
Additional research studies the SPS trait among
high-ability and gifted individuals. Per the research of

The HSPS is a 27-item three-dimensional construct
created by Aron and Aron (1997) in order to measure
SPS through subtle individual differences (Smolewska
et al., 2005). Neuropsychologist Kathy Smolewska
found that this scale supports a three-component
structure (Smolewska et al., 2005). The scale accounts
for the components of aesthetic sensitivity, known as
the awareness of aesthetics in one’s surroundings; low
sensory threshold, which is unpleasant sensory arousal; and ease of excitation, described as experiencing
overwhelming feelings in response to internal and external factors (Grimen et al., 2016).
Further evaluating the usefulness of the HSPS,
Heather Smith found that Aron and Aron’s original
scale showed evidence of adequate internal consistency, concurrent (external) validity, and structural
(internal) validity of scores through cross-analysis
(Smith et al., 2019). Meaning, Smith’s findings warrant the use of the HSPS as an appropriate screening
tool in clinical practices, as it has the potential to reduce the risk of confusing diagnostic symptoms and
disorders with normal temperament characteristics.
Importantly, the researcher of the present study found
that the wording of many survey questions on the
subscales reflect an intensity of processing, an integral
aspect of the HSP.
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1.3 Levels of Processing (LoP) Model
Craik and Lockhart (1972) introduced the LoP
model in order to explore a correlation between depth
of processing and memory. In simplest terms, the LoP
model demonstrates how the way that information is
encoded affects how it is retained in memory. Craik
and Lockhart maintained that shallow processing can
appear through both structural and phonemic tasks,
which include physical appearances and sound qualities. Deep processing can appear through semantic
tasks, which requires meaning to be derived from
what is seen and heard. To conclude the study, Craik
and Lockhart described that the depth of processing
stimuli results from the time and effort spent processing. The present study measures conscious processing, and so it is notable to recognize that this LoP effect is observed in the visual cortex and is mediated by
attention-to-task components.

1.4 Deeper Processing in Relation to the
Highly Sensitive Person (HSP)
Highly sensitive individuals are attributed with being intrinsically deeper processors, and what was once
a speculation by Aron and Aron can now be seen in
function MRI studies. Craik and Lockhart established
that semantic processing is a form of deep processing, and Bianca Acevedo found the area of the brain
that is responsible for this processing. In Acevedo’s
study, the middle temporal gyrus (MTG) was found
to be the semantic hub for language, auditory, and visual processing (Acevedo et al., 2014). This stronger
activation of the MTG area of the brain, in association with higher scores of sensitivity, further validates
the theories of SPS research that describe how HSPs
display greater awareness and responsivity to stimuli
(Acevedo et al., 2014). As a result of this activation,
HSPs process semantically at a greater rate. Semantic
processing as a result of deeper encoding (processing)
serves as the biological reason for deeper processing
in HSPs. Kaaryn Cater has observed that since HSPs
tend to process on a deeper level and subsequently
take longer to process the information, it might initially present as a lack of understanding in the HSP
(Carter, 2016). Although Grevin’s initial findings support Cater’s findings, these two studies would be further bolstered by examining the relationship between

reaction times and the types of processing that were
explored.

1.5 Reaction Time
Reaction time is defined as how quickly a stimulus
is responded to. Importantly, reactions that involve
only a receptor and effector occur at an increased rate
compared to those that require levels of processing to
occur in the brain, and the somatic reflex is involved
with the brain and its reaction times (Gandhi et al.,
2013). According to Dr. Pritesh Gandhi, predominant
factors that may influence reaction times include age,
gender, personality type, and whether the stimulus is
auditory or visual. Specifically, Robinson and Tamir
(2005) found that college students displaying neuroticism, one of the Big Five personality traits, had more
variable reaction times than other peers (Gandhi et
al., 2013). SPS, although relatively distinct from neuroticism, still maintains a positive correlation with
the Big Five personality trait, and so it is possible that
highly sensitive individuals will also display across an
array of reaction times. However, this area of research
is vague, and a causal relationship among specific personality traits, processing levels, and reaction times
has yet to be defined.
Finally, a few concepts should be discussed in order to better understand reaction times and stimuli.
Choice reaction time experiments involve multiple
stimuli and a particular response that corresponds to
one stimulus (Gandhi et al., 2013). In general, tactile
reaction time can be divided into two components,
being mental processing time required for the stimulus to be perceived, and movement time required to
provide the movement in response to the stimulus.
In addition, Sven Froeberg (1907) found that visual
stimuli longer in duration elicit faster reaction times.
For this reason, the duration and intensity of the light
board in this researcher’s experiment will be accounted for in the current analysis (Gandhi et al., 2013). The
Piéron (1920) function also added that the weaker the
stimulus (i.e. a light that is weak in intensity), the longer the reaction time is.
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2. Methodology

person to be deemed a HSP. With that in mind, the researcher sought to find a survey that would yield more
accurate results. As recently as two years ago, psychotherapist Julie Bjelland created a refined 45-question
version of the original HSPS that included a more definite threshold. Bjelland states that if the participant
scores thirty or higher, which accounts for approximately 67% of the questions, they possess the trait of
high sensitivity. However, Bjelland also argues that a
higher threshold is necessary in order to determine
those who are on the higher end on the spectrum of
high sensitivity, stating that thirty-eight questions, or
84% of the questions, will fulfill that threshold (Bjelland, 2019). The present study also did not find justification for the threshold values created by Bjelland.
While Bjelland’s survey seems to include more subtle
details, there are still aspects missing from Aron and
Aron’s scale that the present study deemed necessary
to include, as the questions have been validated by
researchers throughout the years. After a cross-comparison, the Wagner SPS Survey that was thus created
consists of forty-five of Bjelland’s questions and twelve
of Aron and Aron’s, slightly reworded and with examples added for clarity.
For the purpose of this study, distinctly highly sensitive individuals must be identified. As is representative of sensitivity scales, there exists a ‘gray zone’ in
terms of thresholds. The researcher of this study opted
to ignore weaker scores and focus on the scores that
are most strongly correlated with the trait. To achieve
this, a 3-point Likert scale is utilized in the Wagner
SPS Survey in order to identify the most highly sensitive individuals. A spreadsheet was created to count
the number of questions answered “Very True,” and
“Somewhat True” by each participant, with the questions answered as “Not True” being ignored. The
“Somewhat True” scores were only analyzed if two
individuals had the same amount of “Very True” responses. Conditionals were applied to find the scores
that fell within the determined threshold parameters
of this survey. In order to validate the accuracy of the
Wagner SPS Survey, the participants who volunteered
for the exploratory stage of the survey were asked to
take Aron and Aron’s HSPS Test, Julie Bjelland’s Sensitivity Test, and the Wagner SPS Survey so that the
results could be cross-compared.
With the present aim, Bjelland’s lower threshold
of 67% acts as the neutral average, which is necessary

2.1. Participants
Participants in this study include voluntary individuals aged fourteen through eighteen attending
a Department of Defense (DoD) American High
School on a military base in Germany. The control
sample in the study consists of students who are identified to be the least highly sensitive, and the variable
sample includes those who are identified as highly
sensitive, selected based on survey results and the defined threshold. Participants were informed of the use
of their results at the start of the Wagner SPS Survey,
and were asked if they would be willing to participate
in a series of reaction-time trials once selected. Participants were not informed which group was expected
to display faster or slower reaction times, so as not to
introduce additional bias. Research involving human
subjects was conducted under the supervision of an
experienced teacher, and followed state and federal
regulatory guidance applicable to the human and ethical conduct of such research.

2.2. Measures
2.2.a. Phase One
Surveys
The Wagner SPS Survey was created by the present
researcher in order to assess and enhance the Aron
and Aron HSPS Test that has remained the primary
assessment used for SPS since 1997. The distribution
of the survey to a DoD American High School in
Germany with approximately 800 students helped to
identify those who are distinctly highly sensitive, and
those who are not.
After analyzing several studies, it was hypothesized
that Aron and Aron’s 27-question item survey is far
too vague to accurately assess a highly sensitive individual, as participants only have to receive a score
of fifteen out of twenty-seven, roughly 56%, to be
considered highly sensitive. It is worth noting that,
in their analysis, Aron and Aron did not justify the
percentage of questions that must be answered for a
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Figure 1. Comparison of Likert Scale Results
Employing Bjelland’s lower threshold, conditional scores from the exploratory sample are cross-compared.

when taking into account both a search for an accurate sample of HSPs and the viability of the small sample size existing at the High School. The distribution
to the larger school population reflected a voluntary
sample for purposive selection.
The researcher received ninety-four responses to
the Wagner SPS Survey upon distribution, and was
able to select ten individuals as the most highly sensitive and ten individuals as the least highly sensitive
when taking the conditional threshold into account.
Specifically, individuals with the highest number of
“Very True” Likert ratings were identified as the most
highly sensitive, as seen highlighted in red in Figure
1. Individuals with the least number of “Very True”
responses for the questions were deemed the least
highly sensitive. Twenty participants were contacted
and asked to participate in the reaction time trials.

er than an involuntary visual response. With the present tactile design, the researcher expects to see slower
reaction times overall than if a simple-visual time test
was employed. However, the tactile version will importantly display physical reaction times, and introduce a layer of processing through the choice-reaction
time test that would have not been present otherwise.
The researcher built an apparatus based on the model
of Jamie Mann in order to fulfill the research question.
Jamie Mann is a managing director of Pi Hut, a
company that sells computer programming products
and robots. Mann’s 2017 reaction speed game is designed using a Raspberry Pi, a single-board computer
that the researcher found to be most applicable to
measuring tactile responses in the present study.

2.3 Materials

Reaction Time Test
In accordance with COVID-19 restrictions, and
given the involvement of other students, it was determined that the experiment should be measured at the
high school through a voluntary tactile reaction, rath-

Hardware Elements of
the Reaction Time Test
In this paragraph, key elements of the hardware
assembly are discussed. The Raspberry Pi is run-
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In creating the reaction time apparatus, the following materials were used:

(1) Raspberry Pi

(5) 1kΩ resistor

(1) Breadboard

(1) Monitor

(5) Switches

(1) Ribbon Cable

(5) 10kΩ resistor

200 mm M/M
Jumper Wire Pack

(1) Plastic Box

(1) Cobbler
Figure 3. Pull-down Circuit
Pull-down circuits connected to GPIO pins allow for
individual button presses to be detected.

ning Raspian from Terminal, and is connected to
the internet. The Terminal is an interface that accepts commands and runs programs, manipulates
files, and executes scripts. The Raspberry Pi detects
when one of the five buttons is hit, in correspondence with the color that the central LED light
changes to, and logs the time taken from when the
LED was activated to when the button was pressed.
Trials of this manner are customarily simple reaction time experiments, but in also observing an
additional layer of cognitive processing (by having
the participant respond to one stimulus and withhold responses to another), this hardware becomes
a choice reaction test.

The Raspberry Pi was coded with a Python script,
and the researcher imported the Python libraries and
defined separate functions that must occur (i.e. time
functions).

Figure 2. Simple Circuit
The simple circuit has two distinct voltage states
(high and low) to identify when a switch has been activated (Mann, 2017).

Figure 4. Connecting LEDs to the Switch Board
The LED buttons wired to the breadboard.
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Figure 5. Wiring the Switches to the Breadboard
Wiring the switches to the breadboard with negative
and positive rails (Mann, 2017).

variable affects or explains a difference in the other
variable. These values were compared and analyzed in
order to draw conclusions about the correlation and
relationship between the variables.

Environmental Factors
Certain environmental factors were accounted for
in this study to better strengthen the validity of the
results. Twenty participants were asked to conduct the
time trials in the morning of the same day. The testing took place in a dark room in order to strengthen
the brightness of the LED buttons, knowing that the
brightness of the stimuli affect reaction times. Each
participant was verbally instructed to maintain handlevel in accordance with a mark on a ruler, and asked
to participate in three consecutive time trials. Each
time trial lasted for approximately one minute.

3. Data and Results
Procedure
Knowing that approximately 300 reaction times
should be collected for each participant in a visual
and auditory reaction test, the researcher sought to
find an average that applied to tactile responses. The
researcher chose to conduct three reaction time tests
for each participant, averaging the second and third
test results as shown in Figure 6. The first test was considered a “trial run” and was not counted in the data
analysis. Each of the three tests consisted of ten trials,
or ten button presses. Each of the ten trials consisted
of a button that lit up, with the trial ending when the
participant pushed the button. The reaction time is
then logged on the screen before the next trial began.
When ten trials passed, the test was then considered
complete and the buttons flashed at once. When three
tests were complete for each participant, the researcher conducted a statistical analysis with a linear regression t-test. The linear regression t-test was performed
on a calculator and provided the necessary values, including a Pearson correlation coefficient. The p-value
explains the strength or probability of the relationship,
and the t-statistic and degrees of freedom explain the
significance of the relationship. The coefficient of determination, or R2, explains how a difference in one

An analysis of the data was conducted in order to
explore a correlation between reaction times to external stimuli and levels of cognitive processing. Although the exploratory stage of the survey supported
that approximately fifteen percent of the sample displayed high sensitivity, the average number of HSPs in
the present testing sample was four percent less. A potential contributing factor to this trend might include
that only the most extreme scores were considered
when selecting participants.
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Figure 6. Analysis of Time Trial Reaction Times
The analysis of trial times to calculate the overall reaction time and standard deviation for each individual.

The researcher used a linear regression equation, as
shown in Figure 7, to determine the correlation coefficient. Seeing as only the extremes for the sensitivity
scores were accounted for, the display was supported.
The trend maintained that the higher the sensitivity
score on the survey, the slower the reaction time. The
correlation of +0.8068, which was found by taking the
square root of the coefficient of determination (R2),

strongly supported a causal relationship between reaction times to external stimuli and levels of cognitive
processing.
In addition, the researcher observed a noticeable
difference in the standard deviations of the highly sensitive sample versus the non-highly sensitive sample.
While the results were more consistent for non-HSPs,
there was more variation within the HSP sample. Such

Figure 7. Establishing the Correlation
Establishing the correlation between reaction times to external stimuli and levels of cognitive processing.
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Figure 8. Comparing the Variations in Reaction Times
Comparison of the variations in reaction times between HSPs (represented by green in the histogram and red
in the box plot) and non-HSPs (represented by purple in the histogram and black in the box plot).

a trend is also observed in researchers Robinson and
Tamir’s (2005) study that found that college students
who displayed neuroticism, a factor positively correlated with SPS, had more variable reaction times as
well.
The researcher found that HSPs displayed slower
reaction times as a result of deeper processing. A linear regression t-test was then conducted in order to
confirm the statistical significance of the trial averages
in relation to the correlation.
The linear regression t-test produced a t-test statistic of 5.795, a p-value of 1.719x10-5, and 18 degrees of
Figure 9. Linear Regression T-Test
Performing a linear regression t-test to explore the
correlation.

freedom, thereby further supporting the correlation
analysis with strong, significant statistical evidence
suggesting that a linear relationship between HSP
extremes and reaction times exists. This result, combined with the correlation coefficient, demonstrates
that reaction times are a reflection of the levels of sensitivity.

2.2.b. Phase Two
Phase One was implemented to determine if a correlation between low HSP scores versus high HSP
scores and reaction time could be revealed. That such
a strong correlation is seen even at the significant level
raised the question if this holds for “average” or nonextreme HSP scores as well. A continuation of the
study was pursued in order to explore if non-extreme
HSP participants would also follow a similar trend.
Ten participants with average sensitivity scores were
selected based on results from the Wagner SPS Survey,
and the time trials were then conducted as described
in phase one. The results indicated a +0.8826 correlation, which was found through taking the square root
of R2 once more. This suggests again that the higher
the sensitivity score on the survey, the slower the reaction time.
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Figure 10. Establishing the Correlation
Establishing the correlation between reaction times to external stimuli and levels of cognitive processing.

Figure 11. Linear Regression T-Test
Performing a linear regression t-test to explore the
correlation.

The linear regression t-test for the second phase
produced a t-test statistic of 4.967, a p-value of .0016,
and 7 degrees of freedom. These statistics support the
correlation analysis with strong, significant statistical
evidence suggesting a linear relationship between average, or non-extreme, sensitivity scores and reaction
times.
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Figure 12. Establishing the Correlation
Establishing the correlation between reaction times to external stimuli and levels of cognitive processing.

Figure 13. Linear Regression T-Test
Performing a linear regression t-test to explore the
correlation.

tionship exists between levels of sensitivity and reaction times, an effect that is observed across the range
of scores.

4. Discussion and Conclusion

Noting that in the second phase, a correlation was
also supported, the researcher analyzed the combined
results from phase one and phase two of the study by
performing a third linear regression t-test. The linear
regression t-test for the combined phases produced
a t-test statistic of 6.249, a p-value of 1.101x10-6, and
27 degrees of freedom. Given that the t-test statistic
value is far from 0 and that the p-value is so small,
these results are highly unusual and therefore highly
significant. The results further prove that a linear rela-

The purpose of this study was to determine if there
is a correlation between levels of cognitive processing,
specifically shallow and deep encoding processes, and
reaction times to external stimuli through the reaction time test game. The results of the study support
the claim that there exists a correlation between levels
of cognitive processing and reaction times to external
stimuli, with deeper processing positively correlated
with slower reaction times. SPS has only begun to be
studied in the past twenty years, and it is vital to HSPs
in particular that extensive research continue to be
performed. In keeping with the goals of previous researchers, it is important to increase awareness and to
understand the nature of the SPS trait so that HSPs are
able to align themselves with more rewarding and less
chronically stressful work. In addition, misdiagnosis
could be avoided if practitioners had a common way
to discriminate between SPS and pathological conditions. It is the hope of the researcher that this study
will inform the HSP with another specific aspect of
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Figure 14. Observation of Individual Survey Questions
The observation of summary results of specific survey questions to compare how many individuals are identified
as HSPs with how many selected “Very True,” in order to validate use of specific questions.

their personality, and provide researchers with more
material regarding reaction times and processing that
will both spur new studies and bolster past concepts.

vey scores were males and those who were identified
to be the most highly sensitive were females. The type
of tactile reaction test used, coupled with potential
survey bias, is considered in the analysis of results and
when forming generalizing conclusions. Potential bias
may have been introduced through a small sample
size, as it leads to higher variability.

4.1 Limitations and Considerations
This study was conducted using a relatively homogenous sample of students attending a DoD American
high school on a military base in Germany. In a community composed primarily of highly-functioning
officer’s children, it is questionable if certain environmental conditions have elucidated the trait. It
is uncertain if the present findings might have been
observed in a more diverse group of students. Future
research should therefore examine a more heterogeneous sample in order to support generalizability.
In addition, it seems questions that remain too
vague could stand to be removed from the survey, as
shown in figure 14. It can be argued by this researcher
that the question is not specific enough to Highly Sensitive People, and should be removed for greater accuracy of survey results.
Further, it is unknown how the confounding variables of age and sex affected the results, but it should
be noted that those with the lowest Wagner SPS Sur-

4.2 Future Directions
SPS has only been studied for the past twenty
years, and there is no shortage of questions to still
be explored. While the most important step in SPS
research at the present time is spreading awareness,
the establishment of a correlation between reaction
time and cognitive processing may inspire a variety
of research just as Aron and Aron’s HSPS study has.
In order to further validate the results of the study, the
researcher hopes to employ brain-imaging methods,
such as neurofeedback, to capture both conscious and
unconscious levels of processing, as the reaction time
test only captured conscious processing. Furthermore,
knowing that a correlation exists between the variables, it is a future hope to build on the study and explore if recall techniques can alter processing and reaction times, since recollective distinctiveness drives
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levels-of-processing. Finally, the researcher aims to
apply what is learned in the present study in order to
explore the processing speeds of those with formal
learning disabilities, in the hopes of altering reaction
times and processing without the use of medication.
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Non-Indigenous People’s Perceptions of Food Insecurity on
Indigenous Reserves—Student and Teacher Perceptions, the
Role of Schools, and Actions
Jasmine Lau
Food insecurity (FI) has been widely researched, but remote Indigenous communities face additional barriers to accessing food. Few studies have analyzed non-Indigenous perceptions of Indigenous issues, which is essential understanding for reconciliation. This study aims to explain students
and teachers’ level of awareness about FI on northern Ontario Indigenous reserves and to explore
the relationship between the reported level of awareness and actions taken. Using a mixed-method
approach, Grade 12 students and teachers at single-sex, independent, urban Ontario (COSSOT)
high-schools completed a survey that analyzed their perceptions and assessed their knowledge. The
results indicated that a school’s perceived lack of emphasis on Indigenous issues correlated with less
knowledgeable respondents, and teachers were often more inaccurate; however, inaccuracies were
often overestimations, so respondents might have better understood the generally expensive foodenvironments. Overall, respondents’ knowledge and sense of personal responsibility is lacking;
therefore, their actions to meaningfully demonstrate support are limited.
Keywords: high-school students and teachers, perceptions, Indigenous, non-Indigenous, food insecurity, actions

Introduction
Despite Canada’s reputation as a developed, equitable nation, the long-standing and severe issue of food
insecurity (FI) prevails. The Government of Canada
(2020) defines FI as “the inability to acquire or consume an adequate diet quality or sufficient quantity
of food in socially acceptable ways, or the uncertainty
that one will be able to do so” (para. 1). FI has been
widely researched due to its harmful effects. FI affects
“1 in 8 households in Canada, or over 4 million Canadians” (Canadian Institutes of Health Research, 2017,
para. 4), and causes long-term, chronic physical and
mental health issues (PROOF, n.d., p. 6).

The Canadian Constitution recognizes Indigenous
Peoples, including First Nations, Inuit, and Métis
peoples, as the original inhabitants of Canada (Government of Canada, 2016; Joseph, 2016; Parrott, 2020,
para. 1); they have continually experienced FI. Between 2011 and 2012, 8.2% of all Ontario households
experienced FI (Statistics Canada, 2011–2012 as cited
in Roshanafshar & Hawkins, 2015, fig. 1) in comparison to 29% of First Nations households (Chan et
al., 2014, p. 25). Almost 30% of Ontario’s Indigenous
adults self-reported being diagnosed with diabetes
(Chan et al., 2014, p. 19, fig. 9).
A contributing factor to increased FI on Indigenous reserves is the disproportionately high food
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prices relative to the median household income.
Further emphasizing the economic disparity, many
reports from Statistics Canada show that Indigenous
Peoples have a lower median income than their nonIndigenous counterparts (Government of Ontario,
n.d., p. 10; Human Rights Watch, 2020, p. 42), but
high food prices on reserves makes “feeding a family in northern Canada [cost] twice as much as similar expenditures in the south” (Veeraraghavan et al.,
2016, p. 4). High food prices are likely due to the high
freight costs associated with transporting foods to
geographically isolated reserves by plane, or seasonally by boat or winter ice roads (Galloway, 2017; Veeraraghavan et al., 2016; Flanagan, 2020, para. 17; Chan
et al., 2019). Retail store oligopolies, where communities often only have one major retailer, also contribute
to the high food prices, because “[w]ithout a competitive market there is very little incentive for stores to
offer lower prices” (Skinner et al., 2016, p. 61).
With most of Ontario’s population living in cities
(Ahmed, 2019) and Indigenous Peoples representing only 2.8% of Ontario’s total population (Government of Ontario, n.d., p. 9), non-Indigenous people
must amplify Indigenous voices. There is a need for
research to evaluate non-Indigenous perspectives in
addition to Indigenous Peoples’ perspectives, because
their shared collaboration is essential to achieve widespread change in Canada’s current legislation and
honour Canada’s promise for truth and reconciliation.

Nunavut who were interviewed were usually the last
in the household to eat, in their efforts to ensure that
their children received enough food (p. 198). Similarly, Chan et al.’s (2014) 10-year study that analyzed 18
Ontario Indigenous communities supported the claim
that children were prioritized and protected from severe FI, because 9% of parents experienced severe FI,
compared to only 2% of children (p. 25); however,
unlike the previous two studies, Power’s (2008) study
found that “rates of [FI] among children are as high as
or higher than adults in the same households” (p. 96),
because FI depends on “acceptance of and access to
country/traditional food” (p. 97).

Country and Retail Foods
Indigenous food sovereignty describes Indigenous
communities’ right to determine their own food systems to ensure access to healthy, culturally appropriate
foods and maintain relationships with land and water
food systems through traditional hunting, farming,
and fishing practices (Veeraraghavan et al., 2016, p.
8; Thompson et al., 2012, p. 47; Roberts, 2008). Many
studies have emphasized that traditional country
foods are more nutrient-rich than retail alternatives
(Elliott et al., 2012, p. 2; Skinner et al., 2016; Chan et
al., 2014) and sharing traditional foods is most important to food security (Thompson et al., 2012; Chan et
al., 2019; Power, 2008; Skinner et al., 2016; Beaumier &
Ford, 2010; Human Rights Watch, 2020). Indigenous
panelists Salina Kemp, Treena Wasonti:io Delormier,
and James Whetung also emphasized food’s holistic
impact on physical, mental, and spiritual health at
Food Secure Canada’s (2018) conference. With food’s
established importance, it is even more essential that
non-Indigenous Canadians support Indigenous food
systems.
Unfortunately, the Human Rights Watch’s (2020)
study found that climate change is significantly reducing access to traditional food systems and increasing
risks to hunters (p. 3), which increases difficulty in preserving Indigenous cultural identity and knowledge
through food’s social value (Schnitter & Berry, 2019,
p. 3; Power, 2008, p. 96; Beaumier & Ford, 2010; Elliott
et al., 2012, p. 2). Consequently, Indigenous Peoples
are increasingly dependent on retail environments
with expensive, highly-processed, and lower-quality
foods with longer shelf-lives for the long supply chain

Literature Review
Indigenous Food Environments and Approaches
While FI is prevalent across Canada and northern
communities face unique barriers, access to food on
Indigenous reserves presents additional challenges.
Although Indigenous Peoples are often the subject of
studies, they are rarely represented as the authors of
scholarly material, so it is essential to consider learning circles and discussions featuring Indigenous Peoples.

Women and Children
Although limited by their small sample size,
Beaumier & Ford (2010) analyzed gendered dimensions to FI, because the Inuit women in Igloolik,
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to reach remote communities (Human Rights Watch,
2020, p. 4; Lois et al., 2005, p. 95); this notion is supported by past and current literature, emphasizing the
long-standing barriers to food security (Beaumier &
Ford, 2010, p. 198), and is echoed in Indigenous-led
discussions (The Queen’s Commonwealth Trust, 2020;
UBC Learning Circle, 2019).
Especially on Indigenous reserves, retail oligopolies contribute to unaffordable food prices (Skinner et al., 2016; Veeraraghavan, 2016). In response,
Canada’s government implemented the Nutrition
North Canada subsidy with a “market-oriented policy
framework” (Galloway, 2017, p. 3); however, Galloway
(2014) raised concerns about its lack of “transparency
and accountability” (p. 395), so an annual compound
budget escalator was implemented (Leblanc-Laurendeau, 2020, p. 4). Because definitive food-costing
methodologies are lacking (Skinner et al., 2016), the
subsequent shortage of data contributes to the potential lack of awareness among non-Indigenous populations.

Perceptions as a Way to Understand Reality
Related studies have highlighted the relationship
between non-Indigenous and Indigenous Peoples’
perceptions of each other, and their deviations from
reality, as a subject of interest. Bentley et al. (2017)
proposes the concept of relational relativity, which argues that “people’s beliefs about how others see them
impacts their perception of themselves as well as the
‘other’ and can cause or exacerbate conflict” (p. 68);
therefore, understanding how non-Indigenous people
view Indigenous issues, and what Indigenous Peoples
believe non-Indigenous people think about them, will
enhance our understanding of a suitable path towards
reconciliation.
Scholars commonly identified non-Indigenous
people’s apathy towards Indigenous inequities as an
area of concern. Bentley et al. (2017) notes that Indigenous Peoples believe that “non-Indigenous [Canadians] don’t care or don’t know about their history
as oppressors” (p. 71), and do not feel responsible for
the current situation (Bentley et al., 2017, p. 71). Similarly, Indigenous participants in Elliott et al.’s (2012)
study felt that “not enough people were raising these
issues with [mostly non-Indigenous] decision makers” (p. 6). Schaefli et al.’s study (2018) assessing first-

year university students in Ontario, Canada’s attitudes
and knowledge about Indigenous issues supports Indigenous Peoples’ central beliefs. Although limited by
its low response rate, Schaefli et al. (2018) found that
10% of respondents expressed apathy, with some stating, “‘must move on’ and ‘does not concern me’” (p.
714).
Non-Indigenous students educated with the Ontario K-12 curriculum believed that Canada’s Indigenous population is decreasing (Schaefli et al., 2018,
p. 702), despite being Canada’s fastest growing population (Statistics Canada, 2011 as cited in Schaefli
et al., 2018, p. 702), and that “wherever Indigenous
people are, they are not here” (Schaefli et al., 2018, p.
718), even though at least 70% live off-reserve (Statistics Canada, 2013 as cited in Schaefli et al., 2018, p.
702). These misconceptions demonstrate a dissociation from reality that perpetuates the erasure of Indigenous presences in Canada; therefore, educational
environments’ impacts on non-Indigenous people’s
knowledge and desire to help solve Indigenous issues
must be considered.

Awareness and Action
While misinformation and ignorance can be combated with education, awareness as a driving force for
action is a subject of contention among scholars; without knowledge, it is impossible to advocate for the issue, but even when aware, many are unwilling to take
action. Van Zomeren et al.’s (2008) collective action
theory describes “three main determinants of whether a person will help to resolve an injustice: efficacy,
identity, and perceived injustice” (as cited in Neufeld
et al., 2019, p. 3), which could explain non-Indigenous
Canadians’ lack of engagement with Indigenous issues. Neufeld et al.’s (2019) survey investigating barriers to engaging non-Indigenous Canadians on the
Indigenous water crisis supported this theory, despite
being limited by its small sample size and voluntary
sampling method (p. 4), which often attracts people
with strong opinions that do not represent the population (Pearson, n.d., p. 43); similar barriers would also
apply to FI. ‘Allies’ have a position of privilege, but
support marginalized groups by taking action to learn
about systems of inequality and their origins (Nixon,
2019). Neufeld et al.’s (2019) non-Indigenous participants expressed shame and disbelief over the “discon-
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nect between an idealized reputation of Canada and
the reality of conditions in [Indigenous communities]” (p. 7), but these “expressions of concern rarely
translated into… active or sustained [involvement]”
for those who did not identify as ‘allies’ (p. 8). Overall,
lack of exposure and subsequent ignorance towards
Indigenous issues hinders willingness to take action
(Neufeld et al., 2019; Schaefli et al., 2018).

ied (Leedy & Ormrod, 2013, p. 96; Creswell, 2014, p.
32) and contextualize the quantitative data. Without
a combination of both data types, the multi-faceted
problem involving FI and perceptions cannot be analyzed comprehensively, so a purely quantitative or
qualitative method cannot be employed.

Data Collection and Sample

Summary

Data was collected with a cross-sectional design
through “Google Forms,” an online computerized survey, so it could easily be distributed to my sample. My
sample included all Grade 12 students and teachers in
11 of the 12 single-sex, independent, urban Ontario
(COSSOT) high-schools. One school was omitted because it does not have a Grade 12 class. Specifically,
COSSOT schools were chosen based on accessibility
and feasibility for survey distribution. By choosing
this larger intended sample, a sample frame was not
needed (Creswell, 2014, p. 204) and I hoped for more
responses to analyze trends while remaining manageable. A similar study about Indigenous issues surveyed first-year university students to assess the K–12
Ontario curriculum’s influence, because they could
not access Grade 12 classrooms in Ontario (Schaefli
et al., 2018, p. 693); therefore, Grade 12s are a desirable group to survey, as they represent the future generation of society and the knowledge gained from a
complete high-school education. Teachers were also
surveyed, because they are responsible for passing
knowledge on to students.
My Institutional Review Board form was approved,
and my Informed Consent Letter (see Appendix B)
was sent along with my survey distribution request
(see Appendix A) to the 11 schools. The survey remained open for two weeks. Since Grade 12s might be
under the age of 18, a check-box confirmed their parent or guardian’s permission to complete the survey.
Respondents could close the survey if they were uncomfortable at any point, as the check box explained
their voluntary involvement and certified their informed consent to their data being used in my research. Complete anonymity and confidentiality of responses was ensured, since the form would not collect
any identifying information, such as email addresses
or names. It is possible that written responses to openended questions might have been more refined and
concealed discriminatory attitudes that could have

In summary, Indigenous FI is a complex issue with
severe consequences. Food is strongly connected to
Indigenous culture and identity. Many scholars and
Indigenous leaders have emphasized the importance
of a collaborative, reciprocal long-term partnership
between Indigenous and non-Indigenous people in
order to effectively address FI (Neufeld et al., 2019;
Schaefli et al., 2018; Bentley et al., 2017; Elliott et al.,
2012; Galloway, 2017; Skinner et al., 2016); however,
there is a dearth of information about non-Indigenous people’s perceptions and awareness of Indigenous realities, and no study has specifically researched
high-school environments. A study that analyzes
high-school students and teachers’ perceptions of Indigenous FI would fill this gap; therefore, this study
will attempt to answer the research question: What is
the current level of awareness of independent, urban
Ontario, non-Indigenous teachers and Grade 12 students about food insecurity and food-price discrepancies on northern Ontario Indigenous reserves?

Method
I chose a mixed-methods approach with an embedded design that emphasizes quantitative elements
to answer my research question, because a combination of “both quantitative and qualitative elements
[provides] a more complete picture of a particular
phenomenon than either approach could do alone”
(Leedy & Ormrod, 2013, p. 98). An emphasis on
quantitative data, analyzed with statistics, will more
definitively “establish, confirm, or validate relationships” (Leedy & Ormrod, 2013, p. 96) between variables, while coding and inductive, thematic analysis
of qualitative data will provide a more comprehensive
understanding of the complex situations being stud-
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been observed in a real interview; however, the anonymity of the survey should have encouraged truthful
responses. Overall, the efficiency, confidentiality, and
simple distribution of an online survey made it the
best data collection method.

Survey Questions
My survey included demographic, perspective,
and assessment questions (see Appendix C). Firstly,
I identified whether subjects were students or teachers to analyze their responses separately according to
their different knowledge levels, and whether subjects
self-identified as Indigenous, because I am focusing
on non-Indigenous people’s awareness.
Secondly, to gain a better understanding of each respondent’s personal and school experiences that have
shaped their knowledge on Indigenous issues, I asked
categorical questions and Likert-scale questions about
their perceptions, followed by an open-ended qualitative question to let them elaborate why. For example, I
asked whether respondents thought their school emphasized Indigenous issues enough, in what ways, and
why; I also asked about respondents’ self-reported
knowledge of Indigenous issues using a Likert scale,
and why. Next, I asked about respondents’ self-reported action or inaction to support Indigenous issues
using a checklist of anticipated common responses,
while allowing them to add missed responses in the
“other” section, followed by an open-ended question
to ask why. For the thematic analysis of open-ended
qualitative responses, I coded the data by looking
for common keywords, phrases, and ideas (Creswell,
2014, p. 259) and created tables showing the frequency of those themes based on different factors, such as
whether the respondent was a teacher or student, or
whether the respondent self-identified as an ally to
Indigenous Peoples or not.
Finally, after asking respondents for their self-reported data and perceptions, assessment questions indicated subjects’ current knowledge about Indigenous
FI and food environments. Each question was based
on a fact that I found in the literature, and I analyzed
the quantitative responses’ accuracy with statistics, by
determining the error in each response and how that
correlated with different factors of their self-reported
background.

Hypotheses and Assumptions
H1. People who think they go to a school that places
a focus on Indigenous issues will be more knowledgeable about FI and food prices on Indigenous reserves,
because independent schools have the ability to emphasize certain parts of the curriculum if they deem it
a priority, as long as all other government-mandated
educational requirements are met. I assume that in
general, my non-Indigenous respondents will not be
very knowledgeable about Indigenous FI, because
I previously did not know much apart from what I
learned in high-school and by reading the news until I
visited an Indigenous community and conducted this
research.
H2. Teachers will be more knowledgeable than students about Indigenous issues, because of their level
of formal education; they would have a Bachelor of
Education degree and likely additional professional
development training. Additionally, since I assume
teachers are likely the people who shop for groceries
in their households, their estimates for food prices
might be more accurate than students’.
H3. Respondents who self-identify as allies will report taking more action, because they will feel more
responsibility to support Indigenous Peoples.

Results
35 respondents completed the survey, including 19
teachers and 16 Grade 12 students; all of my respondents were non-Indigenous people. 2 respondents left
at least one qualitative question blank; I used pairwise
deletion, where subsets of data present are analyzed
instead of removing all data for a case, to “minimize
the loss that occurs in listwise deletions” (Statistics
Solutions, 2013, para. 4). Since the unanswered qualitative questions asked participants to elaborate on a
previous question, I assumed the omission indicated
that the participant had nothing further to add. Although the analysis for every survey question is not
included in the results section, all questions informed
me about the subject’s knowledge as a whole, and only
key findings were included.
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Figure 1
Students and Teachers’ Educational Environment Perceptions

Figure 1’s comparative bar charts assessed perceived frequency and support demonstrated by the
respondent’s school using a Likert scale. Student
responses’ distribution tended to be slightly skewed
left, indicating students were more satisfied with their

school’s actions, and teacher responses were more
normally distributed. Although this data does not
directly respond to my research question, it provides
relevant information about my sample’s perceptions
of their school’s role in shaping their knowledge.

Table 1
School’s Perceived Support for Indigenous Issues by Students and Teachers
Why is your school not doing enough / doing enough to support Indigenous issues in your
opinion?
Themes
(responses may fit into
more than one theme)
Lack of integration into
curriculum

Lack of integration into
school life

Frequency
in Student
Responses
(16 responses)

Frequency
in Teacher
Responses
(18 responses)

Example Responses

2

5

(= 12.5%)

(= 27.78%)

“It could be imbedded [sic] in curricular
content more deliberately”

1

4

(= 6.25%)

(= 22.22%)

“I think there could be more done re
pedagogy and parent communications”
“they do enough to make it relevant, but
not enough to make it a staple of our
school experience.”
“not woven into our way of schooling
and thinking.”
“should be built into daily conversation
> not saved for assemblies and other
special occasions”
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Content depth

Is not addressed enough

Mentioned very frequently
Praise school

1

2

(= 6.25%)

(= 11.11%)

2

1

(= 12.5%)

(= 5.56%)

2

0

(= 12.5%)

(= 0%)

6

2

“is sufficient”

(= 37.5%)

(= 11.11%)

“learned a significant amount about
indigenous issues over the course of my
education”

“my school needs to educate us more
deeply”
“Comprehensive information on specific
issues is lacking.”
“I am not aware of any initiatives either
in assembly or other methods”
“hardly brings up Indigenous [people]
let alone Indigenous issues.”
“It is mentioned every chance possible”

“effective job of speaking… and, to
an extent, raising awareness about
Indigenous issues”
Partnerships

3

1

(= 18.75%)

(= 5.56%)

* “[my school] encourages conversation
and connection outside of school [sic]
community and emphasizes their commitment to reconciliation.”
“worked on fostering and building
strong partnerships”

Right direction

Lack of consistent, meaningful action

0

3

(= 0%)

(= 16.67%)

2

1

(= 12.5%)

(= 5.56%)
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“moving toward supporting Indigenous
Issues [sic]”
“pandemic planning has put plenty on
hold in the short term”
“Talking about it does not mean Doing
[sic] something about it”
“If there is an opportunity to take action
and it does not fit the school’s calendar,
then action is not taken.”
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Always room for
improvement (general
statement, but no specific
suggestions for improvement)

1

2

(= 6.25%)

(= 11.11%)

“there could always be room for improvement”
“More can always be done”
“we can always be doing better”

* I replaced specific school names that the respondent included from the example responses section with “[my school]” to maintain the confidentiality agreed upon in the Institutional Review
Board form and the Informed Consent Letter.

The first column indicates common themes in why
respondents think their school does enough to support Indigenous issues or not. The second and third
columns indicate the frequency and percentage of student or teacher responses that show the given theme.
The fourth column provides example responses to better demonstrate what each theme means. Like Figure
1, this data indirectly responds to my research question by providing relevant background information
about a school’s perceived role in shaping knowledge.
Figure 2
Students and Teachers’ Self-Perceived Knowledge

Figure 2’s comparative bar chart shows respondents’ perceptions of their knowledge about general
Indigenous issues using a Likert scale.

103

NON-INDIGENOUS PERCEPTIONS OF INDIGENOUS FOOD INSECURITY
Figure 3
Amount of Error in Student and Teacher Estimates for Weekly Groceries’ Cost in Indigenous Communities
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These scatterplots illustrate the same data with
the Likert Scale ranking of respondents’ perceived
personal knowledge about Indigenous issues on the
x-axis, and the difference between the respondent’s
estimates and the actual answer to the assessment
question on the y-axis. The correct answer is $344
(Chan et al., 2014, p. xvii). Each point shows the degree of error of each respondent’s estimate, with blue
representing students’ estimates and red representing
teachers’ estimates.
Positive and negative points on the first graph’s yaxis indicate overestimates and underestimates, respectively. Although the r-value, which indicates the
correlation coefficient, is quite small, there is still a
weak correlation. For the points’ x-values, both trendlines are above the x-axis and positive, indicating that
both students and teachers tended to overestimate the
cost of weekly groceries in northern Indigenous communities.
The second graph shows the same data as the first,
but the y-axis’s absolute values of error shows a clear
distinction between student and teacher estimates.
With an r-value of 0.49, which is a moderately strong
correlation, as students rated their own knowledge
higher, their error increased. With an r-value of 0.03,
the trendline representing the error in teachers’ estimates had an extremely weak correlation with highly varied estimates and degrees of error; therefore,
teachers’ perceptions about their own knowledge was
not shown to have a significant effect on their actual
knowledge.
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Figure 4
Percent Error in Student and Teacher Estimates for Indigenous Households’ Monthly Expenditures on Food
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Following the same layout as Figure 3, Figure 4 also
has two scatterplots, with the absolute value of the error
displayed on the y-axis of the second graph. The correct
answer is 50% (Veeraraghavan et al., 2016, p. 4).
In the first graph, although both trendlines have
small r-values, indicating a weak correlation, the
student trendline remains negative and the teacher
trendline remains positive; therefore, the students
tended to underestimate while teachers overestimated
the percentage of Fort Albany households’ monthly
income spent on food.
The second graph uses the y-axis’s absolute values
of the error to more clearly show trends. With an rvalue of 0.45, which is a moderately strong correlation,
and a negative slope, the trendline shows that as students rated their own knowledge of Indigenous issues
higher, they also became more accurate. Similarly, the
trendline showing the teachers’ errors also had a negative slope, although not quite as steep as the students’;
therefore, the teachers who thought they were more
knowledgeable tended to be slightly more accurate;
however, teachers’ self-perceived knowledge did not
translate as directly to actual knowledge on Indigenous

FI as the students’, because the r-value was 0.06, meaning their estimates and errors were more varied.
Figure 5
School’s Perceived Emphasis on Indigenous Issues

Figure 5’s pie chart shows the percentage of respondents who felt their school emphasizes Indigenous issues. Although this graph does not directly address
my research question, it provides important background information for Figure 6.

Figure 6
School’s Perceived Emphasis on Indigenous Issues and Estimates’ Percent Error

107

NON-INDIGENOUS PERCEPTIONS OF INDIGENOUS FOOD INSECURITY
I calculated each respondent’s average percent error
for the assessment questions and assigned their actual
knowledge that score for the y-axis; however, I only
included the first two assessment questions (shown in
Figures 3 and 4), because upon further deliberation,
the information in the literature that informed Q21
and Q22 (see Appendix C) lacked specificity, making
those questions prone to misinterpretation. The xaxis shows respondents’ self-perceived knowledge on
Indigenous issues. I differentiated responses into respondents who responded “Yes” (Figure 5) with blue
points, and respondents who responded “No” (Figure
5) with red points.

Both trendlines have a positive slope, indicating that
regardless of their school, as respondents perceived
themselves to be more knowledgeable about Indigenous
issues, their error increased, and so their knowledge became less accurate. With an r-value of 0.56, indicating a
moderately strong correlation, the red trendline shows
a steeper slope than the blue trendline. Since the blue
trendline’s correlation coefficient is smaller and positive, a school’s focus on Indigenous issues does not necessarily increase accuracy and knowledge; however, a
school’s lack of focus on Indigenous issues is shown to
decrease respondents’ knowledge about northern Ontario Indigenous food environments.

Table 2
Action and Allyship
Why did you choose to take action / not take action to support Indigenous issues?
Themes in
Respondents’
Reasons for Action
/ Inaction

Frequency
in SelfIdentified
Allies

Frequency
in Not SelfIdentified
Allies

(responses may fit
into more than one
theme)

(19 reponses)

(13 responses)

INACTION: Lacks
current knowledge
and therefore lacks
confidence to take
action

4

1

(=21.05%)

(= 7.69%)

Example Responses

“I do not feel that I am properly educated to
speak on the topic to larger audiences.”
“I do not feel comfortable enough to publicly take a stand”
“I don’t feel confident that I know the facts,
I worry about how I am perceived talking
about something I am not knowledgeable
about, like it’s not my story to tell”

INACTION: Feels
actions won’t make
a big difference
INACTION: Feels
that they lack the
time and resources
to personally contribute

1

1

(= 5.26%)

(= 7.69%)

1

2

“I have no way to help right now”

(= 5.26%)

(= 15.38%)

“Really a matter of having time and also it is
not the top [sic] of my list for the activities
that I would prioritize.”
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scheme of things probably is not that much”
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INACTION: Does
not take initiative
to help
INACTION:
Prioritize issues
personally relating
to the respondent
ACTION: Educates
themselves and
others around them

0

2

(= 0%)

(= 15.38%)

0

1

(= 0%)

(= 7.69%)

5

4

(= 26.31%)

(= 30.77%)

“Matter of chance”

“I spend my time volunteering and being
active for causes that are more closely related
to me.”
“I am not an activist. So the best way that I
can make a change is by sharing my knowledge, and by continuing to educate myself,
so I can further educate friends, family and
students.”
“I do not like protests. But I am willing to
be informed and will take opportunities
presented to me to understand the problems
more deeply.”

ACTION: Plans to
further support by
taking more actionable steps
ACTION: Speaks
up in conversations

ACTION: Feels a
personal connection to these issues

ACTION: Feels
personal responsibility to help

2

0

(= 10.53%)

(= 0%)

1

1

(= 5.26%)

(= 7.69%)

“These were discussions that arose, and I
couldn’t not speak up when I heard something that i [sic] considered damaging to
Indigenous peoples.”

4

1

“Because its prevalant [sic] in my life”

(=21.05%)

(= 7.69%)

“Where I come from, in Nova Scotia,
neighbours several Indigineous communities and that has led to many conversations
and debates with family and friends about
Indigineous [sic] issues. I have volunteered
my time working in Indigineous [sic]
schools.”

1

0

(= 5.26%)

(= 0%)

“It’s key. I see no other option if Canada is
to move forward as a just society and, as a
person with privilege, I see it as my duty.”

Similar to Table 2, the first column indicates common themes in why respondents personally did or
did not take action to support Indigenous issues. The
second and third columns indicate the frequency and
percent of responses that show the given theme based

“I have not yet attended protests and feel
that I need to do more ‘visible’ work.”

on whether the respondent self-identified as an ally or
not. The fourth column provides example responses
for each theme.
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Discussion
The results of my study indicate that my H1 was
correct, H2 was incorrect, and H3 was somewhat correct.
My first hypothesis predicted that respondents who
think that their school emphasizes Indigenous issues
are more knowledgeable about FI and food prices
on northern Ontario Indigenous reserves than those
who do not. This was correct; however, as respondents
perceived themselves to be more knowledgeable and
ranked themselves higher on the Likert scale for their
self-reported knowledge (Figure 2), their percent error actually increased (Figure 6). A potential explanation for why respondents who perceived themselves
to be more knowledgeable about Indigenous issues in
general were actually less accurate might be because
the media often highlights extremes that are considered newsworthy (Munno, 2017, pp. 26–27). If nonIndigenous Canadians, who do not regularly live on
reserves and experience the food environments firsthand, only hear about the extraordinarily high prices
on some reserves, but not the average prices on all reserves, that would mislead them; therefore, those who
are more informed through the media might be more
aware of the most expensive food environments and
therefore tend to overestimate.
My second hypothesis was that teachers are more
knowledgeable than students about Indigenous issues
because of more formal education and life experience;
however, this was incorrect. When assessing respondents’ perceived knowledge about Indigenous issues,
both teachers and students rated themselves similarly
(Figure 2), although teachers were more critical about
their school’s actions in supporting Indigenous issues
than students (Figure 1), which could be because as
educators, they are looking for areas for improvement
and future learning. When comparing their perceived
knowledge with their assessed knowledge, teacher
estimates often had more error and variation in responses than students’, showing a weak correlation between perceived and actual knowledge (Figures 3 and
4). Nevertheless, both groups tended to be more accurate when their self-perceived knowledge was rated
higher for more general questions (Figure 4) than specific ones, where they had to name exact costs (Figure
3). Similar to my conclusion for my first hypothesis,
respondents who are mainly informed through the

media will have a better understanding of the general
food environments, but not the specific cost of food.
Finally, my third hypothesis is that self-identified
allies will report taking more action, because they will
feel more responsibility to support Indigenous Peoples. Self-identified allies’ responses more frequently
demonstrated their action, with varying degrees, but
only one respondent, who was a self-identified ally, felt
personal responsibility (Table 2). Most respondents
noted their own perceived lack of knowledge and inability to help, while others expressed apathy, with
some stating that Indigenous issues were “not the top
[sic] of my list for the activities that I would prioritize”
(Table 2), which supports the ‘collective action theory’
(Neufeld et al., 2019; Schaefli et al., 2018). While some
respondents had personal experiences that made
them more interested in Indigenous issues, only one
respondent specifically stated that “as a person with
privilege, I see it as my duty” (Table 2). This finding is also supported by Neufeld et al.’s (2019) study,
which found that “no [non-Indigenous] participants
articulated a sense of personal responsibility” (p. 9),
including the ‘allies,’ and Schaefli et al.’s (2018) findings that “[o]ver 60% of [Ontario university] students
delegate responsibility for inequity to the Canadian
government” (p. 714), which avoids taking personal
responsibility for the issue. A lack of responsibility is
concerning because it has the potential to cause tension (Bentley et al., 2017) instead of reconciliation.

Limitations and Future Directions
This study’s primary limitation is its small sample
size. Although the population size is unknown, I estimate that there are more than 1500 Grade 12 students
and teachers at the 11 COSSOT schools, and I received
35 responses. Having fewer data points contributes to
low correlation coefficient values and weak trends.
Since the survey was anonymous and I could not see
individual schools’ response rates, if entire schools did
not respond, results may not be representative of the
entire intended population. Similar to Schaefli et al.’s
(2018) study, my study may have non-response bias,
since respondents that chose to respond using their
own time are “probably more interested and knowledgeable than most” (p. 695). In the future, non-response bias could be mitigated by keeping the survey
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open for a longer time period, sending reminders,
and reducing the respondents’ time commitment by
eliminating survey questions that were not as effective in answering my research question (see questions
with an asterisk in Appendix C). When more definitive food-costing methodologies are developed to collect data (Skinner et al., 2016), increasing the amount
of assessment questions when calculating the average percent errors would increase accuracy. The repetition of this study’s methodology after a few years,
when the individual respondents within the sample
have changed, and with a higher response rate, could
confirm these results.
This study’s results have significant implications for
many future directions to improve both non-Indigenous teachers and students’ education and knowledge.
Respondents identified areas where they thought their
school was lacking (Table 2), including a lack of integration and consistent action that demonstrated the
school’s commitment to reconciliation. In response,
further research could be conducted on how to integrate Indigenous issues and pedagogy meaningfully
into COSSOT schools, which are composed of predominantly non-Indigenous students and teachers.
Since a lack of knowledge was identified as a common
barrier to action, if there are changes to the curriculum, its effectiveness could be assessed by repeating
this study’s method; potential differences in respondents’ knowledge levels before and after that change
could yield significant results for the Ministry of Education. A complementary interview-style study with
an emphasis on qualitative data would provide an additional understanding of factors that shape each individual’s knowledge, including their experiences, family and friends’ influence, and the media’s influence.
Finally, barriers to knowledge and action identified in
this study could be further explored, and results could
help both Indigenous and non-Indigenous activists
initiate more support from non-Indigenous people.

enous reserves?
The mixed-method approach provided quantitative
data that could be analyzed with statistics for common trends, and qualitative data, which allowed me
to further understand each respondent’s perspectives.
The results indicated that a COSSOT school’s perceived lack of emphasis on Indigenous issues correlated with less knowledgeable respondents, and teachers
were often more inaccurate and had more variation in
estimates than student respondents. As respondents
perceived themselves as more knowledgeable about
Indigenous issues, they tended to be more accurate
on questions assessing their knowledge of Indigenous
food environments and circumstances, but less accurate on questions asking for a specific cost estimate.
Finally, this study found that few respondents reported personally taking actions in support of Indigenous
issues, with some citing their lack of knowledge, capability, and sense of responsibility. Many respondents
who did take action cited a personal connection, such
as having lived on or travelled to an Indigenous reserve, and only one respondent felt a personal responsibility. Overall, the results of this study show that the
knowledge of non-Indigenous students and teachers
at COSSOT schools on Indigenous FI is lacking and
therefore, their subsequent actions to meaningfully
demonstrate support are limited.

Conclusion
This study’s goal was to answer the research question: What is the current level of awareness of independent, urban Ontario, non-Indigenous teachers
and Grade 12 students about food insecurity and
food-price discrepancies on northern Ontario Indig-
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Appendix A
Survey Distribution Request
In order to distribute my survey to my intended
population, I wrote a three-part email. This email was
sent to a faculty member at my school and it asked
them to forward the lower portion of the email to
their contacts at the 11 COSSOT schools, who would
then ask their Grade 12 students and teachers to fill
out my survey using the message I included in the final portion of the email.
Table A1
Email Requesting the Distribution of my Survey
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Appendix B
Informed Consent Letter
Please read the following information which is intended to help you decide if you wish to participate in
the present research study. If you would like to participate, please sign in the appropriate area below.
Please be aware that participation in this study is
completely voluntary. If you do decide to participate,
you may stop participating at any time, without justification or consequence, and you may opt out of answering any question(s) you choose. If you decide not
to participate, there will be no negative consequences.
Title of project:
Non-Indigenous Students and Teachers’ Perceptions of Indigenous Food Insecurity
Purpose of project:
The purpose of this survey is to explain the COSSOT Grade 12s and teachers’ level of awareness about
food insecurity on northern Ontario Indigenous reserves and to explore the relationship between the reported level of awareness and actions taken.
Method/Procedure:
A mixed-methods approach with an embedded design that emphasizes qualitative elements was chosen
as the most appropriate way to answer my research
question, because according to Leedy & Ormrod, a
combination of “both quantitative and qualitative
elements [provides] a more complete picture of a
particular phenomenon than either approach could
do alone” (Leedy & Ormrod, 2013, p. 98). Quantitative data will be analyzed with statistics to “establish,
confirm, or validate relationships” (Leedy & Ormrod,
2013, p. 96) between variables, such as the number of
learning experiences and the individual’s knowledge.
Coding and inductive, thematic analysis of qualitative
data will provide a more comprehensive understanding of the complex situations being studied (Leedy &
Ormrod, 2013, p. 96; Creswell, 2014, p. 32) and contextualize the quantitative data. Without a combination of both data types, the multi-faceted and complex
problem involving food insecurity and perceptions
cannot be analyzed thoroughly; a purely quantitative method is insufficient, because numerical trends
without context would not account for confounding
variables, and purely qualitative data would lack definitive correlations.
Data will be collected with a cross-sectional design

through “Google Forms,” an online computerized
survey, so that it could be easily distributed to participants. The online survey ensures complete anonymity,
since email addresses, names, or other identifying information will not be collected. A survey was chosen
as the sampling tool so that inferences could be made,
and sample results could be extrapolated to apply to
the whole population. The survey will be distributed
The survey will be distributed to all Grade 12s and
teachers in 11 of the 12 COSSOT schools, which includes [school names] (St. Andrew’s College, n.d.,
para. 3). Since there are human subjects involved, the
IRB has been completed, and this informed consent
form explains in detail what the survey will entail, and
that by submitting the survey and checking the boxes
in the Google Form, participants are agreeing to the
terms outlined in the form.
Estimated time required for participation:
The survey should take approximately 10-15 minutes to complete
How confidentiality will be maintained:
The survey is completely anonymous and confidential, so individual responses will not be shared, and
responses will not be connected back to respondents;
the Google Form settings will ensure that names,
email addresses, or other identifiable information will
not be collected.
Potential risks/discomforts:
There could be potential risks of psychological discomforts, but as mentioned before, participation will
be voluntary, and participants can stop and close the
survey at any point if they feel uncomfortable. To minimize risks, questions in the survey will not be overly
personal, but will just try to understand the subject’s
thought process, current knowledge, and what factors
shaped that knowledge.
Benefits:
My study about urban Ontario, COSSOT, educators
and students’ level of awareness on food insecurity on
northern Ontario Indigenous reserves is significant to
the existing field of research, because this perspective
has never been researched before. Bentley and other
scholars propose the concept of relational relativity
where they argue that “people’s beliefs about how others see them impacts their perception of themselves as
well as the ‘other’ and can cause or exacerbate conflict”
(Bentley et al., 2017, p. 68); therefore, understanding
how non-Indigenous people view Indigenous food
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insecurity will enhance our understanding of a suitable path towards reconciliation. Both students and
teachers’ perspectives are significant, because educators are responsible for passing on knowledge to students, who represent the future generation of society
and can be inspired to create change and reform policies later in life. Their knowledge on Indigenous issues is significant to Canada’s developing history, as
students and education determines the future direction of the country. Non-Indigenous people also have
a responsibility to help solve Indigenous issues, as the
burden should not be left solely to Indigenous Peoples
to solve. Since urban Ontario, COSSOT, educational
communities are likely composed of non-Indigenous
individuals, this survey can identify potential knowledge gaps and deficiencies in current educational curricula for future action. Increased general knowledge
of the public would allow the work of activists to gain
more traction, and prompt more governmental action
to reduce freight costs. If findings show that people
who are more knowledgeable still do not take action,
future research could explore resources required to
encourage feasible action and provide direction for
unsure people to make meaningful contributions.
Overall, understanding participants’ current level of
awareness gives them an opportunity for self-reflection and increased self-awareness, which may in turn
affect their future actions; furthermore, the broader
benefit of increased awareness and understanding will
outline future areas of improvement to solve this issue.
References:
Bentley, D., Sullivan, S., & Wilson, K. (2017). British Colonialism: Perpetuating Structural Violence
Through Perceptual Misunderstandings in Canada.
Peace Research, 49(2), 61-78. Retrieved January 5,
2021, from http://www.jstor.org/stable/44779907
Creswell, J. W. (2014). Research design: Qualitative,
quantitative, and mixed methods approaches (4th edition). SAGE Publications, Inc.
Leedy, P. D. & Ormrod J. E. (2013). Practical research: Planning and Design (10th edition). Pearson
Education, Inc.
St. Andrew’s College. (n.d.). Student Leadership.
St. Andrew’s College. Retrieved on November 26, 2020
from https://www.sac.on.ca/middle-school/studentleaders

Please do not hesitate to ask questions about the
study. Your responses will be anonymous, and your
name will not be associated with the research findings
in any way. Please direct any questions you may have
to:
AP Capstone Research Teacher: [name]
Email address: [research supervisor’s email]
Thank you!
Sincerely,
[my name]
AP Capstone Researcher
[Derived from: Creswell, J. W. Educational Research: Planning, Conducting, and Evaluating Quantitative and Qualitative Research (3rd ed.). Upper Saddle
River, NJ: Pearson Education, Inc., 2008, p.159; International Rules: Guidelines for Science and Engineering Fairs 2015-2016 (AP Capstone Research training,
Arlington, Texas, June 2017) ].
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Appendix C
Survey Distributed to COSSOT Schools
I created the survey shown below and distributed it to respondents at the 11 COSSOT schools within my
sample. Each row of the table represents the different types of questions and separated sections, where respondents clicked ‘Next’ to move on to.
Table C1
Survey Instructions and Questions

117

NON-INDIGENOUS PERCEPTIONS OF INDIGENOUS FOOD INSECURITY

118

NON-INDIGENOUS PERCEPTIONS OF INDIGENOUS FOOD INSECURITY

119

NON-INDIGENOUS PERCEPTIONS OF INDIGENOUS FOOD INSECURITY

120

NON-INDIGENOUS PERCEPTIONS OF INDIGENOUS FOOD INSECURITY

121

CLIMATE AND PROFESSIONAL SOCCER PLAYER PRODUCTION IN CANADA

The Correlation Between Climate and Professional Soccer
Player Production in Canada
Lucas Livingston
In this study, the relationship between Canadian professional soccer player production and regional
climate is quantitatively assessed. The correlation between these two variables is determined using
Pearson’s correlation coefficient and thoroughly discussed. All Canadian provinces were examined,
with climate data being retrieved from the Government of Canada’s climate normal data. The territories were not considered. The correlation coefficient between average annual temperature and
professional player production was found to be 0.60, a strong positive correlation. The correlation
between average annual precipitation was determined to be negligible at 0.08. The findings of this
study indicate that generally, Canadian provinces and territories with high average annual temperatures and high average annual precipitation rates have moderately high rates of professional soccer
player production compared to other Canadian provinces.
Keywords: soccer, soccer development, sports development, climate, professional sports, Canadian
soccer.

Introduction
Canada, in conjunction with the United States and
Mexico, is set to host the 2026 Men’s World Cup. As
such, the recent development of Canadian soccer has
become a topic of great interest. In the summer of
2020, twenty-year-old Alphonso Davies became the
first Canadian to win the UEFA Champions League,
the most prestigious club soccer accolade. Additionally, the inception of the Canadian Premier League in
2017 gave Canada its first national professional soccer league. Historically, Canada has lagged behind
in soccer player development, but perhaps a change
is imminent. According to FIFA’s Big Count, in 2006
there were 150 Canadian professional soccer players
worldwide. 13 years later, that number has almost
doubled, now standing at 280 professionals (FIFA,
2020). Despite recent growth, Canada’s number of
professional players is far below that of countries with
comparable populations, such as Saudi Arabia and

Morocco, which have 738 and 930 professionals, respectively (FIFA, 2019). Research into the factors that
contribute to a nation’s soccer player development is
minimal. One crucial factor when examining a nation’s soccer development is the regional climate. Yet,
this factor remains largely overlooked. The existing
literature is confined to Nicholas Holt’s (2002) comparison of the soccer talent development systems in
England and Canada, in which the effect of climate on
soccer development systems is briefly touched upon.
Holt concludes that the climate of a region has an effect on its talent production, but the extent to which
this effect is prevalent remains unaddressed. As far as
it is clear, no other studies analyze the effect of climate
on soccer player production. This study intends to
remedy the research gap that exists by answering the
question: what is the correlation between climate and
soccer player production in Canada? This research
question allows for the exploration of the relationship
between climate and soccer player production within
Canada. All Canadian provinces were examined. This
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study explores the correlation between climate and
soccer player production per capita within Canada.
A secondary correlational data analysis was employed
to collect research and an archival correlational study
followed, in which the climates of Canadian provinces
were correlated with their number of professional
soccer players per capita (professionals per 100,000
males) from the respective province. As a result of the
research, the global gap regarding the effect of climate
on sports development and player production has
begun to be addressed. Correlational research exploring the relationship between two variables previously
unaddressed is vital in order to find causation and in
turn, affect training regimes, funding, and talent development, globally and across different sports (Curtis, Comiskey, and Dempsey, 2016).

Literature Review
Scholars are yet to establish a quantitative relationship between climate and soccer player production.
The little amount of qualitative data on the subject
remains speculative at best. The effects of weather on
soccer performance, and sports performance in general, have been researched rather thoroughly, while
the long-term effects of a region’s climate have not.
The existing research relating to the effect of climate
on soccer is confined to one paper, Holt’s (2002) comparison of the soccer talent development systems in
England and Canada, in which the effect of climate is
touched upon briefly. Holt used documentary analysis, fieldwork, and interviews with Canadian and
English youth coaches to compare the respective development systems. Holt finds that the physical environment is a substantial hindrance to the Canadian
soccer system . During the winter months, outdoor
soccer is only possible in the western coastal regions
of British Columbia. Holt goes on to speculate as to
the effects of this on Canadian talent development.
Holt provides no data or evidence to support the notion that a lack of access to outdoor soccer for long
periods harms development. This research is set to
quantitatively affirm or negate Holt’s assumptions.
In a broader context, Song and Zhang (2017) explore
the relationship between climatic factors and sports
development in general. Song and Zhang infer that
climatic, geographic, and topographic factors all have

a substantial influence on the feasibility and development of sports in different regions.
This study explores the effect of long-term climate
factors on the development and subsequent production of soccer players. Thornes (1977) on the other
hand, explores the effect of weather on many sports,
one of which is soccer. Similarly, Zhou et al (2019) examine the effect of weather on Chinese Super League
soccer games and finds different outcomes in matches
relating to the weather. Both these studies explore the
effects of daily environmental conditions on match
performance, whereas this study explores the effects
of long-term climatic factors on player production.
While this study is set to examine the correlation
between climate and soccer development, many others have explored the relationship between soccer development and different phenomena. The relative age
effect, for example, is a bias in high-level sport which
dictates that those born early in the relevant selection
period are overrepresented in their respective sport.
The relative age effect has been extensively researched
in many sports and within many countries. Helsen,
Van Winckel, and Williams (2005) find that across
ten countries’ national youth soccer teams, players
born in the first three months of the relevant year are
vastly overrepresented, proving the relative age effect
in national European youth soccer. Multiple other
studies have been conducted to explore the relative
age effect in different countries, such as Del Campo
et al’s 2010 study examining the relative age effect in
Spanish youth soccer players, which revealed the existence of the relative age effect in Spanish youth soccer.
Additionally, Delorme, Boiché, and Raspaud (2010)
were able to prove the relative age effect’s prevalence
in female youth soccer. Redkva, Paes, Fernandez, and
da-Silva, (2018), in a study examining the relationship
between individual soccer match performance and
field tests, use Pearson’s correlation coefficient to determine the numerical coefficient. This specific correlational test was employed in this study to determine
the correlation between climate and soccer player
production in Canada. With this study exploring the
effect of climate on soccer development, the possibility for new studies exploring climatic effects on soccer
in different regions and contexts is opened. There is,
as far as is clear, no scholarly research regarding the
effect of a region’s climate on sports player production. This is a significant gap that must be resolved.
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This study has begun filling the gap. This study explores the correlation between annual climatic factors
and soccer development.
Similarly to this, many studies have been conducted to find a correlation between climatic factors and
another variable. These studies must be analyzed in
order to effectively gauge ways in which climate may
be quantified and correlated. Ikegaya and Suganami
(2008), examine the correlation between climate and
crime in Eastern Tokyo. To quantify climate, they use
both monthly average temperature and humidity to
create a discomfort index. They then use a Poisson
regression model to predict the incidence of murder and hit and runs on days with differing types of
weather. Although that study provides insight on how
to quantify climate on a day-to-day basis, this study
explores average climatic conditions over long periods of time. Similarly, Toespu et al. (2020) analyzes
the correlation between daily weather and the number of Covid-19 cases in Jakarta, Indonesia. The paper
employs a secondary data analysis of both Covid-19
data and weather data from the Meteorological Department of Indonesia. Then the Spearman’s rank
correlation test — an alternative to the Pearson’s correlation coefficient — is used to determine the correlation. Interestingly, rather than combine a number
of climatic variables into one index like Ikegaya and
Suganamami (2008), Tospeu et al. (2020) individually
test different climatic variables’ correlation with daily
Covid incidence. The strongest correlation of all the
climatic variables tested was the average temperature
of the respective day. The correlation coefficient was
found to equal 0.392, which indicates a weak positive
correlation between the daily incidence of COVID-19
and average temperature. Srinivasan et al (2007) explore the correlation between climatic conditions and
the risk of testicular torsion in adolescent males. Patients who were diagnosed with testicular torsion over
a nine-year period were retroactively studied. The season, temperature, humidity, and atmospheric pressure
at the time of onset of symptoms were analyzed as
well. Spearman’s rank correlation was then performed
to find the relationship between atmospheric temperature and the frequency of testicular torsion. The
relation of the climatic variables to the incidence of
testicular torsion was individually assessed and their
correlation coefficients subsequently examined. It was
concluded that only the increasing of the atmospheric

temperature correlated with the incidence of testicular torsion. The correlation coefficient was found to
equal -0.94, a very strong negative correlation.
While some studies have briefly explored the relationship between climate and soccer development, no
study, as far as it is clear, has provided a quantitative
analysis of the relationship. The existing literature is
confined to a broad overview of the climate of Canada’s effect on soccer development when compared
with that of England’s. This study explores the correlation between male professional soccer player production and climate amongst all Canadian provinces. This
study is beginning to fill the existing gaps in the field
of soccer player production and climate in Canada,
and in turn, begin to fill the global research gap.

Methodology
This study examines the correlation between soccer
player development and climate amongst all Canadian provinces. A secondary data analysis was employed
to collect research on the two variables needed for the
study, and an archival correlational analysis using
Pearson’s correlation coefficient followed. The climate
of each Canadian province was quantified according
to the average annual temperature and precipitation.
Climate data for each province was obtained through
the Government of Canada’s historical climate records, which show climatic averages from 1981-2010
(2020). A professional soccer player is defined as one
who is listed on the active roster of a club competing in one of a nation’s top three professional soccer
leagues — in accordance with the FIFA 2019 Professional Football Report (2020). Professional players born outside of Canada that choose to represent
Canada in international competition were categorized
by the Canadian province they first lived in while under the age of 18. If the player in question has never
lived in Canada or came to Canada after the age of 18,
they were excluded from the study. This caveat is to
ensure that the measured Canadian players were adequately representative of whatever region they were
developed in.
In the context of this research, the climate is defined
as the average annual precipitation and temperature
of the province from 1981-2010. The annual average
temperature and precipitation of the province are
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measured by the mean of the average annual precipitation and temperature of the three most populated
cities in the respective province. Climate data (average
annual precipitation and temperature) was retrieved
from the Government of Canada’s historical climate
normals for each province (2020). This study considered only male players due to the novelty of professional women’s soccer around the world. The correlation is calculated according to the Pearson Correlation
Coefficient, also known as Pearson’s r, or the bivariate
correlation, which is used in correlational research of
a similar nature. The difference between Pearson’s and
Spearman’s correlation coefficients is that Pearson’s
coefficient works with a linear relationship between
the two variables whereas the Spearman Coefficient
works with monotonic relationships as well. Pearson’s
coefficient proved to be better suited to this study.
Data as to the number and birthplace of professional Canadian soccer players playing outside of the
United States and Canada at the onset of the 2020
season was retrieved from the website Soccerway.ca.
Soccerway maintains one of the world’s largest soccer
databases, providing reliable data on over 800 soccer
leagues and cups from more than 130 countries. Data
on the number and birthplace of Canadians playing
in either the Canadian Premier League, Major League
Soccer, USL Championship, and USL League 1 as of
the beginning of the 2020 season was obtained from

the roster of each club in the respective league and is
represented in the Appendix.
In order to effectively compare and contrast the
number of professional players produced by each
province or territory, the number of male professionals was divided by the total population of the province
(as of the fourth quarter of 2020), as found by the Government of Canada (2021), and multiplied by 100,000,
that is (#of Professionals/population)*100,000. This
effectively determines the number of professional
soccer players in a province per capita (per 100,000)
— this is to ensure that each province’s data is comparable to each other. Pearson’s correlation coefficient
was used to determine the correlation between the climate and professional soccer players per capita. This
is based largely on existing correlational research on
weather/climate and another variable, including that
of Tosepu et al. (2020), Shirzadi et al(2015), and Srinivasan et al(2007). The classification of the correlation between climate and soccer player production in
Canada was then determined by Pearson’s correlation
coefficient classification (as shown below).
In order to effectively measure the relationship
between climate and player production, two correlational tests were done. The first was to determine the
correlation between annual average temperature, in
Celsius, and professional soccer players per capita.
The second was to determine the correlation between
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average annual precipitation and professional soccer
players per capita. The two individual R-values represent the statistical correlation between the respective
climatic factor and soccer player production. The average of the two R-values was then calculated in order
to determine the overall statistical correlation between
climate and soccer player production in Canada.
In the event of an outlier appearing in the player
per capita value (per 100,000 people), a mathematical determination as to whether the data point is an
outlier was to take place, using the interquartile range.
According to the IQR method of outlier detection, an
outlier is defined as a point that falls more than 1.5
times the interquartile range above the third quartile
or below the first quartile — with the data regarding
professionals per capita (PPC) being divided into four
quartiles from smallest to largest. If a value was determined to be an outlier, the R-values for both the
data set including the outlier and omitting it would be
calculated. This provides two perspectives of the data.

Findings

aggregated to omit needless variance and outliers.
Additionally, the population of the combined Atlantic
provinces is more comparable to that of each of the
other provinces.
Figure 1 - Correlation Between Average Annual
Temperature and PPC
A strong positive correlation is evident in figure 1.
Figure 2 shows the correlation between annual precipitation and players produced.
Figure 2 - Correlation Between Average Annual Precipitation and PPC
The line of best fit in figure 2 runs slightly upward
and horizontally through the graph starting at around
an annual precipitation of 2500, indicating that the
precipitation that yields the highest PPC is a moderate
one. This indication however, cannot be confirmed by
a correlational test. The average of both the r-values
from the correlation between temperature and PPC
and precipitation and PPC without outliers equals
0.34, a weak positive correlation.

Discussion

Table 1 shows the climate of each Canadian province and their respective professionals and professional per capita.
The Atlantic provinces – Newfoundland and Labrador, New Brunswick, Nova Scotia, and P.E.I – were

All of the Canadian territories (Nunavut, North
West Territories, and the Yukon), which were not
examined in this study, have zero professional soccer players. All of these regions have temperatures of

Table 1

Province

Avg
Temperature
°C

Avg Precipitation
(mm)

Professionals

Professionals
per capita

Alberta

3.25

1233.5

30

.68

Atlantic Provinces

5.58

3760

7

.29

B.C.

9.52

2458.9

32

.62

Manitoba

2.66

1576.2

5

.36

Ontario

7.97

2680.8

131

.89

Quebec

5.41

3312.9

41

.48

Saskatchewan

2.35

1171.2

2

.17
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less than 2°C and average precipitation rates of below
1005mm per year. The largely inhospitable environment of the territories would prove difficult for potential athletes to develop in, as demonstrated by the
training of the Canadian Armed Forces in the Canadian territories (Lackenbauer & Lajeunesse, 2016).
The only other Canadian province or territory with
zero professional soccer players is Newfoundland
and Labrador, which has a precipitation rate around
four times that of Nunavut, the Yukon, and the
Northwest Territories. The Canadian Prairie Provinces, Alberta, Saskatchewan, and Manitoba, all have
similarly low precipitation rates of 1233.5, 1171.2,
and 1576.2 millimetres per year respectively. They
all have average annual temperatures of between

2.25°C and 3.25°C. Their
PPC rates are dissimilar
though with Alberta having
a much higher rate of professional player production
than Saskatchewan, with a
rate of .17, and Manitoba
with a rate of .36. This indicates that much more than
just the climate of a region
affects the rate of professional player production.
The PPC of Canada’s largest province (excluding
territories) Quebec, may
highlight another conclusion of Holt (2002), that
the size of Canada, being so
much larger than England,
“causes a dilution of soccer
talent and decreased (local)
competitive opportunities.”
These factors create significant hindrances in the formation of a comprehensive
talent development system.
The strong positive correlation of 0.60 evident in
figure 1 indicates that within Canada, a higher annual
average temperature yields
a moderately higher rate of
professional soccer player
production. Additionally and interestingly, all provinces with an average temperature of 6°C or higher
(B.C, Nova Scotia, and Ontario) have a PPC of .50
or greater, while not all provinces with a PPC of .50
or greater have an average temperature of more than
6°C (Alberta). With regard to annual average precipitation, two of the three provinces with a PPC of 0.6
or greater have average precipitation rates of between
2,000 and 3,000 millimeters per year, indicating, as
the line best fit in figure 2 does, that annual precipitation rates of 2000-3000mm yield the greatest PPCs. A
possible explanation for the slight positive correlation
of 0.08 in figure 2 is the correlation between precipitation and temperature within Canadian provinces
shown in figure 3.
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Figure 3 - Correlation Between Average Annual Precipitation
and Average Annual Temperature

the notions put forward by
Holt (2002) in his section on
climate, that is, that the inability of the Canadian provinces
(B.C. excepted) to play outdoor soccer in all months of
the year lead to poorer soccer
development when compared
to the player development of
England.

Conclusion

Figure 3 shows the correlation between precipitation and temperature. The existing correlation is
prevalent to the same extent as the correlation between temperature and precipitation documented in
figure 2. The strong positive correlation of .58 in this
graph shows that Canadian provinces and territories
with low levels of annual precipitation also have low
temperatures. Areas with precipitation levels of less
than 2000mm have average temperatures of less than
4°C, while areas with precipitation levels ranging from
3000mm to 5000mm have temperatures of more than
4°C and less than 6°C. Between the two annual precipitation levels of 2000mm and 3000mm are the two
provinces with the highest annual temperatures, B.C
and Ontario, which make up two of the three provinces with the highest PPC’s, .62 and .89 respectively —
possibly indicating that these provinces have the best
climates for soccer player production in Canada. The
climate of Alberta somewhat disproves this though,
with a provincial climate similar to that of Manitoba
and Saskatchewan and a PPC of .68, greater than that
of British Columbia. Alberta’s high PPC is also in disagreement with the findings of Nicholas Holt (2002),
who placed particular importance on the possibility of
outdoor soccer being a factor in Canadian soccer development and that this was only possible in the western coastal regions of British Columbia. Ontario and
Alberta having the two highest rates of professional
soccer player production per capita serves to amend

The results of this study
infer that, within Canada, regions with the highest average
annual temperatures will generally produce higher numbers
of professional soccer players per capita. With regard
to precipitation, it can be concluded that high or low
rates of annual precipitation have little bearing on the
production of soccer players from that region. Conversely, it can also be observed that within Canada,
provinces with moderate levels of precipitation, specifically 2000-3000 millimetres per year, have the
highest rate of professional soccer player production
per capita within Canada. This study serves to provide an exact numerical value for the effect a region’s
climate has with regard to the production of professional soccer players amongst the Canadian provinces
— something that, as far as it is apparent, has not been
explored before in any region. The real-world implications of these findings are vast. The speculative affirmation of Nicholas Holt’s findings relating to temperature of a region and soccer player production imply
that a lack of access to indoor facilities may affect, to
a significant extent, the production and development
of Canadian soccer players. But, little can be substantially concluded due to the little amount of data supporting the study. If Canada wants to be a real power
on the international soccer stage, then consideration
should be taken to fund indoor soccer facilities in the
coldest regions and possibly subsidize the expense.
Future exploration in this sparsely researched field of
climate and sports development — in particular soccer development, must explore the effect of climate on
professional player production in other countries and
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climates, and on different scopes. Additionally, the
effects of other factors on soccer player production
should be explored and contrasted.

Limitations
The conclusions of this study are limited, due in
large part to the little amount of data analyzed. As such,
future research should explore this topic with greater
swaths of data in order to solidify a conclusion. The
USL League One is the third division of professional
soccer in the United States. The only Canadian professional soccer team in the league, Toronto FC II, usually competes and fields a team composed of mostly
Canadian players. In the 2019 season for example, the
official TFC II roster had 24 Canadian players. In 2020
though, the team announced they would not play in
the 2020 USL League One season due to COVID-19
restrictions. This limits the accuracy of the study’s results, as in a regular season, there would be around 24
more Canadian professionals from varying provinces.
Another limitation preventing entirely objective and
accurate results is the method employed to account
for a region’s climate. As discussed previously, the
climates of the top three most populous cities within
each province or territory were averaged to present a
climate representative of the whole area. This method
is imperfect as the three most populous cities may not
be an accurate representation of the area from which a
professional soccer player could have originated, and
is not an entirely accurate representation of an entire
area’s climate. While the climate of the region a soccer
player develops plays a moderate factor in the development of the player, at least in Canada, it is far from
the only factor, or most important one. Along with
climate, Holt (2002) researches the effects on soccer
player development of ability and relative age advantage, competitive exposure, coach education levels,
and geography. Similarly, Song and Zhang (2017),
explore the relationship between culture and sports
development, in which it is concluded that a region’s
attitude toward specific sports may be influenced by
climatic and geographic factors.
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Province

Appendix A
All of the data used in the completion of the study.

Avg
Temperature
°C

Avg
Precipitation
(mm)

Population

Professionals

Professionals per
capita

Alberta

3.25

1233.5

4,428,082

30

.68

B.C.

9.52

2458.9

5,145,785

32

.62

Manitoba

2.66

1576.2

1,379,469

5

.36

New Brunswick

5.37

3573.5

781,282

1

.13

Newfoundland
and Labrador

4.88

3919

520,961

0

0

N.W.T

1.37

865.9

45,037

0

0

Nova Scotia

6.45

4168.4

979,089

5

.51

Nunavut

-9.7

1000.3

39,288

0

0

Ontario

7.97

2680.8

14,733,506

131

.89

P.E.I

5.61

3379

159,747

1

6.26

Quebec

5.41

3312.9

8,575,812

41

.48

Saskatchewan

2.35

1171.2

1,177,782

2

.17

Yukon

-2.41

1003.2

42,165

0

0

(Q4 2020)
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Appendix B

Canadian professional soccer players in the 2020
USL Championship rosters.

Number of Professional Players From Each
Province and Territory
Canadian professional soccer players in the 2020
Canadian Premier League rosters (provinces and territories without any players are not displayed).

Province

Professionals

B.C.

2

Nova Scotia

1

Ontario

13

Province

Professionals

Quebec

3

Alberta

23

Saskatchewan

1

B.C.

16

Manitoba

3

New Brunswick

1

Nova Scotia

3

Ontario

60

P.E.I

1

Quebec

25

Saskatchewan

1

Canadian professional soccer players in the 2020
USL League 1 rosters.

Province

Professionals

B.C.

1

Ontario

1

Canadian professional soccer players playing professionally abroad at the outset of the 2020 season.

Canadian professional soccer players in the 2020
Major League Soccer rosters.

Province

Professionals

Alberta

4

B.C.

4

Province

Professionals

Manitoba

2

Alberta

3

Ontario

32

B.C.

9

Quebec

4

Nova Scotia

1

Ontario

25

Quebec

9
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REPRESENTATION OF WOMEN AND THE PERCEPTION OF FEMALE POLITICIANS

Representation of Women in US History Texts and the
Perception of Female Politicians
Ainsley Gill
There is a distinct lack of research identifying the relationship between the way Americans learn
about women and the way they perceive them, despite the fact that the root cause for the discrimination women experience in both of these fields is traditional gender roles. As such, this study
sought to determine the correlation between the lack of female figures included in American history curricula and the students’ level of gender bias towards modern female politicians. To do so, I
used a mixed methods approach that combined content analysis with a survey to study individuals’
perceptions of female politicians and the U.S. history text they learned from. The textbook studied
significantly underrepresented women, while discussing men to a much greater extent. Additionally, gender bias was clearly present in the population surveyed. A moderate negative correlation
exists between women’s representation in textbooks and students’ level of gender bias against
female politicians.
Keywords: textbooks, gender bias, female politicians, U.S. history

Introduction

Literature Review

History textbooks paint an often incomplete picture of American history. They almost always ignore
female contributions to history and in doing so create
the false illusion that women played little role in it.
(Dietrichson, 2019). To further explore this previously established truth and its modern implications, this
study identified the correlation between women’s representation in America, Humble Independent School
District’s junior-level Advanced Placement US history
textbook, and students’ level of gender bias towards
female politicians through content analysis and a survey with statement and video evaluation portions.
This textbook examined by this study, published in
2015 and designed to cover America’s social, political, economic, and cultural development, was found
to be moderately negatively correlated with students’
gender bias against female politicians.

From ages six to eighteen, children in the U.S.
spend 8 hours a day, 10 months a year in school. K-12
education thus plays an influential role in their growth
and development. This influence is particularly
prominent in adolescence, a stage of life identified by
child psychologists as a “key transition [point]” due to
the fast pace of development characterized not only
by puberty, but also by a fundamental alteration in
“how young people think [about] and engage [with]
the world” (Blum et al., 2014). During this period,
what adolescents learn about and are exposed to has
great potential to shape their future worldviews. Cognizant of this fact, researchers with the Johns Hopkins
School of Public Health have identified adolescence as
“a unique opportunity to address gender attitudes before they become more solidified…puberty reshapes
male and female self-perceptions, as well as social ex-
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pectations from others (e.g. family members, peers)”
(Kågesten et al., 2016).
Before continuing this discussion, it’s important
to make a few key clarifications. This paper focuses
predominantly on the topic of ‘gender attitudes’ as
they relate to traditional gender roles. Gender roles
are defined as “the roles men and women are expected to occupy based on their sex,” often encapsulating traditional characterizations of masculinity and
femininity and including differing expectations for
men and women at home, in the workplace, and as
leaders (Blackstone, 2003). Traditional gender roles
that characterize men as breadwinners and women
as homemakers have their roots in the early development of gender-specific work across pre-industrial
agricultural societies worldwide. The division of labor
in agricultural societies significantly shaped the modern understanding of gender roles. The tools used in
plough-based agricultural work give men a biological
advantage over women, and since preparing the soil
for planting “accounts for about one-third” of all agricultural tasks, societies based on plough agriculture
“developed a specialization of production along gender lines” with men working “outside the home in the
fields, while women specialized…[within] the home”
(Alesina et al., 2013). Due to the fact that ploughbased agriculture was foundational for many early
societies worldwide, the gender roles set in the fields
persisted as early economies developed, “affecting the
participation of women in activities performed outside the home, such as market employment, entrepreneurship, [and] participation in politics’’ (Alesina
et al., 2013). This division of labor established within
early societies remains relevant today.
These aforementioned traditional ideas about gender roles present a significant barrier to the inclusion
of women in history education. Oftentimes, women
are represented in history curricula “only if they can
be measured ‘according to the male norm of greatness’” and not through a holistic view of human experience (Scheiner-Fisher, 2013). As a result, state educational standards nationwide provide a biased and
inadequate foundation for a comprehensive understanding of the role of women in American history.
On the whole, state standards “do not collectively address the breadth and depth of women’s history” while
addressing only “a minority of topics and groups,” thus
implying “that women’s history is not important” ac-

cording to analysis by the National Women’s History
Museum (n.d.). State standards play a crucial role in
determining what students learn. Textbook content,
teachers’ lesson plans, and end-of-course exams are all
centered around the content dictated in the standards.
Thus, it stands to reason that educational standards
that do not adequately represent women’s contributions would result in the adoption of textbooks and
curricula that also inadequately represent women.
Beyond the confines of textbooks and classrooms,
women are also a minority within political representation. Despite the fact that women make up 51% of
the U.S. population, they hold only 23.6% of federal
elected offices, according to the Center for American
Women and Politics (n.d.). Extensive research regarding the perception of women in leadership roles, both
political and corporate, has been performed. Few differences in leadership styles between men and women
have been identified. Rather, “the largest gender differences are found in how leaders are evaluated. Women
tend to be evaluated more negatively in leadership positions, as compared with men” (Bakina, 2013). To illustrate, a report analyzing perceptions of gender and
leadership in the 2020 Democratic primary found that
male candidates are generally seen as more presidential and electable with “less than 15% [of these voters
rating] the women candidates higher on these traits”
(Lean In, 2020). The same report found that these
two traits are two of the most important predictors
of who voters support, and women seem to have a
natural disadvantage. In order to discover why this
is, numerous studies have also delved into the factors
underlying their comparatively negative assessment.
Overall, their findings can be summarized into two
main influences: “the perception of women as possessing less leadership ability than men” and “the
less favorable evaluation of behavior that fulfills the
prescriptions of leader role (and thereby violates the
female gender role) when this behavior is enacted by a
woman compared with a man” (Eagly & Karau, 2002).
Both of these influences stem from a stereotypical
and historical understanding of gender roles, a factor appearing prominently across similar research. A
meta-analysis of several studies concluded that female
leaders are punished for deviating from the feminine
gender role, a trend that seems to disproportionately
shape the American perception of leadership (Eagly
et al., 1992).
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In the discussion of these two fields, a major factor underlying both emerges. The dominance of traditional gender roles and stereotypical ideas about
gender significantly contributes to both the male-centered portrayal of history dominating K-12 education
and the widespread disadvantage in public perception that female leaders face. Within history classes,
the content taught often upholds traditional gender
roles, emphasizing the so-called great men of history presidents, generals, statesmen, and founding fathers
- while “[overemphasizing] women in their domestic
roles” (National Women’s History Museum, n.d.).
When schools continue to teach and emphasize traditional gender roles to younger generations through
history education and the figures focused on in student learning, it is likely that these norms, which authorities on gender research have described as “harmful” and “outdated,” will continue to persist many
years into the future (Polman, 2017). For women in
politics, their violations of traditional gender roles
and society’s strict ideals about femininity and masculinity are at the heart of the discrimination and much
of the negative perception they face when compared
to their male counterparts (Eagly & Karau, 2002). One
potential factor contributing to this perception is the
way in which American history is taught and the way
women are represented within a US history course
text. However, despite the two topics’ shared connection to traditional gender roles and the extensive
literature examining the perception of female leaders,
there is a distinct gap in the research identifying the
relationship between the way Americans learn about
women and the way they perceive them, in particular
female politicians. This paper seeks to address this by
determining the correlation between the general lack
of female figures included in American history curricula and the students’ level of gender bias towards
modern female politicians. Based on prior literature
in this field, it was hypothesized that there is a negative correlation between women’s representation in a
US History text and the level of gender bias held by
students against modern female politicians.

Methodology
To address my research question, I used a mixedmethods approach combining content analysis with a

survey through statistical synthesis to study both individuals’ perceptions of female politicians in the U.S.
and the primary U.S. history text they learned from.
I chose to analyze U.S. history because it is a course
taught to nearly all American high school students, ,
and because it is the history course most relevant and
applicable to the way Americans view female politicians, due to the fact that U.S. history sets a standard
for who and/or what is valued in America. It was important to note that in order for any correlation to be
meaningful, the correlation needed to be between my
subjects and the specific text from which they learned
U.S. history, rather than just any U.S. history text. To
analyze this text, I utilized content analysis, specifically conceptual content analysis, to code for indicators of women’s representation in the text. I chose this
method because it provided quantitative data points
in the form of ratios and percentages that enable
more objective and concrete analysis, as opposed to
a qualitative analysis dependent on my own judgement which would be less credible. To assess subjects’
perceptions of female politicians, I relied on the descriptive research method in the form of a survey. This
form was optimal for my study because a survey allowed me to better understand individuals’ opinions
and “gather quantifiable information that can be used
to statistically analyze a target audience” (USC Annenberg, n.d.). Additionally, a survey allowed me to
collect data from a larger sample size and categorize
my findings more quantitatively and objectively. This
was crucial to my research because I needed to have
mainly quantitative data in order to calculate the correlation between the survey and the content analysis.
To synthesize the data, I used Pearson’s correlation coefficient, a statistical measure that determines the linear correlation between two sets of data. This uniquely
provided a method of determining the statistical relationship between my two main areas of research,
which would otherwise be hard to compare.
In order to comprehensively answer my research
question, I chose to limit the scope of my study
to Humble Independent School District (ISD) juniors enrolled in Advanced Placement U.S. History
(APUSH) learning primarily from the text chosen
by the district - America authored by David Shi and
George Tindall. This way, I could analyze the details of
the exact content that students are being taught.
I analyzed each chapter of the textbook according
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to a modified version of the criteria used by Clark et
al. in their 2005 study of women’s representation in
high school level world history textbooks. Although I
was studying U.S. history instead of world history, the
criteria are equally applicable since the indicators are
not specific to any discipline of history.
The first criterion I analyzed was the ratio of female
to male names, this being the most basic measure of
comparing gender representation within the text. I
tallied each unique male or female figure mentioned
in the chapter, with a name being counted only once
per chapter. I tracked these names on a spreadsheet
and any names present across multiple chapters were
eliminated in the compilation of data for the entire
course. If the gender of the figure mentioned was unclear, I referred to the pronouns used, nearby images,
and other context clues.
The second criterion I evaluated was the percentage
of pages per chapter that “mentioned women or women’s issues” (Clark et al., 2005). I coded for this by hand
within the text. I counted pages if they mentioned a female figure in any context and/or if an issue specifically
relating to women was mentioned, including but not
limited to suffrage and reproductive rights. It is important to note that the bar for this marker was relatively
low, with the appearance of the word “woman” at any
point being sufficient justification to count the page.
This indicator allowed me to determine an overall idea
of the extent to which women and women’s issues were
present within the text as a whole.
The third criterion I coded for was the amount of
women receiving a paragraph’s worth of text in the
chapter. I deviated slightly from the Clark study’s
model here as their criterion was specifically for
“women who received a paragraph or more of text”
because I wanted to account not only for the times
when a woman received a cohesive paragraph explaining her contributions but also for when a woman received multiple sentences spread throughout a
chapter about her contributions. A paragraph’s worth
of text was defined as three to four sentences located
anywhere in the chapter, including informational captions, that focused on the lives, accomplishments,
and/or contributions of the same woman. This indicator allowed me to understand whether the text went
beyond simply mentioning female historical figures
and to better garner the quality and depth of information in the text.

The fourth and fifth criteria analyzed the pictures
within the text. The fourth criterion evaluated the ratio of named women to named men within the captions of images. The fifth criterion was a ratio of images containing women to all pictures of humans within
the text. These measures provided analysis of a different aspect of women’s representation and added depth
to my study. Overall, I analyzed all 5 criteria within
each chapter, with the compiled data from all of the
chapters making up the data for the entire course.
Additionally, with my intent to evaluate students’
attitudes towards modern female politicians in mind,
I developed an additional metric of my own design
to assess the extent to which the women included in
the text subvert or uphold traditional gender roles.
I believed this could be an influential factor in students’ perceptions of female politicians, since these
women have historically faced bias rooted in a traditional understanding of gender roles. This metric is
a point based system where each woman mentioned
could earn up to three points. Each named woman
in the text was awarded the first point simply for being included in the text. The second point was earned
if the woman was independently mentioned on her
own merits, rather than being introduced as ‘the wife
of ’ a man mentioned in the text. The final point was
awarded if the woman was mentioned in a context
that subverts traditional gender roles, i.e. work outside of the home and domestic field, leadership, or
contributions in politics or STEM. Even if a woman
was mentioned in relation to her husband, and thus
did not earn the second point, she could still have
earned the third point if the author went on to detail her individual contributions and/or the context in
which she subverts traditional gender roles. For example, historical figure and first lady Abigail Adams
was mentioned as the wife of John Adams, but her
work as an early advocate for women’s rights would
earn her two points under my metric (one for being
mentioned and one for subverting traditional gender
roles). Each named woman in the text was noted on a
spreadsheet and the points she earned within the metric were tracked, along with quotes from the text as
justification. The template used to collect data for the
content analysis in each chapter is included in Appendix B. I was the only one coding the text and so while
the measurements I coded for were objective, eliminating any researcher bias, human error is possible.
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Any error, though, is unlikely to be significant enough
to skew the results of my study in any meaningful way.
It is also important to note that my study is limited in
that it does not account for what the teacher decides
to include, emphasize, or ignore in regards to women’s
history during class lectures, though these lectures do
unmistakably contribute to students’ understanding
of history.
To determine students’ perceptions of modern
female politicians, I utilized a survey, which can be
viewed in its entirety in Appendix A. I chose to sample only Humble ISD APUSH students since they had
learned U.S. history from the textbook I analyzed. It
was necessary to confine the sample size to this group
because I sought to identify the relationship between
the portrayal of women in the text and the perception of female politicians and this data could become
skewed if students who did not learn primarily from
this text were sampled and thus distort the correlation
between the two. Due to these logistical limitations,
my sample size was confined to 50 individuals. While
this may seem numerically small, roughly 160-240
students were enrolled in AP US history between the
two schools. Thus, my sample size represented over
10% of the population, meaning that my findings
are still reliable and credible, despite the numerically small sample size. The first part of the survey was
modeled after a measure of gender bias used by Pew
Research Center. The questions were prefaced with
a brief introductory statement about the number of
women serving as governors and senators that noted
that there are fewer women in high political offices
than men. I included this exact statement in my survey, making only a minor modification to ensure the
exact number of women in those offices was current
at the time of survey distribution. Immediately following this introduction, respondents were asked to
evaluate 7 statements on women and political leadership designed to mask the survey’s intent of assessing
gender bias in order to avoid the effects of social desirability bias. Those surveyed chose whether this was a
major, minor, or not a reason for women’s underrepresentation in politics. This serves to reduce social desirability bias because the questions are phrased so that
those surveyed are not choosing the extent to which
they agree with the statement explicitly. However, if
those surveyed considered the provided statement to
be a major or minor reason for women’s underrepre-

sentation in politics, “they were demonstrating that
they accepted the biased statement as being accurate”
(Setzler, 2019). In this way, I was able to gauge students’ perceptions of modern female politicians while
minimizing the effects of bias. However, it is important to recognize that the potential for my survey results to be affected by social desirability bias cannot
be completely eliminated, as with many studies assessing gender bias and sexism. The impacts of social
desirability bias were minimized as much as possible
through anonymous survey responses and the use
of statements specifically designed by Pew Research
Center for that purpose.
In the second half of the survey, respondents were
shown brief videos of 4 candidates and then were
asked to evaluate a series of statements describing
the candidates’ electability and leadership qualities.
The four candidates selected were all relatively wellknown US politicians and were evenly split between
both male and female and Democrat and Republican
to minimize any partisan bias and allow for the most
accurate evaluation of respondents’ perceptions. Students were asked to rank politicians from 1 to 5 on
5 different traits: authenticity, competence, integrity,
benevolence, and leadership. These traits were identified as important “qualities that citizens might expect
politicians to display” (Valgarossen et al, 2020). Definitions of each of these terms were provided before
each question in order to ensure clarity and enable all
participants to respond to the best of their ability. Finally, respondents were asked to indicate how likely
they would be to vote for that candidate if the candidate shared their political views to provide a more
cohesive evaluation of the person’s merits as a politician. The question was specifically phrased in order to
eliminate partisan bias.
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Results, Conclusions, & Future
Directions
Content Analysis Results
After completing my content analysis of the Humble ISD AP US History course textbook, I found that
only a small portion of the content was devoted to
women. There were just 140 women named throughout the textbook’s 30 chapters compared to the 978
men included, meaning that there were roughly 7 men
for every woman.
Though women made up roughly 12% of the historical figures included, they were not represented
proportionally throughout the chapters. This is significant because chapters are used to break the text into
time periods; thus, women were not proportionally included throughout all periods of history. The vast majority of chapters introduced no more than 5 named
women, while certain chapters, including those covering the reform movements of the 19th century and
the cultural and social change of the 1920s, marked
significant spikes in representation that brought up
the average. In contrast, each chapter introduced an

average of over 30 unique men. The women included
were often highlighted as wives, daughters, and mistresses, as in the case of Rachel Jackson (mistress and
later wife of President Jackson) and Virginia Dare
(daughter of English settler John White). Nonetheless, women were often spotlighted for their literary
endeavors, including Harriet Beecher Stowe for Uncle
Tom’s Cabin and Charlotte Perkins Gilman for “The
Yellow Wallpaper.” Female activists were also prominent throughout multiple time periods, including
Jane Addams, Frances Willard, and Betty Friedan.
Of the 140 women mentioned in the textbook, 75,
or just over half, earned all 3 points on my self-developed metric to assess the quality of women’s representation, indicating the highest possible score, meaning
that they were mentioned on their own merits in a
context that subverted traditional gender roles. The
average score on the quality metric was 2.279, indicating that women gained 2 out of the 3 possible points
on average.
Out of the 1,114 pages, 283 of them, or about 25%,
mentioned women or women’s issues, though it must
be noted that this was a fairly low bar. If the word
“woman” appeared in any context on a page, it was
counted.
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Women were represented at similarly low rates in
textbook images and captions, with 97 out of the 362
images of people, or about 27%, containing women.
In the captions, women were named 32 times, in comparison to the 227 men named, resulting in about 7
men for every woman named, similar to the main
text. Clearly, women were significantly underrepresented in all areas of the textbook, while men and
their contributions to history were discussed to a
much greater extent.

Survey Results
The first section of my survey was a statement
evaluation portion designed to evaluate gender bias
in a non-explicit way by asking students to choose
whether each statement was a major reason, minor
reason, or not a reason why there are fewer women
in politics. Overall, respondents determined, on average, that each statement was a minor reason why there
are fewer women in politics, with the majority of students choosing that each statement was either a major
or minor reason. As explained by prior research using this set of statement evaluations, “ If a respondent
said this statement accounts for underrepresentation,

they were demonstrating that they accepted the biased
statement as being accurate” (Setzler, 2019). Thus, a
majority of students believed the biased statements
to be true. However, the statements with the most explicit gender bias - “Generally speaking, women don’t
make as good leaders as men” and “Generally speaking, women aren’t tough enough for politics” - marked
a sharp departure from this trend, with the majority
of respondents determining that this was not a reason
why there are fewer women in politics. Students were
significantly less likely to agree with the most explicitly sexist statements, but gender bias was still clearly
present in the population surveyed due to the fact that
the majority of respondents considered the other 5
less explicit measures of bias to be true.
In the second section of my survey, respondents
watched brief video clips of 4 different politicians giving official speeches to the public or in Congress and
rated their authenticity, competence, integrity, benevolence, and leadership on a scale of 1 to 5, with 1 being
low, 5 being high, and 3 being neutral. The politicians’
average scores for each trait are broken down in Appendix C. Overall, respondents rated the 4 politicians
very similarly across each trait on average, with a
spread of less than one point for each category. Sena-
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tor Susan Collins had a small lead over the other politicians in each category. On average, subjects ranked
her 0.25 points higher than Senate Majority Leader
Chuck Schumer, 0.38 points higher than Speaker

Nancy Pelosi, and 0.72 points higher than Senate Minority Leader Mitch McConnell. When subjects were
asked how likely they would be to vote for each politician, average scores were very similar with Schumer,
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Pelosi, and McConnell receiving an average response
of “neutral” and Collins receiving an average response
of “somewhat likely,” again just slightly higher than
the other politicians. Overall, there was little distinction in ranking between the 4 politicians and no clear
trends based on gender or party alignment emerged.

Statistical Synthesis
After gathering this data from the content analysis
and the surveys, I determined the correlation between
the two areas of study using Pearson’s correlation
coefficient. To calculate this, I used the indicators of
women’s representation in the textbook, the average
score of women in the textbook on the 3-point quality metric, and the percentage of women who earned
all three points on the quality metric compared with
the percentage of survey respondents who deemed
that it was either a “major” or “minor” reason why
there were fewer women in politics, broken down
into each of the 7 statements, as shown in Appendix
D. My calculations yielded a correlation coefficient of
-0.4978, or roughly -0.5, which indicates a moderate
negative correlation between women’s representation
in textbooks and students’ level of gender bias against
female politicians. This indicates a moderately strong
relationship between the two and that as women’s representation in the textbook decreases, the gender bias
towards female politicians increases. The video evaluations of politicians were omitted from the data due
to the negligible differences in their average rating.
It is likely that any slight variations in their average
ratings were due to personal political bias rather than
an honest evaluation of their traits, since trait ratings
were often polarizing, often including a roughly equal
number of the highest and lowest possible ratings for
each trait, especially for the most politically divisive
figures - Democratic Speaker Nancy Pelosi and Senate
Minority Leader Mitch McConnell. Probably because
of partisan bias, no clear trends emerged in the ratings
between men and women or between members of the
same political party. Thus, these values were not used
to calculate the correlation coefficient.

New Understanding
Based on the interpretation of the value calculated
in the correlation coefficient, there is a moderately

strong negative correlation between women’s representation in the text and the perception of female politicians. This means that the fewer women there are
represented in the text, the higher gender bias towards
female politicians is likely to be.
The relationship may even be stronger than indicated. A correlation of 0.5 is generally considered to
be moderately strong; however, when the data is “difficult to measure,” correlations above 0.6 are “rarely
[seen],” resulting in correlations above 0.4 to be considered “relatively strong” (McLeod 2020). This means
that for studies analyzing more subjective data, like
the gender bias in this study, a correlation coefficient
of 0.5 is likely indicative of a relatively strong correlation, while for other studies centered on objective
data, like those dealing with socioeconomic and demographic data, it would only indicate a moderate
correlation. Thus, at the very least, the correlation
found in this study indicates a moderate relationship between women’s representation in US History
textbooks and bias towards female politicians that is
likely even stronger, due to the subjectivity of the data
analyzed.

Implications
While this study did not establish direct causation,
it is likely that an increase in women’s representation
in textbooks would correlate with a decrease in gender
bias against female politicians as students learn more
about the contributions of women and female leaders in history. National and state education standards
should be amended to more comprehensively include
women’s contributions throughout all periods of history due to the important role these standards play in
shaping what is taught in textbooks and in the classroom. Schools and school districts should consider
the representation of women when selecting textbooks, and textbook writers should make a conscious
effort to recognize and include the contributions of
women across all periods of history. Organizations
fighting for gender parity should also focus efforts on
improving female representation in history education,
as an increase in this representation is likely to correlate with a decrease in gender bias, which would likely
be in line with and advance the goals of any gender
equity organization.
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Limitations

References

One limitation of my findings was that while I
did ensure that the textbook was regularly used in
classroom learning, there was no way to ensure that
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study did not evaluate the exact content taught by
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lack of direct exposure to women in leadership roles.
Finally, due to the nature of correlational research, no
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perceptions of female politicians were directly caused
by the representation of women within the textbook.

Future Research
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these conclusions, future research could replicate this
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to approach the question of whether women’s representation in history classes directly affects perceptions
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gain greater insight into students’ explanation of their
views and the most prominent contributing factors.

Conclusion
The identification of this newly-confirmed relationship has brought forth important implications
for schools, teachers, education systems, and organizations working towards gender equality. In order to
combat gender bias, it is crucial to consider not only
what but also who the future of America learns about.
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Appendix A
Survey Questionnaire
By typing my name below I give permission for the
answers provided to be used or reproduced anonymously. I understand that my responses will be used
in the formulation of an academic paper and presentation and may be published as part of a larger data
set. I understand that my identity will be protected
and I will remain anonymous throughout the entire
process.
As you may know, our country has 9 women governors out of 50 and 26 women senators out of 100.
There may be many reasons that there are fewer women than men in high political offices. The questions
that follow list some of them. For each, please indicate
whether you think it is a major reason, a minor reason, or not a reason why there are fewer women in
politics.
--- I have read and acknowledge the introductory
statement above.
For each of the following statements, please indicate whether it is a major reason, minor reason, or not
a reason why there are fewer women in politics.
Women who are active in party politics get held
back by men.
Major Reason
Minor Reason
Not A Reason
Women’s responsibilities to family don’t leave
enough time for politics.
Major Reason
Minor Reason
Not A Reason
Women are discriminated against in all areas of life,
and politics is no exception.
Major Reason
Minor Reason
Not A Reason
Many Americans aren’t ready to elect a woman to
higher office.
Major Reason
Minor Reason
Not A Reason
Generally speaking, women don’t make as good
leaders as men.
Major Reason
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Minor Reason
Not A Reason
Fewer women have the experience required for
higher office.
Major Reason
Minor Reason
Not A Reason
Generally speaking, women aren’t tough enough
for politics.
Major Reason
Minor Reason
Not A Reason
Susan Collins’ Senate Acceptance Speech (November 4, 2020)
https://www.youtube.com/
watch?v=wOtAn2DEKKQ&feature=emb_logo
Definitions
The following definitions are provided for clarity
and context.
Authenticity: the capacity to be perceived to understand the concerns of others and share an understanding of their everyday lives
Competence: associated with skill, effectiveness,
getting things done
Integrity: associated with honesty, being true to
principles, keeping promises
Benevolence: the extent to which a person cares
about others’ welfare and is motivated to act in the
public interest
Leadership: the ability to motivate a group of people to act toward achieving a common goal
Please evaluate the politician above for the following traits on a scale of 1-5, with 5 being the highest and 1 being the lowest.
Authenticity
Competence
Integrity
Benevolence
Leadership

1 - Low
1 - Low
1 - Low
1 - Low
1 - Low

2
2
2
2
2

3 - Neutral
3 - Neutral
3 - Neutral
3 - Neutral
3 - Neutral

4
4
4
4
4

5 - High
5 - High
5 - High
5 - High
5 - High

If this person shared your political beliefs, how
likely would you be to vote for them?
Extremely Likely
Likely
Somewhat Likely
Neutral

Somewhat Unlikely
Unlikely
Extremely Unlikely
Chuck Schumer’s Speech at the Presidential Inauguration (January 20, 2017)
https://www.youtube.com/
watch?v=WS2XBu8b98Q&feature=emb_logo
Definitions
The following definitions are provided for clarity
and context.
Authenticity: the capacity to be perceived to understand the concerns of others and share an understanding of their everyday lives
Competence: associated with skill, effectiveness,
getting things done
Integrity: associated with honesty, being true to
principles, keeping promises
Benevolence: the extent to which a person cares
about others’ welfare and is motivated to act in the
public interest
Leadership: the ability to motivate a group of people to act toward achieving a common goal
Please evaluate the politician above for the following traits on a scale of 1-5, with 5 being the highest and 1 being the lowest.
Authenticity
Competence
Integrity
Benevolence
Leadership

1 - Low
1 - Low
1 - Low
1 - Low
1 - Low

2
2
2
2
2

3 - Neutral
3 - Neutral
3 - Neutral
3 - Neutral
3 - Neutral

4
4
4
4
4

5 - High
5 - High
5 - High
5 - High
5 - High

If this person shared your political beliefs, how
likely would you be to vote for them?
Extremely Likely
Likely
Somewhat Likely
Neutral
Somewhat Unlikely
Unlikely
Extremely Unlikely
Nancy Pelosi’s Speech on COVID Relief (March
13, 2020)
https://www.youtube.com/watch?v=_vehybF9QE&feature=emb_logo
Definitions
The following definitions are provided for clarity
and context.
Authenticity: the capacity to be perceived to under-
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stand the concerns of others and share an understanding of their everyday lives
Competence: associated with skill, effectiveness,
getting things done
Integrity: associated with honesty, being true to
principles, keeping promises
Benevolence: the extent to which a person cares
about others’ welfare and is motivated to act in the
public interest
Leadership: the ability to motivate a group of people to act toward achieving a common goal
Please evaluate the politician above for the following traits on a scale of 1-5, with 5 being the highest and 1 being the lowest.
Authenticity
Competence
Integrity
Benevolence
Leadership

1 - Low
1 - Low
1 - Low
1 - Low
1 - Low

2
2
2
2
2

3 - Neutral
3 - Neutral
3 - Neutral
3 - Neutral
3 - Neutral

4
4
4
4
4

5 - High
5 - High
5 - High
5 - High
5 - High

ple to act toward achieving a common goal
Please evaluate the politician above for the following traits on a scale of 1-5, with 5 being the highest and 1 being the lowest.
Authenticity
Competence
Integrity
Benevolence
Leadership

1 - Low
1 - Low
1 - Low
1 - Low
1 - Low

2
2
2
2
2

3 - Neutral
3 - Neutral
3 - Neutral
3 - Neutral
3 - Neutral

4
4
4
4
4

5 - High
5 - High
5 - High
5 - High
5 - High

If this person shared your political beliefs, how
likely would you be to vote for them?
Extremely Likely
Likely
Somewhat Likely
Neutral
Somewhat Unlikely
Unlikely
Extremely Unlikely

If this person shared your political beliefs, how
likely would you be to vote for them?
Extremely Likely
Likely
Somewhat Likely
Neutral
Somewhat Unlikely
Unlikely
Extremely Unlikely
Mitch McConnell’s Speech on COVID Relief
(March 20, 2020)
https://www.youtube.com/
watch?v=vFtX89atK7w&feature=emb_logo
Definitions
The following definitions are provided for clarity
and context.
Authenticity: the capacity to be perceived to understand the concerns of others and share an understanding of their everyday lives
Competence: associated with skill, effectiveness,
getting things done
Integrity: associated with honesty, being true to
principles, keeping promises
Benevolence: the extent to which a person cares
about others’ welfare and is motivated to act in the
public interest
Leadership: the ability to motivate a group of peo-
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Appendix B
Chapter Content Analysis Template

Appendix C
Candidates’ Average Scores for Trait
Evaluation
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Appendix D
Data Used to Calculate the Correlation
Coefficient
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THE INHIBITION AND ERADICATION OF STAPHYLOCOCCUS E. BIOFILMS

The Effect of the Combined Use of Garlic Extract and
Sodium Salicylate on the Inhibition and Eradication of
Staphylococcus epidermidis Biofilms Grown on Titanium
Angel Huang
Implant associated infections (IAIs) place stress on patients and burden the healthcare system,
and Staphylococcus epidermidis is a common pathogen involved. This study analyzed the effects of
aqueous garlic extract (AGE) and sodium salicylate (SOD SAL) on the inhibition and eradication
of S. epidermidis biofilms grown on titanium to find a potential remedy for IAIs. In the inhibition
assay, bacterial suspensions were incubated with titanium discs and either AGE, SOD SAL, or
both. In the eradication assay, bacteria cultured on titanium were treated with the treatments. The
absorbance in optical density (OD) of each sample after treatment was analyzed using a spectrophotometer. AGE inhibited >40% of biofilm growth, whereas AGE and the combination treatment
eradicated 17% of bacteria. It was concluded that AGE is better at inhibiting biofilm growth, but
all treatments showed the same efficacy in eradicating pre-grown biofilm. Therefore, AGE could be
used to treat and prevent IAIs.
Keywords: Staphylococcus epidermidis, titanium, garlic extract, sodium salicylate

Introduction
Orthopedic implants are primarily used to restore function in a patient’s affected joint by replacing joints or by fixing bones (Zimmerli, 2014). As the
population ages, the number of orthopedic surgeries
increases. In fact, it is projected that the demand for
primary hip and knee orthopedic surgery will increase by 174% and 673%, respectively, from 2005 to
2030 (Montanaro et al., 2011). Unfortunately, some
of these implants become infected during or after
surgery, causing tissue damage, impaired function,
and sometimes death (Zimmerli, 2014; Antoci et al.,
2008). The rate of infection after elective orthopedic
surgery ranges from 0.7% to 4.2%, but this percentage
can be much higher in other operations (Moriarty et
al., 2016). Implant-associated infections (IAIs) require
long courses of antibiotic therapy and multiple revision surgeries; not only does this place a strain on the

patient physically, emotionally, and financially, but it
burdens the overall healthcare system due to the extra
expenditure of resources (Zhai et al., 2014).
The most common pathogens causing IAIs are
Staphylococci, which make up about 75.3% of all
strains, where S. aureus is the most common pathogen, followed by S. epidermidis (Montanaro et al.,
2011). The major obstacle in treating infections caused
by these bacteria is that some strains have become resistant to antibiotics, meaning certain antibiotics are
no longer effective in killing the bacteria (Moriarty
et al., 2016). Furthermore, Staphylococci, especially
S. epidermidis, form biofilms, which are communities of bacteria residing in a polysaccharide slime they
produce (Otto, 2018). These bacteria can attach to implant surfaces like titanium and such biofilms provide
a layer of protection to the bacteria residing within,
making them less susceptible to antibiotics (Zhai et
al., 2014). Titanium implants are often colonized by
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bacteria, and these microbes can infect the surrounding tissue, leading to further inflammation (Riool et
al., 2014). These factors contribute to the difficulty in
treating IAIs, which has led to more research on unconventional treatment methods.
Natural substances, such as garlic, have been tested
for antimicrobial properties. When crushed, garlic
releases a compound called allicin (Wu, Santos, &
Fink-Gremmels, 2015). Allicin possesses antibacterial properties that occur when it reacts with enzymes
containing sulfhydryl groups (Pérez‐Giraldo et al.,
2003). Fresh garlic extract containing allicin therefore has antibacterial properties as well, and it has
been shown that garlic extract is able to inhibit and
eradicate S. epidermidis biofilms (Wu, Santos, & FinkGremmels, 2015). This exhibits the potential for garlic
extract to be used as a treatment for IAIs.
Like garlic extract, sodium salicylate is another
compound that has antimicrobial characteristics. In
fact, it is used in medicine as a non-steroidal anti-inflammatory drug (National Center for Biotechnology
Information, 2020). According to Polonio et al., sodium salicylate is able to enhance the antibacterial activity of some antibiotics; for example, it enhances the
activity of amikacin against another pathogen, Klebsiella pneumoniae (2001). Salicylate functions against
S. epidermidis by reducing the production of biofilm
constituents, which inhibits the overall growth of
biofilm (Muller et al., 1998). It is clear that salicylate
could hold a potentially major role in treating orthopedic infections.
Because of the challenges surrounding IAIs, the
proposed research question is: To what degree can the
combined use of garlic extract and sodium salicylate
inhibit the formation of and eradicate Staphylococcus
epidermidis biofilms?

Literature Review
Antibiotic Treatment
Antibiotic therapy is a current form of treatment
for IAIs. Such therapy can be systemic or local (Moriarty et al., 2016). Due to the potential development
of antibiotic resistance in bacteria, most infections are
treated with a combination of antibiotic drugs (Moriarty et al., 2016). Rifampin, generally regarded as the

most effective antibiotic against S. epidermidis, must
be used in combination with other antibiotics to prevent bacterial resistance (Zimmerli, 2014). A study by
Gomes et al. explores different combinations of common antibiotics and their effects on S. epidermidis biofilms (2012). The authors found that antibiotics alone
were generally ineffective against the biofilms, but
combinations of antibiotics that included rifampin
were able to achieve reasonable bactericidal levels
(Gomes et al., 2012). This concurs with a study done
in 1996 by Isiklar et al., where rabbits infected with
S. epidermidis were treated with various antibiotics; it
was found that vancomycin alone, a strong antibiotic,
was not as effective in curing infection as a combination of vancomycin and rifampin. Hamad et al. (2015)
agree that the combination of antibiotics is more effective in eradicating biofilms; however, they found
that the rate of resistance to rifampin in bacteria was
rather high. While they acknowledge the importance
of including rifampin in antibiotic therapy, they found
that using another powerful antibiotic called doxycycline with rifampin may be more effective in eliminating biofilms. This is because most of the bacteria
in their study were susceptible to doxycycline even if
they were resistant to rifampin.
Instead of using two strong antibiotics, Polonio et
al. (2001) used vancomycin in combination with sodium salicylate in their study of S. epidermidis biofilm
inhibition and eradication. In this particular experiment, treating biofilms with a combination of sodium
salicylate and vancomycin had a significantly higher
bactericidal effect than treating them with the substances alone. Moreover, the combination treatment
inhibited biofilm growth by over 99.9%. This research
provides insight into the potential use of sodium salicylate in antibiotic therapy. However, it was found
that some S. epidermidis strains have become resistant
to vancomycin, thus further limiting the options for
treating infections (Pinheiro et al., 2014). In this case,
other treatment methods could be effective in eliminating infection.

Garlic Extract and Allicin
As a result of increasing antibiotic resistance in
S. epidermidis, the exploration of using natural substances to treat infections has expanded, specifically
on garlic and its properties. Garlic, when crushed, re-
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leases allicin which has antibacterial properties (Wu,
Santos, & Fink-Gremmels, 2015). One such study
on the effects of fresh garlic extract and allicin on S.
epidermidis biofilms discovered that the minimum
biofilm inhibitory concentration (MBIC) of allicin
was 12.5 μg/mL, and the MBIC for garlic aqueous
extract and garlic ethanol extract was 1.56 and 0.78
μg/mL (Wu, Santos, & Fink-Gremmels, 2015). This
indicates that garlic extract and allicin are able to inhibit the growth of S. epidermidis biofilms. Another
study by Pérez‐Giraldo et al. (2003) agrees that allicin has antibacterial properties against S. epidermidis.
In this study, strains of bacteria that were and were
not methicillin-resistant both showed reduction in
biofilm growth after being treated with allicin (Pérez‐
Giraldo et al., 2003). Based on these studies, it can be
concluded that allicin and garlic extract may be used
to prevent IAIs.

Surgical Intervention
In all cases of device-related infections, surgical
intervention is required to remove the infected tissue
through debridement, and/or to remove the implant
itself (Moriarty et al., 2016). Antibiotic treatment is
also required to treat implant infections. Depending
on the situation, the implant may be left in the patient,
or it could be removed and replaced (Moriarty et al.
2016). A two-stage exchange of an implant involves
removal of all dead tissue and the implant followed
by a course of antibiotic treatment before a new implant is attached (Zimmerli, 2014). While this method
yields higher success rates of eliminating infection
than a one-stage exchange, it is highly invasive and
can cause functional impairment (Zimmerli, 2014).

Modified Biomaterials
The best way to reduce implant associated infections is to prevent them from the start. In an effort
to prevent the attachment and growth of bacteria on
implant surfaces, researchers have modified biomaterials in ways such as loading them with antibiotics
or by altering the surface structure (Montanaro et al.,
2011). Doping biomaterials can have advantages over
taking antibiotics systemically because the drug is delivered to the site of infection and can reach higher
concentrations without the patient having to take

more antibiotics (Moriarty et al., 2016). However,
the concentrations of antimicrobial drugs in these
doped biomaterials can cause local or systemic toxicity (Montanaro et al., 2011). Additionally, constant
exposure to these drugs can contribute to the development of new antibiotic-resistant strains of bacteria
(Montanaro et al., 2011). Similarly, loading biomaterials with antibiotics could be effective in preventing infection, but the risk of developing antibiotic-resistant
strains limits this field. Nevertheless, a study by Antoci et al. (2008) shows the remarkable effectiveness
of vancomycin-modified titanium alloy against S.
epidermidis. The modified biomaterial effectively prevented the adhesion and production of biofilm, and
its antimicrobial activity continued even after being
challenged by bacteria (Antoci et al., 2008). Moreover,
when tested for resistant S. epidermidis, the zone of
inhibition of the bacteria remained the same after four
weeks of being exposed to the modified biomaterial
(Antoci et al., 2008).
Coating implant surfaces with certain substances
that can minimize bacterial adhesion is another way
to reduce infection (Montanaro et al., 2011). These
substances function by modifying the hydrophilic
properties of a biomaterial surface or by hindering
protein adsorption onto the surfaces (Montanaro et
al., 2011). Certain metals have shown antibacterial
activity, and one particular metal that has exceptional
potential is silver (Moriarty et al., 2016). Silver has
antimicrobial properties against a broad spectrum of
bacteria, and it is effective at low concentrations with
low toxicity (Moriarty et al., 2016). However, bacteria may develop resistance to silver, and silver poses
a health risk, though minimal, to humans (Moriarty
et al., 2016).

Summary
While these studies analyzed a multitude of treatments for IAIs, there are still some gaps that need to
be filled. Previous studies on combinations of antibiotics have not used sodium salicylate with natural
antibiotic substances, so it is unknown whether it can
enhance antibacterial properties in such substances.
Similarly, garlic extract has not been used in combination with other antibiotics, so its full antibiotic potential has not been realized. Previous studies involving
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antibiotics also did not use titanium as a model implant surface, and as titanium is a common implant
material, it is important to use it in experiments as
an implant surface for bacteria to attach to so as to
model real life infections. Therefore, this study sought
to bridge this gap by analyzing the effect of combining
garlic extract and sodium salicylate on S. epidermidis
biofilms grown on titanium.

Materials
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Tryptic Soy Broth (Carolina Biological)
Sodium salicylate, C₇H₅NaO₃ (HiMedia)
SpectroVis™ Plus Spectrophotometer (Vernier)
24-well flat bottom plates
10mL test tubes
600mL beakers
Parafilm
Laptop computer
Micropipette
Bunsen burner
Surgical blade
Blender
Forceps
Coffee filter
Garlic bulbs
Distilled water
1 strain of Staphylococcus epidermidis (ATCC®
35984™)
• 1 packet of Dulbecco’s Phosphate Buffered
Saline, Without Calcium and Magnesium
(HiMedia)
• Titanium discs, commercially pure grade 1, low
iron, 9mm dia, 2mm thick (Kemira Chemicals)

Methodology
The purpose of this experiment was to analyze the
effects of aqueous garlic extract (AGE), sodium salicylate (SOD SAL), and a combination of both substances on the inhibition and eradication of S. epidermidis biofilms grown on titanium. Both eradication
and inhibition tests were performed to compare the
efficacy of each treatment before and after biofilms

were grown.

Preparation of Treatment Solutions
There were three treatment solutions used in this
experiment. Treatment A was 16 mg/mL AGE, treatment B was 5 mM SOD SAL, and treatment C was a
combination of 16 mg/mL AGE and 5 mM SOD SAL.
The concentration of AGE was determined based on a
study by Belguith et al. (2010), where the allicin content in different concentrations of AGE was approximated; the authors estimated that there was 8.1 µg/mL
in 10 mL of AGE. After establishing an approximate
allicin content per 1 mL of AGE, another study that
found the minimum inhibitory concentration (MIC)
of AGE against S. epidermidis was referred to. Its authors found that the MIC occurred at a concentration
of 12.5 µg/mL allicin (Wu, Santos, & Fink-Gremmels,
2015). Hypothetically, the AGE that was prepared in
this experiment would have had an allicin concentration of 12.96 µg/mL, based off of the study by Belguith
et al. However, because this research was not conducted in a professional lab, it was anticipated that
the prepared AGE would not contain as high an allicin content. Therefore, a concentration of 16 mg/mL
for the AGE was used so that while it would exhibit
a bactericidal effect, the AGE concentration would
not be too high and eradicate all the bacteria, as that
would impede the ability to accurately compare the efficacy of each treatment. Therefore, this concentration
ensured that there would be data from each sample
to analyze and compare. As for treatment B, a study
by Polonio et al. (2001) used 5 mM SOD SAL, so the
same concentration was used in this experiment.
Bacteria Strain
The bacteria strain used in this study was S. epidermidis RP62A (ATCC 35984) due to its common
occurrence in IAIs and its ability to form biofilms. In
order to perform the inhibition and eradication tests,
the original strain of bacteria was incubated with 6
mL of tryptic soy broth (TSB) in a tube according to
the instructions provided on the S. epidermidis product sheet (ATCC, 2020). The bacteria was incubated at
37°C for 24 h. Afterwards, this bacterial solution was
diluted using a spectrophotometer to reach an optical
density (OD) value of 0.2 when analyzed at a wavelength of 600 nm. The wavelength at which OD values
were taken was determined to be 600 nm because it
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ensured that the bacteria’s absorbances were being
measured, as opposed to the absorbance of other substances in the samples. To dilute the solution, the tube
was first shaken vigorously to create a homogenous
mixture, and then the solution was distributed into
cuvettes to find the OD values. Phosphate buffered
saline (PBS) was added to each cuvette until the OD
values reached 0.2. Afterwards, aliquots of 20 µL of
the diluted bacterial suspension were dispensed into
210 wells of 24-well flat bottom plates that each contained 1 mL of TSB and a titanium disc (shown in Figure 1A). A micropipette was used to ensure accurate
measurements.

Biofilm Inhibition Assay
To find the inhibitory effects of each treatment, 100
μL of each treatment was allocated in 90 wells with 30
wells for each treatment. Another 30 wells contained
only the bacterial suspension and broth to serve as
a control group. These wells were incubated at 37°C
for 6 days to ensure growth of mature biofilms, which
Cao et al. had previously done in their study (2018).
However, these wells were taken out of the incubator
after 22 h to monitor bacterial growth; then 1 mL of
TSB was added to each well, and parafilm was placed
over the plates to prevent evaporation. The plates continued to incubate until they reached 6 days. After
the 6th day, the biofilms on the titanium discs were
scraped into tubes containing 5 mL of broth. To do
this, the discs were rinsed with PBS to remove nonadherent bacteria. Then they were scraped with a
flame-sterilized scalpel. The scraping of the discs
was performed as such: a disc was held by the hand,
both sides were scraped, and the scalpel was swirled
vigorously in a tube to remove the scraped biofilm
(as shown in Figures 2A and 3A). This method was
repeated for all discs, and the tubes were incubated
at 37°C for 18 h. After incubation, the cultures were
vigorously swirled so that they became homogeneous,
and they were analyzed for absorbance values using
the spectrophotometer. After each culture was transferred into and out of a cuvette, the cuvette was rinsed
with PBS to prevent cross-contamination. All OD values were recorded using Vernier Spectral Analysis.

Biofilm Eradication Assay

To find the effect of each treatment on pre-grown
biofilms, 90 of the 210 wells were incubated for 24 h
at 37°C without any treatments. The discs from these
wells were scraped in the same manner as mentioned
above; then the tubes were incubated at 37°C for 18
h. After incubating, 100 μL of each treatment were
dispensed into the tubes, allocating 30 tubes for each.
The tubes were incubated once more for 24 h at the
same temperature as before. After the final incubation, the cultures were swirled and analyzed for OD
values in the same manner as the inhibition assay.

Statistical Analysis
A one-way analysis of variance (ANOVA) test
was conducted to analyze the statistical differences
between each treatment in the inhibition and eradication tests. The alpha value was 0.05, with p<0.05
showing statistical differences. A post-hoc Tukey test
was conducted for both assays to determine between
which groups statistical differences existed. Outliers
were not considered in the data analysis.

Results
In the inhibition assay, it was found that all treatment groups produced an average OD value lower
than that of the control group, indicating fewer bacteria in treatment groups. This can be seen in Table
1, where the mean OD for the control group was
0.407, whereas the means of treatments A, B, and C
were 0.243, 0.377, and 0.367, respectively. Treatment
A produced the lowest mean, inhibiting 40.3% of biofilm growth. Table 1 also indicates that the medians of
each treatment group were lower than that of the control group. Moreover, it can be seen that the minimum
OD value out of all samples occurred with treatment
A, while the minimums for treatments B and C were
higher than the control group minimum. However,
the control group produced the maximum OD value
out of all samples, and treatment A yielded the lowest
maximum. Treatment C showed the lowest range, and
the control group showed the highest. These data are
visually represented through a boxplot in Figure 1.
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Table 1: Descriptive Statistics for Inhibition Assay OD Values
Treatment

n

Mean

Std.
Dev.

Min

Q1

Median

Q3

Max

Range

Mean OD as a
percentage of
the control

A

30

0.243

0.052

0.114

0.218

0.247

0.287

0.317

0.204

59.7%

B

30

0.377

0.035

0.292

0.357

0.378

0.403

0.426

0.134

92.6%

C

30

0.367

0.035

0.303

0.347

0.368

0.389

0.431

0.127

90.2%

D (Control)

30

0.407

0.067

0.274

0.370

0.416

0.440

0.572

0.298

100%

Table 1 shows the descriptive statistics for the inhibition assay data. Outliers were not considered in
calculations. It can be seen that Treatment A had the
lowest mean and the control group had the highest.
Figure 1: Boxplot of Inhibition Assay OD Values

Figure 1 shows a boxplot of the OD values in the
inhibition test. Outliers are represented with the star

symbol. It c an be seen that all treatments had a lower
average OD than the control (treatment D).
The results of the eradication assay showed that on
average, all treatment groups had fewer bacteria after
treatment. The mean OD value of the control group
was 0.657, shown in Table 2, whereas the means for
treatments A, B, and C were 0.545, 0.571, and 0.545,
respectively. Treatments A and C eliminated the most
bacteria at 17%. Table 2 also shows that the medians
for all treatment groups were lower than the median of
the control group. The lowest minimum was produced
with treatment B at 0.443, and the highest minimum
occurred with the control group. Similarly, the highest maximum value was also produced in the control
group, and the lowest maximum was produced with
treatment A. The highest range was 0.220, occurring
in treatment B. These values are visually represented
in Figure 2.
Table 2 shows the descriptive statistics for the
eradication assay data. Outliers were not considered
in calculations. All treatments produced a mean OD

Table 2: Descriptive Statistics for Eradication Assay OD Values
Treatment

n

Mean

Std.
Dev.

Min

Q1

Median

Q3

Max

Range

Mean OD as
a percentage
of the control

A

30

0.545

0.039

0.461

0.516

0.548

0.583

0.603

0.142

83%

B

30

0.571

0.053

0.443

0.529

0.583

0.603

0.663

0.220

86.9%

C

30

0.545

0.030

0.467

0.529

0.549

0.564

0.610

0.144

83%

D (Control)

30

0.657

0.044

0.549

0.630

0.654

0.688

0.752

0.203

100%
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lower than the control group. Treatment B showed the
greatest variation in OD.
Figure 2: Boxplot of Eradication Assay OD Values

Figure 2 shows a boxplot of the OD values in the
eradication test. Outliers are represented as the star
symbol. The control group yielded the highest average
OD, and treatment C had the most outliers.
To determine the statistical significance of the data,
a one-way ANOVA test was conducted with a confidence level of 95%. In the inhibition assay, the null
hypothesis was that there would be no difference be-

tween the average amount of biofilm grown between
samples exposed to each treatment. The p-value was
<0.001, which was lower than the set alpha (α) value of 0.05, so the null hypothesis was rejected. This
means that there was a significant difference in OD
values between groups, as seen in Table 3. A Tukey
test, shown in Figure 3, was conducted to determine
the areas of statistical difference. It was found that
treatment A had a significantly lower average OD
value than all other groups; however, there was no statistically significant difference between treatments B,
C, and the control group.
Table 3 shows the table values of the ANOVA test
where α = 0.05, and p < 0.001; S = 0.05511, R-Sq =
57.52%, R-Sq(adj) = 56.42%. Because p < α, the results
were significant.
Figure 3 shows the Tukey post-hoc test for the inhibition assay. Statistical difference between means are
shown by the (---*--) symbols not overlapping, meaning only treatment A had a statistically significant different mean OD.
A one-way ANOVA was also conducted on the
eradication assay data, and the null hypothesis was
that there would be no difference in the average
amount of surviving biofilm between each treatment.
The p-value was <0.001, thus rejecting the null hy-

Figure 3: Tukey Test on Mean OD Values for the Inhibition Assay

Table 3: One-way ANOVA Test on Mean OD Values for the Inhibition Assay
Source

DF

SS

MS

F

P

Treatment

3

0.47698

0.15899

52.36

<0.001

Error

116

0.35227

0.00304

Total

119

0.82925
154

THE INHIBITION AND ERADICATION OF STAPHYLOCOCCUS E. BIOFILMS
Table 4: One-way ANOVA Test on Mean OD Values for the Eradication Assay
Source

DF

SS

MS

F

P

Treatment

3

0.27937

0.09312

36.93

<0.001

Error

116

0.29249

0.00252

Total

119

0.57186

pothesis and demonstrating statistical significance between groups. Table 4 shows the values of the ANOVA
test. As shown in Figure 4, a post-hoc Tukey test was
conducted and showed a statistically significant difference between each treatment group and the control
group. However, there was no significant difference
between the individual treatment groups.
Table 4 shows the table values of the ANOVA test
where α = 0.05, and p < 0.001; S = 0.05021, R-Sq =
48.85%, R-Sq(adj) = 47.53%. Because p < α, the results
were statistically significant.
Figure 4 shows the Tukey post-hoc test for the eradication assay. Statistical difference between means are
shown by the (---*--) symbols not overlapping, meaning there was no statistically significant difference between the treatments, but all treatments produced a
mean OD significantly lower than the control group.

Discussion
The purpose of this study was to find a novel potential treatment for orthopedic implant infections
against Staphylococcus epidermidis biofilms. S. epidermidis is able to attach to implant surfaces like titanium and cause infection in a patient during or after
surgery. Infections must be treated with combinations

of antibiotics, and since garlic extract and sodium salicylate are substances with antimicrobial properties,
the goal of this research was to determine if sodium
salicylate could enhance those activities of AGE.
The hypothesis that treatment C, a combination of
AGE and SOD SAL, would be most effective in inhibiting and eradicating S. epidermidis biofilms grown on
titanium was not supported. In the inhibition assay, it
was found that treatment A, AGE alone, produced the
lowest mean OD value, and the Tukey test confirmed
that it was statistically significantly lower than all other treatments as well as the control. This means that
AGE was the most effective inhibitory agent against
S. epidermidis grown on titanium, whereas SOD SAL
and the combination treatment did not inhibit a significant amount of bacteria grown. In other words,
AGE is superior to the other treatments in preventing
the initial growth of bacteria. This might be because
the integrity of SOD SAL diminishes over time when
in an aqueous solution, whereas allicin retains antimicrobial effects for a long time. Similarly, while treatment C had an average OD value lower than the other
groups for eradication, the Tukey test demonstrated
that the treatments did not eradicate significantly different amounts of bacteria from each other, but rather
they all eradicated a significant amount of bacteria
when compared to the control group. This essentially

Figure 4: Tukey Test on Mean OD Values for the Eradication Assay
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demonstrates that the efficacy of each treatment in
eradicating pre-existing bacteria was about the same.
It can be concluded that AGE could be used to prevent
and kill bacterial biofilms in IAIs as it inhibited 40.3%
of biofilm growth and eradicated 17% of biofilms in
this study.
The results of this study are generally concordant
with previous research, specifically the results of AGE.
Wu, Santos, & Fink-Gremmels (2015) found that
AGE was able to inhibit at least 90% of S. epidermidis biofilm formation at a concentration of 1.56 μg/
mL. Conversely, in regards to the results of sodium
salicylate, a previous study showed that 5 mM sodium salicylate did not have a significant effect on the
eradication of biofilms (Polonio et al., 2001), whereas
there was significant eradication in this experiment.
Similarly, there was no significant inhibitory effect of
sodium salicylate observed in this study, but Muller
et al. (1998) found that 5 mM salicylic acid, of which
sodium salicylate is a sodium salt, had a biofilm inhibitory effect of up to 55%.
Though AGE showed the most potential for use in
the medical field to combat IAIs, it is unknown based
on this research what is the most effective and safe
method by which this could be done. This study also
did not explore the use of AGE and SOD SAL for use
as a topical cream, so it is unknown whether that is
possible. Since implants are located underneath tissue,
topical creams may not be effective. Because garlic
can cause irritation in humans, it may prove beneficial to extract pure allicin from garlic in contrast to
using fresh garlic extract. This allicin could be used
in a lavage (flushing saline solutions through a body
cavity), which is what Zhai et al. (2014) performed
in their study with rabbits. While the combination of
AGE and SOD SAL did not inhibit biofilm growth,
SOD SAL could still be used in a solid form rather
than as an aqueous solution to prevent inflammation.
For example, in an infected patient, a combination of
ingesting SOD SAL and using an allicin lavage may be
more effective in eliminating bacteria on implant devices as well as relieving symptoms like inflammation.
Nevertheless, this research project did not analyze the
in vivo effects of the two substances, so effects on humans cannot be determined.

Conclusion
Based on the results, it is concluded that AGE is
a more effective substance in inhibiting the growth
of S. epidermidis biofilms than SOD SAL or a combination of both. Furthermore, all treatments have the
same level of effectiveness in eradicating pre-grown
biofilms. A few sources of error are apparent in this
study. One possible error is contamination of bacteria
samples, which could have led to more or less bacteria
being cultured, as well as the introduction of different
microbes. Another error could have been imprecise
scraping of the titanium discs; if the biofilm on a disc
was not completely scraped off, it would lead to less
bacteria grown or an inaccurate final OD measurement.
In order to mitigate these issues, samples should be
incubated in a separate incubator from other research
samples, and well plates and tubes should be covered with cases and lids/stoppers instead of parafilm
to prevent contamination. Furthermore, instead of
scraping the discs with a blade, the discs could be incubated in a tube from the beginning, and the blade
could be vortexed afterwards to achieve a higher bacterial retrieval rate.
Future research could be conducted to analyze
the efficacy of each treatment when in different concentrations—especially the concentration ratios of
treatment C. Different ratios of sodium salicylate and
garlic extract together may be more or less effective.
Moreover, different types of garlic extract could be
tested, such as garlic ethanol extract. Instead of using
sodium salicylate, salicylic acid could be used with
garlic extract to analyze its efficacy in inhibiting and
eradicating S. epidermidis. These different treatments
could also be tested on different strains of bacteria
commonly involved in infections, or they could be
tested on alternative implant materials to observe any
differences in their effects between materials.
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Appendix A

Figure 3A: Setup of Test Tubes
Scraped biofilms were placed into tubes containing
TSB.

Figure 1A: Setup of Well Plates
All wells contained a titanium disc and TSB. Samples in the inhibition assay also contained treatments.

Figure 2A: Scraping of Biofilm
Titanium discs were held by the hand and scraped
on both sides. The retrieved biofilms were placed into
tubes shown in Figure 3.
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Figure 4A: Experimental Design Diagram

Title of the Experiment
The Effect of the Combined Use of Garlic Extract and Sodium Salicylate on the Inhibition and
Eradication of Staphylococcus epidermidis Biofilms Grown on Titanium
Hypothesis
If S. epidermidis biofilms grown on titanium were treated with garlic extract, sodium salicylate,
and a combination of both, the combination would eradicate the most bacteria.
If S. epidermidis were treated with the same treatments before incubation, the combination treatment would inhibit the most bacterial growth.
This is because it has been found that garlic extract and sodium salicylate alone are able to
inhibit S. epidermidis biofilm growth as well as kill pre-grown bacteria. Moreover, combinations
of antibiotics are stronger than antibiotics alone, so if these two substances were combined, a
synergistic antimicrobial effect on biofilms could occur.

Independent Variable
Type of treatment solution, concentration in mM for salicylate and mg/mL for garlic extract
Levels of
Independent
Variable

No treatment

Number of
Repeated Trials

30

100 μL Garlic
extract

100 μL 5 mM
Sodium salicylate

100μL [16 mg/
mL] Garlic
extract & 5
mM sodium
salicylate

30

30

[16 mg/mL]
30

Dependent Variable
The amount of S. epidermidis biofilm grown after treatment, measured by absorbance as optical
density (OD).
Control Group
The S. epidermidis cultures that did not receive any treatments.
Constants
Incubation time, incubation temperature, size of titanium, amount of each treatment solution,
and amount of bacterial suspension in each well.
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Appendix B
Table 1B: OD Values of all Samples in the Inhibition Assay
OD Values of Each Treatment
Trial #

A

B

C

D (Control)

1

0.2851874475

0.2780993314*

0.3679498607

0.3571902314

2

0.317455084

0.3653009454

0.3973563441

0.1889349879*

3

0.2183491188

0.3275391492

0.4280891533

0.2744655196

4

0.2868359322

0.4028392951

0.3467153612

0.4202966985

5

0.1532724261

0.4213877327

0.3077033426

0.2988368019

6

0.1738755035

0.4190405195

0.3676739741

0.5720113041*

7

0.2303741967

0.4028410775

0.3213650118

0.3046155284

8

0.1885259178

0.2923834051

0.3686520986

0.3514231196

9

0.08270700268

0.3997633401

0.3469546148

0.4347474441

10

0.2242883382

0.3787593748

0.3062669656

0.463856493

11

0.1135580666

0.3896502077

0.3925079884

0.366233598

12

0.2927436265

0.3574365066

0.4114510355

0.4061312031

13

0.2262340895

0.36369118

0.3676604172

0.381776472

14

0.2220043235

0.3352127724

0.3684093396

0.3780267482

15

0.2490341234

0.3713568071

0.4201377702

0.2872811513

16

0.2867781143

0.3035676927

0.4307128638

0.460815044

17

0.3142047876

0.4263244002

0.3670192373

0.392046906

18

0.2883847039

0.3587978558

0.3727388047

0.4164609565

19

0.2110208651

0.4216752685

0.3769069798

0.3942075214

20

0.2817411641

0.3536996975

0.3792590655

0.4738556058

21

0.3067921244

0.419805875

0.3734818766

0.4806301821

22

0.2236561755

0.4061964286

0.3033035261

0.4730547453

23

0.2687024658

0.3547592097

0.3305159769

0.4222641553

24

0.2408869848

0.3529607783

0.3303753594

0.4497005586

25

0.1576889091

0.3776734686

0.3578821298

0.4402125265

26

0.2474524941

0.3889287911

0.3661230898

0.3696597282

27

0.3099243974

0.3782264974

0.3909390096

0.3782724155

28

0.2053520714

0.374275919

0.383784318

0.4201847145

29

0.249703317

0.3994027324

0.4099836515

0.4372440608

30

0.2657005147

0.4003981333

0.3244872706

0.4951938012

Average

0.2374144762

0.3740664798

0.3672135479

0.3996543408

Table 1B shows the raw data of the inhibition assay. OD values of each sample in each treatment are listed,
with outliers marked with an asterisk (*) and highlighted red.
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Table 2B: OD Values of all Samples in the Eradication Assay
Treatment
Trial #

A

B

C

D (Control)

1

0.5275587127

0.6504282032

0.4334718749*

0.6551254771

2

0.5267575373

0.5917214972

0.5040065365

0.6473124179

3

0.4938386897

0.492122447

0.5553153643

0.612443668

4

0.5036701248

0.5838696926

0.4250348902*

0.5491903691

5

0.5073578466

0.6240485271

0.5423893977

0.64299824

6

0.4610022143

0.557186929

0.5778259661

0.6698555443

7

0.544033014

0.6343816309

0.4536768836*

0.629575358

8

0.508701091

0.5917653667

0.5191298103

0.6203853632

9

0.5264017294

0.6627897494

0.6104175432

0.6938001773

10

0.5120972084

0.6014129049

0.4665836495

0.6986188644

11

0.4734846189

0.6351421648

0.5312648929

0.6280712285

12

0.4961067332

0.328119895*

0.5549292261

0.6380900841

13

0.5363889189

0.4873234177

0.5493949925

0.606029388

14

0.5504904216

0.5636789124

0.5248361812

0.6526609985

15

0.5533794519

0.5268581446

0.4953810022

0.6087457702

16

0.5508952309

0.4979209229

0.5445475637

0.5740213953

17

0.5792801464

0.6026758793

0.5576183082

0.6842155739

18

0.5920577904

0.5529664703

0.5496882933

0.6513808127

19

0.590223611

0.6142248316

0.5417689056

0.6928423226

20

0.5879899729

0.5202059285

0.5267610785

0.685375371

21

0.5973508956

0.529066082

0.5085420918

0.6799894618

22

0.6011285913

0.524008598

0.5665900461

0.6323236136

23

0.589705701

0.4427459611

0.5691342891

0.7003428563

24

0.6029407318

0.609886592

0.5422114608

0.6649698628

25

0.5379962112

0.583225149

0.5628091786

0.6693946832

26

0.5843032645

0.6033665532

0.577547242

0.7303928342

27

0.5580918406

0.5829126387

0.5614703985

0.7517253385

28

0.5665890398

0.570219111

0.5757693929

0.6331514619

29

0.5457093153

0.57290202

0.578591386

0.7059940283

30

0.5559399599

0.5422569915

0.5329275236

0.688315795

Average

0.5453823538

0.5626477737

0.5346545123

0.6565779453

Table 2B shows the raw data of the eradication assay. OD values of each sample in each treatment are listed,
with outliers marked with an asterisk (*) and highlighted red.
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Figure 1B: OD Analysis Using the Spectrophotometer

3B: Image of Bacterial Sample

Figure 1B shows the method used to analyze the bacterial samples for absorbance values in OD.
Figure 2B: Lab Setup of Biofilm ScrapingFigure
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Generations’ Political Party Identification Shifts Over Time
Sage Mehta
A common belief dictates that as individuals age, they become more conservative, which in America, implicates an increased lean toward the Republican party. In order to determine the accuracy of
this conjecture for broad generations, this study sought to determine the degree to which, if at all,
generations’ political party identifications become more Republican-leaning over time. For this, 65
years of American National Election Studies (ANES) data was used to map out the past progression
of each generation’s party identification over time. Drawing from tendencies exhibited by the Silent
and Baby Boomer Generations, the results indicated that generations become around 0.01 points
on the 7-point ANES party identification scale more Republican each year. These findings also provided understanding into the nature of how generations politically shift, suggesting that individuals
who are affiliated with one party will increasingly support that party, while those who are originally
Independent-leaning tend to shift toward the Republican party over time.
Keywords: politics, political parties, generations, party identification, Republican, Democrat

Introduction
Context
Of the last 10 presidential elections, the two main
political parties in the United States, being the Democrats and the Republicans, have each won 5 elections
(“Historical U.S. Presidential Elections,” 2021). Yet,
despite their retaining similar amounts of support
amongst the total American population, the division of their affiliates across generations does not
translate congruently. Through surveying 2,410 individuals from across all 50 states, Pew Research Center noticed clear trends spanning the generations in
both their demographics and political outlook. The

younger generations of Generation X and Millennials saw increased levels of racial diversity, education,
and political support for the Democratic party (“The
Generation Gap,” 2011). On the flip side, the older
Silent and Baby Boomer Generations tended to favor
small government, be more religiously affiliated, and
derived increased support for the Republican party
(“The Generation Gap,” 2011). This aligns with DeSilver’s (2014) findings that “steadfast conservatives”
made up only around 4% of 18-29 year-olds but 21%
of those 65 and older, with an increasing rate of Republican conservatism across the age groups.
By following these tendencies to their fullest, Generation Z is already beginning to look like a dynamic
force as they enter the electorate. Using a survey of
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920 “Gen Zers,” aged 13-17, Parker and Igielnik
(2020) found that Generation Z is the most racially
diverse generation yet, with only 52% being white as
opposed to 61% of Millennials, 70% of “Gen Xers,”
and 82% of the Baby Boomer Generation. Generation
Z is also the more likely than any predecessor to attend college (57% as compared to Millennials’ 52%)
and the most likely to have one or more parents with
at least a bachelor’s degree (44% as compared to Millennials’ 33%). Socially, Generation Z is the most leftleaning, thinking that the government needs to play
a more active role in the country (70% as compared
to Millennials’ 64%). Even those who identify as Republican are more likely to support ideas previously
considered “socially left”, such that climate change
is a man-made issue, racism is a prevalent problem,
and society should adopt more inclusive practices toward nonbinary individuals (Parker & Igielnik, 2020).
However, there has not yet been time to see how durable Generation Z’s unique background and political
views will be going forward, especially when applied
to the fragmented modern American parties. In fact,
contrary to the current trends of youth Democratism,
a common supposition holds that as individuals grow
older, they become more Republican. If true, this
would mean that the younger generations are simply
following a recursive trend, rather than indeed being
politically distinct. As for past research on the matter,
it has been an ongoing discussion.

Literature Review
In attempts to see how political views change with
age, Glenn and Hefner (1972) used 24 years’ worth of
Gallup surveys but, rather than finding a clear answer,
they discovered a notable issue with the question itself (pp. 31-47). The relative increase in Republicanism amongst populations, they suggested, may have
been due to the political climate shifting, rather than
the groups’ views. They also questioned whether an
overall relationship existed between aging and stronger partisanship, or stability, rather than one which
favored a specific political party (Glenn and Hefner,
1972, pp. 31-47). This catalyzed inquiry into the longstanding assumption about aging and Republicanbased conservatism and paved the way for the AgePeriod-Cohort debate. The concern of this “debate” is

how the variables of age (in reference to one’s progression over time), period (or time period in history),
and birth cohort (or generation) are all logically intertwined. Such connections are epitomized by how
an age group is equivalent to the present time period
minus the group’s birth range; hence, Age = Period Cohort. Because of this overlap, the three variables
confound each other when trying to determine correlations as a result of a single one of them. Following up his past work, in 1974, Glenn noted just how
indecisive and complicated these relationships become, pointing out that cohort analysis showed that
the overall climate of the United States became more
socially liberal, so by default older people would seem
more conservative in comparison (pp. 176-186). He
also questioned whether individuals’ party affiliation
measurements would seem stagnant if they got more
conservative with age but the period, or political climate at a moment, got more liberal. With too many
possibilities, no causation claims could be adopted on
the matter, and Glenn (1974) concluded that further
research looking into correlation would be strenuous
but necessary (pp. 176-186).
Mason et. al. (1973) sought to provide a statistical
model that could remedy these Age-Period-Cohort
problems and, thereby, approximate the influence of
each variable (pp. 242-258). They found that because
age, period, and cohort all affect a dependent variable
differently, no set linear relationship could encapsulate them all. Nevertheless, Mason et. al. (1973) ran
simulations based on known data to yield more accurate comparative models and a nonlinear method,
which some in the political research community adopted, while others hesitated (pp. 242-258). To account for other demographic variables, Knoke and
Hout (1974) found the effects of seven variables on
party identification over time: subjective class, occupation, education, race, religion, region, and father’s
party (pp. 700-713). Using two models of different
slopes and the Age-Period-Cohort statistical model
created by Mason and his colleagues, Knoke and
Hout (1974) found that age did have a small but notable effect that correlated to people over the age of
40 becoming more Republican (pp. 700-713). Their
analyses also noticed small cohort changes, a sharp
contrast to Glenn and Hefner (1972) who favored period effects. Glenn (1976) responded in the American
Sociological Review, criticizing this work and method-
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ology concerning the model’s inability to separate the
Age-Period-Cohort effects because it looked at crosssectional data (pp. 900-904). He also pointed out that,
due to distinct psychological and social changes, each
generation must be looked at individually rather than
collectively. Hence, in a highly referenced conclusion,
Glenn (1976) determined the only way for a study to
find age, period, or cohort was to use data spanning
over long periods of time (not cross-sectional) that
looked at many cohorts/generations (not just one)
(pp. 900-904).
In relation to Glenn and Hefner’s (1972) previous
question of stability, the newest hypothesis in the late
1970s was one called the life-cycle theory, where people
would become more partisan over the course of their
life. To test this theory, Shively (1979) analyzed the
commitment of one to their party over time while controlling for overall period shifts (pp. 437-446). By looking at trends over the course of several major events,
he first discovered that political party identification was
nearly independent of world occurrences in the period.
In addition, Shively’s (1979) results on the life-cycle
theory yielded the same factor for increased partisanship with aging that had been recorded in Campbell
et. al.’s (1960) The American Voter, corroborating the
idea (pp. 437-446). Alwin and Krosnick (1991) aimed
to find the specific degree by which partisan stability
strengthened as voters aged, as outlined by these conclusions (pp. 169-195). Using the 7-point party identification scale provided by the American National
Election Studies (ANES) to map the intensity of party
preference over a few years, their results consistently
found that the stability and intensity of one’s political
beliefs increased with the age (Alwin and Krosnick,
1991, pp. 169-195). These results also fit well with
theoretical ideas, such as the impressionable-years hypothesis in which younger voters are predicted to be
especially susceptible to changing their political views
(Murugesan, 2009, pp. 1-24).
Peterson and his colleagues (2020) intended to
again test the aging hypothesis to find out if people,
beyond just general partisan strength, shifted more
toward one specific political party as they aged. To
avoid using cross-sectional data as Knoke and Hout
had, Peterson et. al. (2020) used the Michigan YouthParent Socialization Panel Study (MSS) for the years
1965-1997 to track specific individuals over time. This
was combined with the ANES poll data over the same

4 election cycles to see if either group noted significant party identification changes (pp. 600-611). When
comparing the MSS individuals with their foreveryoung correspondents from the ANES data, the results saw occasional party identification shifts of 0.2
to 0.3 points more Republican per year on the 7-point
ANES scale, indicating a fluctuating trend (Peterson
et. al., 2020, pp. 600-611). Though they did find more
concrete results when looking at the percentage of
people that changed their party affiliation, Peterson
et. al. (2020) found their study to be inconclusive on
the topic of aging, concluding that the minimal years
analyzed could not categorize long-term trends nor
the degree to which one might exist (pp. 600-611).
Additionally, without knowing the shifts or fluctuations of the overall political environment, they found
period elements still confounded the findings. Thus,
acknowledging the many past discrepancies about
the effects of aging on Republicanism, Peterson et. al.
(2020) attributed this uncertainty to a lack of a longterm study, where many cohorts could be tracked over
the course of their lifetimes (pp. 600-611).
Applying this highly disputed field of research to
the British electorate, Tilley and Evans (2014) looked
at data from the British Election Studies (BES) for 13
elections to show that older populations were more
conservative (pp. 19-27). They then took this trend
and looked at the effects of aging in comparison to
panel and aggregate changes and plotted the resultant
points. Tilley and Evans’ (2014) concluded that British voters’ ideology shifted toward their conservative
party over time by a factor between an average minimum of 0.32% and an average maximum of 0.38% per
year (pp. 19-27). While further outlining the possibility of a conservative trend, these findings could not
be applied to the Republican party due to the different embodiments of conservatism and historical developments in each of the country’s political parties.
In company with the distinct nature of the American electorate, factors including varying government
forms, political engagement, and partisanship all
additionally contribute to the potential for different
trends to exist within the United States.

Entry Point and Research Question
Though these past studies foretell much about the
nature of shifting political alignment, many chasms in
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the body of knowledge remain. Despite knowing from
Shively (1979) and Alwin and Krosnick (1991) that
people become more dedicated to their political party
over time, no one has found a definitive answer to
the specific lean or one-sided party shifts in America.
This is, in large part, due to the limited timespans and
methodology used in past studies, which has made
for Age-Period-Cohort contradictions when trying to
determine whether people truly become more Republican as they age. In fact, the analysis of a long-term
continual dataset that can monitor the views of many
cohorts over the course of their lifetimes is precisely
the gap mentioned by Glenn (1976) and Peterson et.
al. (2020) needed to settle the longstanding Age-Period-Cohort debate. In accordance, it became the basis
of what I set out to do. Finally, Tilly and Evans (2014)
came the closest to ameliorating this manner; however, as they acknowledged themselves, their findings
are not generalizable beyond Britain and so cannot be
applied to the American political system.
Thus, in order to build upon these past controversies and inconclusiveness, I proposed the following research question: To what degree do generations’ political party identifications become more
Republican-leaning over time in America?
Throughout my research, I first aimed to determine
the past party identification progression of each
generation over time and the degree by which any
shifts were occurring. I then intended to identify any
Age-Period-Cohort implications, having accounted
for their discrepancies. My final main goal was to
determine what the generational party identification
trends suggested about how the American electorate’s political outlook shifts over time. The significance of this topic lies with the way that its results
not only provide a divisive answer to the recurrent
speculation of a Republican-shifting aging trend, but
also shine broader light on how future generations
may politically behave in America. Before beginning
to collect data on the matter, I hypothesized that
generations become more Republican in their political leanings over time.
For the purposes of this paper, the “generations”
referenced will refer to the Greatest Generation (born
1901-1924), the Silent Generation (born 1925-1945),
the Baby Boomer Generation (born 1946-1964), Generation X (born 1965-1980), Generation Y/Millennials (born 1981-1996), and Generation Z (born 1997-

2012), considering that these are the most popularly
accepted generations. Additionally, “party identification” will be measured on the previously referenced
ANES 7-point scale, which goes 1: Strong Democrat,
2: Weak Democrat, 3: Independent-Democrat, 4: Independent-Independent, 5: Independent-Republican,
6: Weak Republican, 7: Strong Republican.

Methods
Study Design
In order for me to best track generational political
party identification shifts over time, I conducted an
analytical study using existing data that extended back
many decades. This was the most reliable method for
me because it provided broad access to a population
set most similar to my frame of reference, that being
voting-age Americans from across the United States.
Moreover, it allowed me to track each generation’s
party identification over time, rather than at a single
moment, to notice any key changes. All the while, this
design let me circumvent previous pitfalls of past research in the same field since I would be using a long
stretch of data over many periods for multiple cohorts
or, in this case, generations. Such a solid basis of how
generations’ party identification progressed over time
best set me up to identify trends in political affiliation
as they aged.

Ethical Considerations
My research was approved by the Institutional
Review Board and not noted to have any ethical concerns. This is consistent with my use of exclusively
existing, public data, none of which contained any
identifiable information.

Selection of Data and Variables
I used American National Election Studies (ANES)
data to create the yearly charts that became the basis
for my calculations and research due to the fact that
ANES had the most comprehensive data about the
American electorate for the longest period of time.
The data was formed by surveys and interviews that
were conducted both face-to-face and online, com-
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pleted before and after voting. The combined data totaled 59,944 participants from all 50 states and D.C.
over a range of 69 years (DeBell et. al., 2018). When
narrowing down what specific data I wanted to use
from the ANES surveys to become my variables on
the yearly charts, I first chose party identification. This
was due to Campbell and associates’ (1960) conclusion that party identification is the core to political
views because it is more robust to short-term factors—such as political candidates, period events, and
environmental influences—than one’s ballot per year.
To measure party identification, I specifically used the
ANES’ 7-point scale as it is most consistent with past
research and to account for Neundorf et. al.’s (2011)
conclusion of “bounded partisanship,” in which making the switch to an independent party identification
takes less instability than switching between major
parties (pp. 458-482). This notion indicates that the
figurative distance between partisan and independent
ideologies is less than between the two parties, which
the 7-point scale reflects at multiple intervals. Alongside the 7-point party identification scale, I used age
as my second variable because it allowed me to map
out each generation’s progression over time and “generation” itself was not an ANES variable option. The
maximum age range of the ANES data extended from
17-99, although to make my analysis representative of
voting-age Americans (18+) only, I excluded the data
of the 17 years old from my calculations. Additionally,
to avoid results that were not reliably representative
of a certain age that may have skewed my data, I only
used the ages that had a sample size (n) of at least 10
participants, which sometimes led me to exclude the
youngest and oldest few ages in a chart’s given range
(these exclusions are noted in the annotated tables of
Appendix B).

Procedure
In order to close the gap on past debates of whether
or not, and to what degree, generations become more
Republican as they age, I first aimed to determine the
progression of each generation’s party identification
over time. To begin my research, I created a table with
the 6 generations I am considering in my research as
columns against rows of each year of available ANES
data, being 1952, 1956, 1958, 1960, 1962, 1964, 1966,

1968, 1970, 1972, 1974, 1976, 1978, 1980, 1982, 1984,
1986, 1988, 1990, 1992, 1994, 1998, 2000, 2002, 2004,
2008, 2012, and 2016. Then, using the birth-year ranges of each generation, as defined earlier, I calculated
the age ranges that each generation would be for each
year listed (see Appendix A). I did this step so that
it would be easier for me to identify which ages corresponded to which generation whilst I was collecting
the data from the yearly sources. Next, I accessed the
archive of the Survey Documentation and Analysis
(SDA) database online and went to the section headed
“American National Election Studies (ANES).” From
here I used the ANES Cumulative Datafile 1948-2016
(SDA 4) to generate data tables of “PARTISANSHIP:
Party Identification of Respondent - 7-point Scale”
(variable VCF0301) versus “DEMOGRAPHICS: Respondent - Age” (variable VCF0101) by using the row
and column options respectively. I did this first for the
year 1952, being the first year to include both variables, by additionally putting “year(1952)” into the selection filter before running the table. I repeated this
process for all subsequent available years and took
screenshot pictures of each chart along the way. Using
a digital writing tool, I then annotated the age cut-offs
of each generation for a given year according to the
ranges determined in the Appendix A table. Next, I
found the party identification of each age in a year,
starting again with 1952, by adding the products of
the frequencies of each party identification level and
their corresponding numbers as ranked 1-7. To find
the party identification of each generation in that year,
I then took the average of these age groups (excluding ages with a sample of less than 10) between the
lines annotated earlier on each chart (see all work in
Appendix B). I recorded my results of average party
identification for each generation in another table and
proceeded to do this for every generation in each yearly chart. To simplify this process further, beginning in
the year 1958, I adopted a slightly alternative method
where I added all the ages’ frequencies in a generation
for each party identification level, multiplied them by
the corresponding number ranked 1-7, took the summation of all of these, and then again divided by the
total number of ages accounted for in that generation.
This way I could calculate the generational averages
by working with the 7 party identification levels rather
than all of the ages individually, which became a more
time-efficient manner.
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Findings
After performing this process for each yearly chart,
the data for the party identification progression of
each generation was complete (see final data in Appendix C). To visualize these trends better and because the data represented a progression over time, I
transcribed the data into scatterplots for each generation’s party identification versus the years used. I additionally made a plot of the total average party identification over time in order to see the progression of all
of the included generations over the years. Moreover,

I conducted linear regression t-tests (α=0.05), as they
align best with scatterplots, and linear regression intervals with 95% confidence levels to get the ranges
for each generation’s expected yearly shifts (see each
generation’s full statistics in Appendix D). For the
linear-regression t-test, the null hypothesis was β1=0,
indicating no relationship between party identification and time. The alternative hypothesis stated that
β1≠0, suggesting a relationship in how that generation’s party identification changed over time.
For the Greatest Generation (Fig. 1) the test failed
to find a relationship between party identification and
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time, with a large p-value=0.491. In contrast, the Silent Generation (Fig. 2) yielded a statistically significant rejection of the null hypothesis, with a small pvalue=0.000001, thus suggesting a relationship. Over
the 65 years and 28 elections, a 95% confidence interval found this average shift of the Silent Generation
to be between 0.007 and 0.013 points (on the 7-point
ANES scale) more Republican each year. Very similar to the Silent Generation, the Baby Boomer Generation’s party identification versus time data (Fig. 3)
determined a strong correlation (r=0.729) between
party identification and time (p-value=0.0002). This
suggested an association, by which the 95% confidence interval placed between 0.006 and 0.017 points
more Republican per year. Generation X (Fig. 4) saw
no statistically significant evidence to suggest that
their party identification consistently shifted over
time (p-value=0.478). Likewise, over the minimal
time span of only 6 elections, Generation Y/Millennials’ data (Fig. 5) failed to reject the independence
of variables party identification and time with a large
p-value=0.285. The total average party identification
of all the used generations each year (Fig. 6), starting
in 1952 and reaching until 2016, generated a strong
correlation (r=0.759). The presence of a relationship
rejected the null hypothesis (p-value=0.000003), and
a 95% confidence interval measured this relationship
to be between 0.006 and 0.011 party identification
points more Republican each year.

Analysis and Discussion
Generational Conclusion
The results from this wide-ranging analytical
study offered considerable insight into the question
of whether or not, and to what degree, generations’
political party identifications become more Republican-leaning over time in America. The most notable
findings came from the only two comprehensive generations, those being the Silent Generation and the
Baby Boomer Generation. Both generations produced
similar confidence intervals that placed the slope of
the identification versus time graphs between around
+0.007 and +0.013, indicating that over the course of
a hundred years a generation will become around one
step more Republican-leaning on the 7-point party
identification scale. This confirmed my hypothesis in
favor of the popular conjecture by showing the presence of a small shift over time.
While the other generations failed to recreate this
same trend with any significance, it remains noteworthy the limitations of their scopes. The Greatest Generation began with an older population (not starting
with 18 year-olds as the aforementioned two generations did) and ended with often fewer ages of much
smaller sample sizes as even the youngest ages of the
generation pushed increasingly into their 80s and 90s.
This latter phenomenon proves evident in Figure 1
where the starkest inconsistencies in any of the data
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occurred toward the end of the Greatest Generation,
as shown by the large and fluctuating residuals of the
scatterplot. For Generation X and Generation Y/Millennials, the sheer lack of data points due to the narrower lifespans of the generations disrupted the ability to identify any definitive long-term progressions.
With this in mind, the Silent and Baby Boomer Generations were the only two comprehensive generations and hence the most critical ones for identifying
trends. Thus, their significant findings still suggest a
vaguely generalizable trend of generations becoming
more Republican as the age, despite not being explicitly reiterated by the other generations.

Age-Period-Cohort Conclusion
Alongside this generational conclusion, the research shines supplemental light on the ways to
control for and operation of the Age-Period-Cohort
debate. In regard to controlling for cohort effects, by
following multiple set cohorts, being the generations,
I analyzed the specific effects of aging on the distinguishable generations. Interestingly, since the only
significant trends were remarkably similar despite
being by distinct generations (the Silent and Baby
Boomer ones), it suggests that the cohorts themselves
do not behave differently when it comes to party identification progression. Though only two generations,
this casts doubt on the cohort hypothesis, at the very
least forcing it to shift to encompass much larger birth
ranges (the Silent and Baby Boomer Generations
jointly span 40 years).

Furthermore, the data’s vast reach across many
time periods, embodied by the “Total Average Party
Identification Per Year” plot (Fig. 6), accounted for period changes. The scatterplot’s fairly linear and consistent trend signals that party identification is not subject in a major way to outside events. Not only does
this reinforce Campbell et. al.’s (1960) idea that party
identification would be reasonably robust, but it also
bolsters Shively’s (1979) conclusion against the period
hypothesis due to world events more principally. In
regard to a more general period concept in which the
entire population naturally shifted over time in accompaniment with societal changes, the increasing
divergence of the generations as they became more
numerous, which can be seen more clearly below
in Figure 7, steers against this idea. This shows that
the generations are not all following one set pattern
which would be the case if it was merely the period
that had changed. Further still, considering each generation consistently responded to the same American
National Election Studies 7-point scale, if it was the
period that made younger ages seem more Democratic and thereby led to the total average plot’s progression (Fig. 6), the individual generation’s graphs
would still look stagnant. Therefore, considering the
Silent and Baby Boomer Generations’ individual scatterplots depicted statistically significant trends with
their positive slopes, it can be affirmed that it is the
generations themselves shifting, not the period. This
outcome additionally underscores historical trends as
the previously mentioned increasing youth Democratism from “The Generation Gap” (2011) denotes
that, if anything, the total average chart should favor a
Democratic, as opposed to Republican, shift.
All of this comes together in support of the idea
that, rather than those of cohorts or periods, the shift
in party identification in America is due to “aging” or,
in the sense of generations, the groups progressing
through time. To a large extent, this puts an end to
the highly discussed Age-Period-Cohort debate first
described by Glenn and Hefner (1972) and aligns with
Tilley and Evans’ (2014) analysis of the debate done
in Britain. My results specifically unite generations’
“aging” in correlation to their party identification
becoming more Republican. It is still acknowledged,
however, that the actual reasoning for why this phenomenon occurs remains unknown and the innate
process of aging might not be the true cause. Such a
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caveat is referenced by Glenn (1974) when discussing
the difficulty of even defining the manifestations of
an “aging” process: psychological development rates,
life-cycle and maturity stages, different environmental pressures, biological progressions, the neurological passage of time, a combination, or something else
altogether (pp. 176-186).

one side a group of present-day Independents shifting
rightwards, while an increasingly diverse, educated,
and socially liberal youth body extends left. As for the
breadth by which this latter power might prevail, and
thereby the end result, it seems as though only time
will tell.

Future Directions

Nature of the American Electorate’s Political
Shifts Conclusion
Another intriguing point of these results when
combined with Alwin and Krosnick’s (1991) findings
is its commentary on the nature of how generations
shift politically. Their idea that individuals become
more extreme in a party lean over the course of their
lifetimes is a trend that even the ANES yearly tables
allude to with their consistent narrowing of the Independent groups as the ages got older. Illustrated in
the lower-left corner charts, an example of this can be
seen in Figure 8, which is the 1952 table cropped and
edited to highlight this phenomenon. When taken in
parallel with the idea that generations as a whole become slightly more Republican over time, then it is
likely not that each person shifts slightly Republican
over their lifetime, but rather that already Republican
and Democrat-leaning individuals become stronger
party affiliates, while the originally Independent and
less decided populations shift more Republican in
greater aggregate amounts.
The final conclusion that can be drawn from this
research ties back to the inquiry brought up at the
beginning of this paper. It wondered if the younger
generations of today would grow up to be any fundamentally different than our parents in reference to
political outlook and what this may hold for the future of the American political climate. To the former
measure, the answer has the potential to go either
way. Although there is reason to believe that generations’ party identification becomes more Republican
as they age, the factor by which this occurrence exists
was situated at only around one step over a generation’s duration of nearly a century. This means that if
the younger generations do indeed follow the vision
outlined for them so far within recent polls as a novel
Democratic force, then it will not take much to inundate the Republican-shifting aging trend. This leads
to a future political climate of competing forces: on

A feasible future extension of this study would be to
look at how the party identification of each individual
age progressed over time, hence eliminating the need
to draw semi-arbitrary lines grouping people into
“generations.” Although this would likely be valuable
in order to corroborate the aging conclusion outside
of just generations, it would not propagate insight into
the actions of mass sectors of society going forward.
As to achieve this latter goal, another relevant direction would be to investigate how the younger generations may be psychologically distinct and the reasons
behind any variation. This deeper understanding of
the fundamental nature of the generations could yield
heightened conclusions on how their perspectives
translate into political views. When taken alongside
other demographic nuances of the younger generations that may impact overall political outlook—including racial make-up, urban and rural distributions,
religious beliefs, education level, wealth and class
discrepancies, and total electoral size—such generational trends may be applied toward the forthcoming
years. All of this in parallel with the party identification shifts of generations over time, as determined by
this paper, would facilitate the ability to make better
predictive models about the next generations’ political leanings and, in accordance, garner a more holistic
picture for the future of American politics.
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Appendix C
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Analysis of Ivacaftor Drug Approval For Cystic Fibrosis
Patients With Gating Mutations
Samitha Nemirajaiah
Cystic fibrosis is an inherited monogenetic disorder that leads to chronic respiratory and lung
infections. These infections result in decreased quality of life in patients. Quality of life (QOL) can
be attributed to many disease characteristics such as hospitalization, organ transplant, depression,
and bacterial infections. Ivacaftor is the drug approved to treat cystic fibrosis patients with G551D
gating mutation. The goal of this paper was to demonstrate how an earlier approval of Ivacaftor
for all gating mutations would have helped the QOL for the subset of cystic fibrosis patients with
non-G551D gating mutation. After reviewing studies from reputed sources about Ivacaftor treatment effects on disease characteristics, a total of twenty studies were reviewed, and nine studies
were selected to conduct a meta-analysis. In the meta-analysis, forest plots for QOL outcomes were
generated. Meta-analysis showed that Ivacaftor improved the disease characteristics/bacterial infections and quality of life in cystic fibrosis patients.
Keywords: CFTR, cystic fibrosis, gating mutations, Ivacaftor

Introduction
Cystic fibrosis is a progressive, monogenetic lifethreatening lung disease that affects about 35,000 people in the United States and 70,000 worldwide. Cystic
fibrosis is considered an orphan and a rare disease
(defined as a disease in which the number of patients
affected is less than 200,000). Life expectancy has improved from five years in the 1950s to 50 years currently. The mortality rate for cystic fibrosis patients is
about four percent. Cystic fibrosis causes severe damage to the lungs, and there is no cure. This research
will concentrate solely on cystic fibrosis caused by gating mutation.
The condition is caused by a dysfunction, or a
missing protein called Cystic Fibrosis Transmembrane Conductance Regulator (CFTR). CFTR protein
regulates the salt and water balance at the surface of
lung cells. When there is a malfunction in the saltwater balance, the lungs get infected (Pittman & Ferkol,

2015). CFTR exists at the epithelial cell surface, where
it facilitates chloride transport across the membrane
to maintain salt and pH balance in multiple organs.
CFTR mutations disrupt Chloride transport causing
an accumulation of sticky mucus in the lungs. (Yu et
al., 2012) There are over 1800 different CFTR mutations; one among them is gating mutation. Gating refers to the opening and size of the gates or pores on the
CFTR protein surface for salt and water movement.

Literature Review
The Present State of Cystic Fibrosis and
CFTR Modulators
CFTR modulators have various modes of action,
different from those of other therapies. One of the
variations is that it restores and improves the defec-
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tive CFTR protein’s functioning. The latter is mostly
useful to individuals who have CFTR mutations.
CFTR modulators that are highly effective can provide many transformational benefits by facilitating
improvements along with several significant endpoints in clinical care and trials (Clancy, et.al, 2019).
An essential objective of the cystic fibrosis care and
research community is to provide CFTR-based therapies to any individual diagnosed with cystic fibrosis.
In this case, the modulators can be termed as tiny
molecules whose goal is to improve “mutant CFTR
proteins” by using various approaches. One approach
is potentiators that promote the advancement of gating CFTR variants. They raise the probability of having an open channel for the gating of the mentioned
variants (Strub & Mccray, 2020). Another approach is
correctors, which augment the trafficking of the processing variants for CFTR to the plasma membrane.
Readthrough agents suppress premature termination codons (PTCs) and produce readthrough that
is transnational through the ribosomes. Amplifiers
are another approach, which increases the level of
variant CFTR available for successive modulation by
small molecules that are protein active. Potentiators
and correctors are two categories of modulators that
have gained approval as treatments for cystic fibrosis
brought about by discrete CFTR variants. The various
mentioned approaches are used by recent clinical trials in examining the CFTR modulators.

Gating Processes and Mutations
Similarly, in some cases, gating mutation leads to
defective channel gating. Gating mutations represent
about ten percent of all CFTR mutations. The gating
mutations are G551D, which represents about five
percent of all CFTR mutations, and ninety percent
of all gating mutations, and non-G551D mutations
(G178R, S549N, S549R, G551S, G970R, G1244E,
S1251N, S1255P, and G1349D), which represent ten
percent of all gating mutations. There are approximately one hundred and fifty people with non-G551D
gating mutations in the United States of America.
(Yu et al., 2012). Since discovery of the disease in the
1940s, cystic fibrosis treatment and drug development were mainly based on the symptoms. The drug
development for cystic fibrosis moved from treating
the symptoms and secondary infections to primary

prevention of chronic lung disease. Since discovery
of the gene and significant advances in knowledge at
the molecular level, it has become possible to develop
proper drugs. It was well established that CFTR gene
mutation caused cystic fibrosis (Mayer-Hamblett et
al., 2007). In the early part of the 2000s, A biopharmaceutical company called Vertex Pharmaceutical started developing a treatment that specifically targeted
the CFTR gene mutation, explicitly gating mutations.
Vertex Pharma developed oral molecules to increase mutated CFTR gene gating activity using highthroughput screens, resulting in many pre-clinical
hits in in vitro screening assays. (McPhail & Clancy,
2013) The name of the drug molecule developed by
Vertex Pharma was VX-770 (Ivacaftor). Ivacaftor was
considered a CFTR potentiator since it enhanced salt
and water movement through the defective gates/
channels. Vertex Pharma conducted various in vitro
studies, Biopharmaceutics studies, animal toxicity
studies, Drug-drug interaction studies, Pharmacokinetics studies, and placebo-controlled, randomized
safety and efficacy clinical trial studies. Ivacaftor is an
oral 150 mg oral tablet taken twice daily. The company, Vertex Pharmaceuticals, conducted in vitro analysis for both gating mutations G551D and non-G551D.
However, they ran the efficacy and safety trial for
only G551D gating mutations. Vertex Pharma ran two
placebo-controlled randomized trials STRIVE and
ENVISION, for cystic fibrosis patients with G551D
gating mutation. The results were statistically significant, meeting the primary endpoint. In the Vertex
trials, the FEV1 was improved by more than ten percent, which was statistically significant and clinically
meaningful. In February 2012, The Food and Drug
Administration (FDA) approved Ivacaftor for patients
with G551D gating mutation. Vertex Pharma conducted another small cross safety and efficacy clinical
trial named KONNECTION (39 patients) for cystic
fibrosis patients with non-G551D gating mutations.
The test met the primary endpoints, and subsequently, FDA approved Ivacaftor for non-G551D gating
mutations (G178R, S549N, S549R, G551S, G970R,
G1244E, S1251N, S1255P, and G1349D) in 2014
(Discussion 2015). After Ivacaftor’s approval for cystic fibrosis with gating mutations, it was evident that
the drug improved the outcomes and hospitalization
rates. Ivacaftor was significant for multiple gating mutations (Robison, 2012). It was not a surprise that the
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ivacaftor uptake was rapid, and 80% of the eligible patients were on the drug within the first twelve months
after FDA approval in 2012.
Furthermore, a study conducted on 143 patients on
the drug ivacaftor showed a 55% decrease in general
hospital admission and an 81% decrease in cystic fibrosis-related hospital admission. A reduction in hospitalization rates leads to an increase in quality of life.
(Feng et al., 2018). Ivacaftor has proven in clinical trials that it works for all gating mutations (G551D and
non-G551D). Ivacaftor has demonstrated in in vitro
studies that it works in all gating mutations. The primary function of Ivacaftor is to increase the opening
of the CFTR channel or gate. Research by (Eckford et
al., 2015) found that CFTR potentiator Ivacaftor opens
the defective channels/gate of mutant CFTR, agreeing
with the findings by (Goor et al., 2009) that showed
Ivacaftor increased the probability of an open CFTR
channel. According to (Elborn 2011), research has
shown in in vitro studies that gating mutations similarly respond to Ivacaftor to G551D. Also, J Elborn
notes that there are too few patients with these mutations (non-G551D gating) to allow conventional clinical trials. According to the FDA reviewer (Ivacaftor
approval for G-551D modification), the in vitro results
appear to be consistent with classifying ivacaftor as a
potentiator of the CFTR protein (Robison, 2012). Before conducting the placebo-controlled randomized
clinical trials for clinical trials, Vertex pharmaceutical
conducted a detailed in vitro study of Ivacaftor’s potential for CFTR gating mutations. Mutant CFTR was
obtained from Fischer Rat Thyroid (FRT) cells.
Also, single-channel patch-clamp technology was
employed to measure the channel open probability
of CFTR directly. The results showed that the chloride transport and channel/gate open probability increased in both gating mutations after administering
Ivacaftor. (Both G551D and non-G551D). (Yu et al.,
2012) The data suggested that the mechanism of action increases chloride ion transport by increasing
the CFTR channel/gate’s open probability (Welsh &
Smith,1993). The studies show that Ivacaftor increases
the available probability in CFTR “gating defect” mutant channels (G551D, S549N, S549R, S1251N) (Robison, 2012). Three results from the actual randomized
placebo-controlled clinical trial for G551D gating mutation (STRIVE and ENVISION studies) correlated to
the in vitro results in terms of gate/channel opening.

The increase in chloride transport and gate/channel
opening demonstrated in in vitro studies resulted in
improvement in FEV1 of the patients in clinical trials.
Similarly, in the clinical trials conducted for nonG551D gating mutation (KONNECTION study), the
FEV1 improved correlating to in vitro studies. (Yu et
al., 2012) The improved chloride transport and gate/
channel opening link to improvement in FEV1 based
on clinical trials. However, a second clinical trial
needed to be conducted, and two and half years were
spent to get the approval.

Gap in Research
The FDA approved Ivacaftor for a G551D gating
mutation in February 2012. The FDA approved Ivacaftor for non-G551D (G178R, S549N, S549R, G551S,
G970R, G1244E, S1251N, S1255P, and G1349D) gating mutation in February 2014. The in vitro data in
2009 showed that Ivacaftor worked similarly for all
gating mutations (G551D and non-G551D). Ivacaftor
in vitro data for gating mutations directly correlated
to the improvement of FEV1 in the clinical trial. The
number of patients for non-G551D gating mutations
is meager (about one hundred and fifty patients and
represents one half percent of all cystic fibrosis patients) and difficult to recruit. The literature states that
in vitro study is an excellent predictor of clinical trial
outcomes for CFTR gating mutations in cystic fibrosis patients. According to Professor Elborn (2011) of
Queens University, U.K., “There are too few patients
in the world with these mutations to allow the conventional clinical trials to be conducted” (p. 4). Cystic
fibrosis is a dreaded disease with no cure, and Ivacaftor has proved to reduce hospitalization and improve life quality based on studies.
Additionally, the FDA has approved drugs for rare
diseases based on smaller clinical trials, in vitro data,
and animal clinical studies (Clancy et al., 2019). By
first approval in February 2012, Ivacaftor had already
proved safety and efficacy in clinical, in vitro, and animal studies for gating mutations. Essential factors for
earlier approvals are efficacy and safety of the drug,
clear disease cause (gating mutations), clearly known
disease pathology, no available alternative therapy, the
precise mechanism of action (Ivacaftor), the severity
of the disease, and rarity of the disease. The gap leads
to the specific research question: ‘How could the in-
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clusion of non-G551D gating mutations in the 2012
drug approval for Ivacaftor by Vertex Pharma have
increased patient quality of life before the subsequent
approval for non - G551D gating mutations?’

also analyzed to measure improvements demonstrated in patients using Ivacaftor, thereby showing how
those improvements could have helped the subset of
non-G551D cystic fibrosis patients who had to wait
two extra years for approval.

Purpose and Hypothesis

Study Selection

The purpose of this research is to explore whether
the results from in vitro data and studies based on
gating mutations can be used for drug approval for
rare disease treatments, hence improving the patient’s
quality of life with earlier drug availability. Thus, the
hypothesis is that “If the cystic fibrosis patients with
non-G551D mutations had been given Ivacaftor in
2012, then their quality of life would have improved
with the earlier approval.”

Methodology
The research goal was to analyze and demonstrate
how the inclusion of non-G551D gating mutations in
Ivacaftor’s initial drug approval would have increased
patients’ quality of life. A meta-analysis was warranted to show the improvement in cystic fibrosis disease
characteristics across studies and to obtain a precise
estimate of the effect of treatment. The meta-analysis
was performed under the guidelines outlined by the
Preferred Reporting Items for Systematic Reviews
and Meta-analysis (PRISMA) statement (Liberati et
al., 2009). Various studies have shown disease characteristic improvements, but a systematic review was
conducted to conclude a definitive trend. The data was

A comprehensive search was performed to find relevant studies and data sources. Sources implemented
in the data search were extracted from databases selected by credibility and related sources. All published
sources considered for implementation in the study
were peer reviewed and taken from PubMed, British
Medical Journal, Elsevier, U.S. cystic fibrosis data registry, U.K. cystic fibrosis data registry, and ScienceDirect databases. In each database, an advanced search
was employed based on keywords such as, ‘G551D
and non-G551D gating mutations’, ‘Ivacaftor pre-clinical studies,’ ‘Ivacaftor and Cystic Fibrosis,’ ‘Ivacaftor
effects on cystic fibrosis patients,’ ‘Ivacaftor and hospitalization’ and ‘Disease progression in cystic fibrosis
patients.’ Specific studies that showed a numerical improvement in disease characteristics and bacterial infections were selected. A quality assessment was done
using Grading of Recommendations, Assessment,
Development, and Evaluation, or GRADE (Guyatt et
al., 2008). The studies were assessed based on the type
of evidence (such as a randomized trial, observational
study, or any other evidence), study quality, inconsistency, sparse data, strong evidence of association, very
strong evidence association, and evidence of doseresponse. The GRADE system has four levels based
on the quality of evidence: high, moderate, low, and
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very low. Studies with low population, lack of numerical disease characteristics, or bacterial infection data
were excluded from the meta-analysis. The phases of
the systematic review process are documented using
the PRISMA flow chart in Appendix A.

Data Extraction and Statistical Analysis
Meta-analysis was used to analyze data to measure improvements shown in patients using Ivacaftor,
thereby showing how those improvements could have
helped the subset of non-G551D cystic fibrosis patients who had to wait two extra years for approval.
The patient data for Ivacaftor and comparator was collected from cystic fibrosis registries and other studies,
including disease characteristics and bacterial infections, and extrapolated to the patient set with nonG551D gating mutations. STATA was used to perform
all statistical analysis.
The data was initially tabulated and represented using descriptive statistics. An exploratory analysis was
conducted to describe the characteristics of the population included in this meta-analysis. The incidence
of each postoperative outcome (i.e., Quality of Life
[QoL] items) was extracted as a dichotomous variable
(present or absent) and compared using Odds Ratios
(OR) with their respective 95% confidence intervals
(CI). Forest plots were used to illustrate the estimations and overall effect sizes with pooled Odds Ratio
(OR) represented as a solid diamond at the bottom
of the forest plot. Predetermined subgroup analyses
were performed based upon bacterial infections or
type of outcome. Heterogeneity (I2) was assessed by
with the correspondent chi-squared test (I2 < 50% and
I2 > 50% were considered insignificant and significant
heterogeneity, respectively). The meta-analysis of the
binomial data was performed using a random-effects
model and the DerSimonian & Laird method (DerSimonian & Laird, 2015).
Bias in the meta-analysis was tested by calculating
publication bias and running funnel plots using Egger’s
test (Egger et al., 1997). Funnel plots were constructed
to represent any tendency for publishing in favor of the
positive effect. Significant publication bias was considered when there was an asymmetry in the plot, and a
statistically significant bias coefficient was noted according to Egger’s test. P values < 0.05 were considered
statistically significant in all statistical analyses.

The data analysis resulted in measurements of
Quality of Life (QOL) improvements such as percentage reduction in hospitalization, the percentage reduction in hospital visits, improvement in mortality
rate, improvement in lung function, disease progression, organ transplants, and pulmonary exacerbation
for non-G551D patients had they been administered
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Ivacaftor along with G551D patients. The data analysis shows how the patient’s Quality of Life (QOL)
would have improved if they started using Ivacaftor
with initial approval for all gating mutations.

Justification and Limitations of
Methodology
Meta-analysis is conducted to assess the strength
of evidence present on disease and treatment to obtain
a single summary estimate of the effect. It is a quantitative, systematic assessment of previous research
studies to derive conclusions about that body of research (Haidich, 2010). Statistical analysis shows the
various measurement and trends for patient Quality of Life improvement and is useful to ensure that
the interpretations are correct. According to the research by Vendrusculo et al. (2018), a meta-analysis
on benefits and risks of antibiotic therapy in cystic
fibrosis patients was conducted, and the study used
UK Cochrane Centre for optimal recall of Randomized Controlled Trials (RCT) for search strategy. RCT
was rated based on a quality index. Five parameters
were used to rate, namely, an adequate description of
patient groups, an adequate description of the intervention, adequate assessment of outcomes by clinical
assessment, outcome assessments, and an adequate
description of effects of the intervention. For statistical analysis, dichotomous and continuous outcome
measures were used. Additionally, according to the
research done by Florescu et al. (2009), an electronic
patients’ record was used to collect clinical data. The

study was conducted at a single pediatric cystic fibrosis center in Paris. It was important to know the patient
characteristics before the treatment was started, and
hence the patient data collection was started before
the azithromycin treatment was started. Then the data
was collected every twelve months until discontinuation. Characteristics such as Body Mass Index (BMI),
Forced Expiratory Volume in one second (FEV1), the
annual rate of acute respiratory exacerbations, arterial blood gas, microbiological analysis, and pulmonary function tests were recorded. Statistical analysis
was conducted using multiple imputations for missing pulmonary function data. These published papers
were successful in deriving a conclusion, and their
methodology is similar to the methodology of this
research. Essentially, these outside research papers
make use of the meta-analysis method, using similar
components to the methodology of this research.
In 2012, there was not much awareness about genelevel treatment for cystic fibrosis patients. Ivacaftor
was the first drug to be approved as a targeted treatment for this rare disease’s gating mutation. There is
enough material to concur that Ivacaftor works for all
gating mutations and would have improved the life of
cystic fibrosis patients with non-G551D gating mutation earlier if ivacaftor had been approved initially for
all gating mutations.

Results
Included Studies
After using the GRADE system (Guyatt et al.,
2008) to evaluate studies, seven studies were used for
meta-analysis. This includes 21 sets of data from all
the studies containing disease characteristics and bacterial infection data (Quality of Life data). The goal
here is to use the data collected from these studies and
extrapolate it to a 150 patient population comprising
non-G551D gating mutation. The data was divided
into ten different groups for disease characteristics
and eleven groups for bacterial infections.
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Forest plot based on diseases characteristics

Figure 1
Forest plot for non-G551D Quality-of-Life outcomes
comparing Ivacaftor vs. control

The forest plot for Quality-of-Life outcomes comparing Ivacaftor vs. control (Figure 1) favors ivacaftor
in the overall summary of all disease characteristics.
It shows a significant reduction in hospitalizations
(OR 0.42, 95% CI 0.31-0.57), Pulmonary exacerba-
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tions (PEX) (OR 0.44, 95% CI 0.32-0.61), CFRD (OR
0.65, 95% CI 0.42-1.00), and depression (OR 0.51,
95% CI 0.27-0.97). The rest of the outcomes were not
significantly improved, as shown in the graph (diamonds crossing the unit line). The overall summary
measure of complications was also reduced significantly (OR 0.57, 95% CI 0.5-0.66). As desired, these
results did not have statistically significant heterogeneity (I2=6.0%). Hospitalization is a critical criterion
when it comes to treatment effect and quality of life
improvement. Each disease characteristic shows in
favor of using Ivacaftor. These results show that the
cystic fibrosis patients with non-G551D gating mutation would have a favorable improvement in quality of
life with ivacaftor.

Publication bias for QOL
Figure 2
Publication bias analysis for QOL
In Egger’s plot for publication bias analysis for
QOL (Figure 2), each point represents a dataset for
QOL outcomes. The regression line follows the direction of the points, and there are no outliers in this
graph, which suggests no evidence of publication bias.
This was subsequently demonstrated by calculating
the bias coefficient (coefficient 0.9, P = 0.65), which
was non-significant.
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Forest plot based on Bacterial Infections
Figure 3
Forest plot for non-G551D bacterial infections outcomes comparing Ivacaftor vs. control

The forest plot for bacterial infections outcomes
comparing Ivacaftor vs. control (Figure 3) shows a
significant reduction in infections due to Aspergillus (OR 0.43, 95% CI 0.27-0.70), Mycobacterium (OR
0.65, 95% CI 0.44-0.97), and Pseudomonas aeruginosa (OR 0.56, 95% CI 0.41-0.76). The rest of the outcomes were not significantly improved, as shown in
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the graph (diamonds crossing the unit line). The overall summary measure of infectious complications was
reduced significantly (OR 0.65, 95% CI 0.56-0.77).
As desired, these results did not have statistically significant heterogeneity (I2). Even though the outcomes
were not statistically significant, with P value greater
than 0.05, but it was clinically meaningful. The majority of bacterial infections outcomes show in favor of
using Ivacaftor for cystic fibrosis patients with nonG551D gating mutations.

Publication bias for bacterial infections
Figure 4
Publication bias analysis for bacterial infections.

In Egger’s plot for publication bias analysis for bacterial infections (Figure 4), each point represents a dataset for each bacterial microorganism. The regression
line follows the direction of the points, and there are
no outliers in this graph, which suggests no evidence
of publication bias. This was subsequently demonstrated by calculating the bias coefficient (coefficient
0.7, P=0.46), which was non-significant.
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Summary of Quality of Life
(QOL) measurements

show an improvement with the use of Ivacaftor with
the exception of Influenza infection, which is considered non-life threatening.

Figure 5
Non-G551D disease characteristics and bacterial infections improvement

Ivacaftor is favored in almost all disease characteristics and bacterial infections. Had Ivacaftor been
approved for non-G551D cystic fibrosis patients in
the year 2012 along with G551D patients based on in
vitro study data, the mortality rate would be reduced
by two patients, and the hospitalization rate would be
reduced by about 50%. Data analysis of lung-related
infections, Pex, and Pseudomonas aeruginosa shows
substantial improvements with use of ivacaftor. Other
important quality of life related characteristics such as
cystic fibrosis-related diabetes (CFRD), depression,
and bone/joint pain also show substantial improvement with the use of Ivacaftor. All bacterial infections
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Discussion
The results from the data analysis clearly indicate
that the quality of life of cystic fibrosis patients with
non-G551D would have improved on both disease
characteristics and bacterial infections with the use
of ivacaftor. Ivacaftor’s use dramatically improved
most of the disease characteristics and bacterial infections, and in turn, quality of life. Some of the other research concurs with the findings of this research. For
example, Salvatore et al. show how Ivacaftor helped
reduce Pex and other characteristics in severe cystic
fibrosis patients with non-G551D gating mutations.
The study also showed improvement in sweat chloride and FEV1 data, clearly indicating that Ivacaftor
significantly affects cystic fibrosis patients. This study
also found that Ivacaftor improved weight and BMI,
which can be considered as a quality-of-life improvement. Additionally, as explained by De Boeck et al.,
the KONNECTION study showed lung function improvement between placebo and Ivacaftor with statistical significance. The serious adverse events, which
are considered life-threatening, were reduced by 45%
in the group using Ivacaftor.
The initial hypothesis was, “If the cystic fibrosis
patients with non-G551D mutations had been given
Ivacaftor in 2012, then their quality of life would have
improved with the earlier approval.” The literature
also showed that Ivacaftor was equally effective in vitro for all gating mutations. This hypothesis led to our
research question. The results show that Ivacaftor is
favored in almost all disease characteristics and bacterial infections. Thus, had Ivacaftor been approved for
non-G551D cystic fibrosis patients and G551D patients based on in-vitro study data, the patient quality
of life would have improved with clinical significance.
The clinical trials later conducted affirmed that Ivacaftor works similarly for all gating mutations. The
results affirm the initial hypothesis.
There are some limitations to the findings of this
research. The research is comparing outcomes based
on different mutations. The registry data was compared with and without the use of Ivacaftor rather
than with and against placebo. Even though it is a reasonable assumption that all cystic fibrosis patients are
under treatment, there is a possibility that the disease
characteristics might vary to a larger degree among
mutations. Furthermore, previous studies have shown

that the genotype and phenotype of different mutations have similar characteristics. In the end, each case
must be weighed based on the available data.

Conclusion and Future Directions
Cystic fibrosis is a rare disease without a cure. The
patient population is meager. As we have seen from
the literature, finding a cure or treating rare illnesses
is exceedingly difficult. When a drug shows moderate efficacy and a decent safety profile during an earlier phase of a clinical trial in a rare disease such as
cystic fibrosis, earlier approval for similar mutations
may be desirable. The later clinical trial results, which
took over two years to complete proved that Ivacaftor
worked similarly for all gating mutations. As we have
seen lately, there is a drive for accelerated approval of
drugs for rare diseases based on early data. Accelerated approvals have become more common for treating
rare diseases with a confirmatory trial requirement
after the drug approval based on satisfactory early
data. There have been instances where a drug was
approved for a rare disease based on an exceedingly
small clinical trial, but later confirmatory trials failed.
It is a delicate job of risk versus reward. Drug development should include quality of life improvement as
one of the criteria. We have a similar situation where
a phase two clinical trial for cystic fibrosis nonsense
mutation, G542X, represents 37% of all cystic fibrosis
non-sense mutations conducted by Eloxx pharmaceuticals. Currently, there is no treatment for nonsense
mutations, of which there are about 73. It would be
practically impossible to recruit patients for every one
of 73 mutations. Given this is a rare disease, it is hard
to find patients to conduct clinical trials. The implications could extend to the drug being approved for all
nonsense mutation classes, based on the results and
data from in vitro studies, where it shows that the drug
works for all nonsense mutations (G542X, W1282X,
R553X, R1162X, E60X, etc.). The earlier approval
would result in improved patient quality of life.
Some of the critical factors for early drug approvals
in pediatric rare disease settings are promising early
data and a strong parents advocacy group. Since there
are no cures for these rare diseases, the approval authorities should evaluate the drugs based on early data
and supporting in vitro data. The current health care
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insurance system does not allow unapproved drugs to
be covered by insurance. There are drugs with some
efficacy that never made it to the treatment regime because of various factors such as not showing statistically significant results (even though clinically meaningful), safety issues, or incomplete data. The patient
advocacy group should be involved with approving
authorities to facilitate proper resolution. Letting patients decide to try a drug that may not meet all the
approval requirements is another aspect to consider
as a future direction.
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UNDERSTANDING VARIATIONS IN 2020 U. S. CENSUS SELF-RESPONSE RATES

Georgians at Risk: Understanding Variations in 2020 U. S.
Census Self-Response Rates
Robert E. Livingston
Despite the United States Census Bureau’s efforts to get complete and accurate counts of all U.S.
residents in its decennial censuses, researchers have repeatedly found that there remain “hard-tocount” populations that are underrepresented in the final numbers. These hard-to-count populations disproportionately include residents living in poverty, racial and ethnic minorities, and
residents living in rural communities. In preparation for the 2020 Census, the U.S. Census Bureau
introduced online responding as the preferred method of self-response to the census in order to
improve response rates and decrease inequities in the final counts, while reducing the overall cost
of administering the census. With the introduction of online responding, researchers and community activists raised concerns that unequal broadband coverage puts the traditionally hard-to-count
populations at an even greater disadvantage for the census. This research study uses correlation
analysis and simple regression analysis to determine if the historical patterns of underrepresentation of hard-to-count populations improved in 2020 with the changes in counting methods. The
results of the analyses indicate that the changes failed to achieve their goals, especially for poor and
rural Georgia residents.
Keywords: United States census 2020, Georgia census, census undercounts, internet self-response,
hard-to-count

Introduction
Article I, Section 2 of the United States Constitution mandates that the federal government conduct
a census every ten years to count all residents in the
United States and U. S. territories. The total population numbers counted by the census are important for
several reasons. First, they determine the apportionment of the 435 seats in the U.S. House of Representatives among the fifty states. Second, they help determine how political representation is divided up within
each state. After every census year, state legislatures
redraw their federal congressional districts and state
legislative districts based on the census results. Finally, the census counts help determine how the federal
government distributes approximately $1.5 trillion
annually in funding to local communities for schools,

roads, hospitals, and other public services (Mervis,
2020; United States Census Bureau, 2020). Anderson
(2019) explains that “the combination of the census
as mechanism to adjust power and resources each decade... made the census and the statistical system truly
central to the functioning of the society and state” (p.
229). For these reasons, it is essential that the 2020
Census count is accurate.
The counting process for modern censuses begins
with the U.S. Census Bureau working with state and
local governments to develop a “Master Address File”
of every known residence in the fifty states, Washington, D.C., and five U. S. territories (U. S. Government
Accountability Office [GAO], 2019). This process
is known as the Local Updates of Census Addresses
(LUCA). Once the LUCA process is completed, one
person from every residence is asked to complete the
census questionnaire. From 1960-2010, the Census
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Bureau utilized a self-response process where residents received and returned the census questionnaire
by mail (Congressional Digest, 2018). Federal census
workers known as “enumerators” were hired to do
follow-up contacts by telephone or in person with
residents who did not return their questionnaires. The
problem with relying on the follow-up telephone and
door-to-door enumerators to achieve accurate counts
for the census is that it is very expensive. For example,
the costs for Nonresponse Follow-up enumeration totaled more than $1 billion for the 2000 Census and
$1.5 billion for the 2010 Census (Compton & Bentley,
2012). In preparation for the 2020 Census, the U.S.
Census Bureau shifted the preferred self-response
method from mail to the internet. The goal was to
reduce the need for telephone and door-to-door follow up with nonrespondents by achieving higher
self-response rates across communities. For the 2020
Census, an estimated 500,000 staff were hired for the
follow-up phase of in-person counting. Edmondson
(2019) explains that, while this represents “the largest
mobilization of federal employees short of war,” it is a
25% decrease from 2010 numbers (para. 1).

Literature Review
Although the plan for counting all residents in the
United States and its territories seems straight-forward, past censuses have experienced problems with
unequal response rates. Researchers have determined
that the areas with low response rates are often poorer,
rural, and with a high minority population. Tian, et al.
(2020) performed a multiple variable regression analysis on 2010 Census response rates and concluded that
race, housing arrangements, and poverty were strong
predictors of communities’ response rates. They also
concluded that the response rates were impacted by
whether the communities were urban, suburban, or
rural. Gaston, et al. (2019) analyzed eight previous
studies and concluded that the changes planned for
the 2020 Census were not sufficient to reach “hardto-count groups (e.g., undocumented or recent immigrants, racial/ethnic minorities)” (p. 1081). Citro
(2019) reviewed the response rates for the past five
decennial censuses and concluded that there were
usually problems with constructing the Master Address File that raised concerns about “differential

undercount of minorities.” Byrum (2020) performed
a digital risk analysis on the shift to internet self-response and found that “hard-to-count” demographics
“align closely with the characteristics of digitally marginalized populations—those on the wrong side of the
‘digital divide’” (p. 897). As a result, Byrum concluded
that the shift to internet self-response would not help
residents of these hard-to-count demographics.
When there are variations in census response rates,
political representation and federal funding are likely
to end up being unequally distributed, creating feedback loops that benefit some communities and harm
others. Wealthier, whiter, and urban or suburban areas tend to have higher response rates than the state
average, which means that they are relatively overrepresented by the census (United State Census Bureau, 2012). This overrepresentation has the effect of
increasing the areas’ political representation and access to federal funds. The increase in representation
and funding then increases the wealth of the community, which is likely to improve the response rates for
the next census, and the cycle starts over. The reverse
is true for communities that are poorer, more rural,
and with higher minority populations. Their lower
response rates cause them to be underrepresented by
the census, reducing their political representation and
access to funds. This prevents them from receiving adequate resources to improve their wealth and causes
them to be more likely to be underrepresented in the
next census. Because of these feedback loops, Byrum
(2020) argues that “the stakes could hardly be higher
for the 2020 decennial census” (p. 884).

Implications for the Current
Study
Numerous studies have been conducted to determine the relationship between response rates in
past censuses and demographic characteristics, such
as wealth, race, and population density. The current
study expands on that research by focusing on self-response rates to the 2020 Census in the state of Georgia
to see if these same patterns occurred. As of this writing, county-level data for 2020 self-response rates are
finalized, but the final response rates that include telephone calls and door-to-door visits by census workers
have not been. This is not a problem for the analysis
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because the changes to the 2020 Census were intended to increase self-response rates and decrease the
need for follow-up enumeration. The self-response
rates can therefore be used to analyze the impacts of
these changes.
This study focuses on data for only one state, but
its results have national implications. At the time the
study was performed, Georgia was in the midst of a
highly-contested Presidential race and two U. S. Senate races. The Democratic candidates narrowly defeated the Republican incumbents in all three races,
but Georgia Republicans maintained their majorities
in the U. S. House and state legislative bodies. In such
a closely divided state, any undercounts in the final
2020 Census numbers are likely to impact redistricting efforts and possibly even determine Georgia’s national and statewide political representation between
the two parties. In addition, analyses of Georgia’s selfresponse rates to the 2020 Census provide important
information relevant to other closely-divided states
and communities in the United States.
The current study utilizes correlation analysis and
regression analysis to find the statistical relationships
between self-response rates and demographic characteristics of Georgia’s 159 counties and to determine whether
the relationships are statistically significant. These statistical analyses help answer the following questions:
• How do the 2020 self-response rates in Georgia’s
159 counties compare to the 2010 self-response
rates?
• How do demographics such as race, income, and
population correlate with and predict 2020 selfresponse rates, since these demographics have
been predictors of response rates in the past?
• How does broadband access in each county correlate with and predict 2020 self-response rates,
since the preferred method of self-response shifted to the internet?
• How do the variables of race, income, population,
and broadband access correlate with each other
and potentially worsen the impacts on the 2020
self-response rates for some counties in Georgia?
By statistically analyzing the relationships between
variables, this study helps identify what the main predictors of self-response rates for the 2020 Census were
and how they compare to historical trends. It also
gives insight into how residents across Georgia are
likely to be affected by the 2020 Census with respect

to political representation and federal funding of programs and services in their counties.

Methods
The data used in this study were all publicly available on government and industry websites. Countylevel data for the 2010 response rates and 2020 selfresponse rates were accessed on the state of Georgia’s
census website. In addition to the self-response rates,
county level demographic data such as wealth, race,
and population were gathered from federal and state
governmental databases. Only the data for broadband
access in Georgia’s counties came from an industry
website instead of a governmental source.
A requirement of both correlation analysis and
regression analysis is that all the variables have to be
numeric and linear. Two types of self-response rates
were gathered for 2020: Internet Self-Response Rates,
which indicate the percentage of residences that completed the census questionnaire by internet, and Total
Self-Response Rates, which indicate the total percentage of residences that completed the census questionnaire by either mail or the internet. To measure wealth,
data for Median Household Income by Georgia county was accessed from the United States Department
of Agriculture (USDA) Economic Research Service.
To measure racial characteristics, the percentage of
the county population that is White/Non-Hispanic
was accessed from 2016 Georgia Census estimates. To
measure population characteristics, 2019 population
estimates for each county were accessed from the state
of Georgia’s Census website. Finally, to measure internet availability, the percentage of each county that
has access to 25 Mbps of Broadband service was used.
This data was provided by the industry leader BroadbandNow website. The data gathered for each of these
variables represent the most up-to-date and accurate
estimates at the time of this report.
The statistical analyses for this study were performed in Google Sheets and IBM SPSS. The linear
data for each variable were first entered into Google
Sheets, and the relative changes from the 2010 Total
Self-Response Rates to the 2020 Total Self-Response
Rates for Georgia’s 159 counties were calculated.
Then, individual scatter plots that visually represent
the relationships between the two self-response vari-
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ables and the four demographic/broadband variables
were created. Scatter plots that represent how the four
demographic/broadband variables relate to each other
were also created.
The data for all the variables were then imported
into SPSS, and two types of statistical analyses were
conducted. The first was correlation analysis that
provided the Pearson correlation coefficients and significance levels. Pearson correlation coefficients range
from -1 to 1 and measure the strength of the positive
or negative correlation between two variables. The
significance levels measure the probability that the
correlation is only due to random chance. For this
project, significance levels were set at 0.05 or below to
conclude that the correlation is due to a real (non-random) relationship between the two variables. In total,
15 scatter plots and correlation analyses were created:
• A scatter plot and correlation between the 2010
Total Self-Response Rates and the 2020 Total
Self-Response Rates
• Scatter plots and correlations between the 2020
Internet Self-Response Rates and each of the four
demographic/broadband variables
• Scatter plots and correlations between the 2020
Total Self-Response Rates and each of the four

demographic/broadband variables
• Scatter plots and correlations among all four demographic/broadband variables
The second type of statistical analysis performed
was simple regression analysis that provided R2 values
for the relationships between the two self-response
rates and the demographic/broadband variables. R2
values range from 0 to 1 and measure the percentage
of the total variance in the dependent variable that is
accounted for or predicted by the independent variable. In total, 8 simple regression analyses were conducted:
• 2020 Internet Self-Response Rates as the dependent variable and each of the four demographic/
broadband variables as the independent variable
• 2020 Total Self-Response Rates as the dependent variable and each of the four demographic/
broadband variables as the independent variable
The statistical results were then compared to a map
of the Total Self-Response Rates for Georgia’s 159 counties from the Georgia Census 2020 website. This map,
which is presented in Figure 1, shows that many of the
counties with the highest Total Self-Response Rates are
clustered around the Atlanta metropolitan area. The
lowest Total Self-Response Rates can be seen in rural

Figure 1
2020 Census Total Self-Response Rates by Georgia Counties1

1 2020 Census SelfResponse Rates. (2020).
U. S. Census in Georgia.
Retrieved January 2, 2021.
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Figure 2.
Relative Changes in Total Self-Response Rate from 2010 to 2020 by Georgia County

counties along the Tennessee and North Carolina borders as well as in the southern part of the state.
Figure 1 provides a good visual image of the geographic variations in Total Self-Response Rates across
Georgia, but it does not explain why the variations
exist. The sections below provide results that better
explain why some Georgia counties were overrepresented in their self-response rates and others were
underrepresented.

Results
A primary goal of the changes to the 2020 Census
was to increase census self-response rates by increasing outreach to hard-to-count communities and making it easier for people to respond through the internet. In this project, a comparison of 2010 and 2020
Total Self-Response Rates was conducted to determine the effectiveness of these changes for the state
of Georgia. Figure 2 provides a histogram that charts
the relative changes in Total Self-Response Rates from
2010 to 2020 by county. The equation used to compute
this change is seen in (1).

((2020 Total SR Rate - 2010 Total SR Rate) / 2010
Total SR Rate)*100
(1)
The Figure 2 histogram shows that, while some
counties’ Total Self-Response Rates did go up in 2020,
the majority did not. Of the 159 counties in Georgia,
56 (35.2%) had a higher rate in 2020, 3 counties (1.9%)
had the same rate, and 100 counties (62.8%) had a
lower rate. In addition, many of the counties whose
Total Self-Response Rates went down in 2020 had decreases that were larger than the increases in the 56
counties that went up. For example, Rabun County, in
Northeast Georgia, had the highest relative increase
in the state (27.4%). Eleven more counties had relative increases of more than 10 percent over their 2010
rates. In contrast, however, 45 counties experienced
relative declines of more than 10 percent. The worst
decline was in Jenkins County in rural eastern Georgia (-46.4%).

2020 Correlation Results
After measuring the relative changes between 2010
and 2020 Total Self-Response Rates, this study estimated how the 2020 Internet Self-Response Rates and
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the 2020 Total Self-Response Rates
Figure 3
correlated with each other; with deScatter Plot of Internet Self-Response Rates and
mographic variables that have correMedian Household Income
lated with differential representation
in past censuses; and with broadband
access. The three tables below provide
results from the correlation analyses,
including the Pearson correlation coefficients and the significance levels.
Table 1 provides results for the correlation analysis between Internet
Self-Response Rates and Total SelfResponse Rates.
The Pearson correlation coefficient
of 0.89 indicates that the Internet SelfResponse Rates and the Total SelfResponse Rates for Georgia’s counties
were highly correlated and that researchers can be more than 99% confithe two self-response rates and the demographic/
dent that the correlation is not due to random chance. broadband variables.
This very high correlation confirms how important it
Each of these correlations is positive, and all of the
was for counties to achieve high self-response rates correlation coefficients have high significance levels.
through the internet in 2020. Counties that had low The correlations between the demographic and comInternet Self-Response Rates were at high risk that munity variables, with the exception of the variable
they would also have low Total Self-Response Rates. for White/Non-Hispanic, were higher for the Internet
Table 2 provides results for the correlations between Self-Response Rates than for the Total Self-Response
Table 1
Pearson Correlation Coefficients for Internet and Total Self-Response Rates

2020 Total Self-Response Rates
2020 Internet Self-Response Rates

0.89**

**Correlation is significant at the 0.01 level
Table 2
Pearson Correlation Coefficients for Self-Response Rates and Demographic/Broadband Variables

Internet Self-Response Rates

Total Self-Response Rates

Median Household Income

0.863**

0.773**

White Non-Hispanic

0.261**

0.326**

Broadband

0.566**

0.439**

Population

0.501**

0.386**

**Correlation is significant at the 0.01 level
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Figure 4
Scatter Plot of 2020 Internet Self-Response Rates and
White/Non-Hispanic Percentages

graphic and broadband variables
meet the 0.05 significance level. All
are positive, with the exception of
the correlation between the county
population and the percentage of
White/Non-Hispanic residents. The
strongest correlation is between
the Median Household Income
and Population (0.449), while the
weakest is the negative correlation
between White/Non-Hispanic and
Population (-0.174).

2020 Simple Regression Results

Rates. The strongest correlation calculated was the
one between Internet Self-Response Rates and Median Household Income (0.863). Figure 3 uses a scatter
plot to show this strong correlation.
Although still positive and significant, the correlation between the percentage of White/Non-Hispanic
residents in a county and the 2020 Internet Self-Response Rates is weaker (0.261). Figure 4 shows this
weaker correlation.
Table 3 provides correlation results among the demographic and broadband variables.
All of the correlation estimates between the demo-

Eight simple regression analyses
were conducted to find how strong
the independent variable was in
predicting self-response rates to
the 2020 Census in Georgia. For four of the analyses,
Internet Self-Response Rates was the dependent variable. For the other four, Total-Self Response Rates was
the dependent variable. Table 4 shows the results of
the regression analyses.
The highest R2 values were for Median Household
Income. For Internet Self-Response Rates, Median
Household Income had an R2 value of 0.745, indicating that 74.5% of the variation in Internet Self-Response Rates can be explained by the variation in
Median Household Income. For Total Self-Response
Rates, Median Household Income had an R2 value of

Table 3
Pearson Correlation Coefficients for Demographic and Broadband Variables

Median Household
Income

Median Household
Income

White / NonHispanic

Broadband

Population

1

0.370**

0.415**

0.449**

1

0.183*

-0.174*

1

0.305**

White / NonHispanic
Broadband
Population

1

*Correlation is significant at the 0.05 level
**Correlation is significant at the 0.01 level
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Table 4
R-squared Values for Simple Regression Analyses

Internet Self-Response
Rates

Total Self-Response Rates

Median Household Income

R2=0.745

R2=0.597

Broadband Access

R2=0.320

R2=0.192

Population

R2=0.251

R2=0.149

White/Non-Hispanic

R2=0.068

R2=0.107

0.597, indicating that 59.7% of the variation in Total
Self-Response Rates can be explained by the variation
in Median Household Income.

Analysis
One of the main goals of the Census Bureau for
the 2020 Census was to decrease the total cost of
administering the census by improving Total SelfResponse Rates (Blumerman, 2016). It was planned
that online self-responding would improve the Total
Self-Response Rates, which would mean less need for
door-to-door counting and, most importantly, more
accurate final counts. The statistical results from this
study show mixed outcomes for the success of the
2020 Census in increasing self-response rates. The
cumulative Total Self-Response Rate for Georgia did
increase by half a percentage point, from 62.4% in
2010 to 62.9% in 2020. However, by looking at the differences between the 2010 Total Self-Response Rates
and the 2020 Total Self-Response Rates, it is evident
that the 2020 changes benefited some counties, but a
majority of counties’ rates did not improve.
As Figure 1 in the Methods section showed, many
counties that had high Total Self-Response Rates are
clustered around Atlanta. Urban counties such as Fulton, DeKalb, and Clayton all saw increases in their
Total Self-Response Rates for 2020. Suburban counties such as Cobb, Gwinnett, and Fayette also saw increases in their rates. In contrast, many rural counties
failed to match their rates for 2010. The rural counties
of Jenkins, Calhoun, and Hancock suffered the largest
relative decreases in Total Self-Response Rates from
2010. This negative trend occurred in many other rural counties too. The Pearson correlation coefficients

between the counties’ Populations and Internet SelfResponse Rates (0.501) and the counties’ Populations
and Total Self-Response Rates (0.386) provide a numerical estimate of the disadvantage experienced by
rural, less populated counties in the 2020 Census. The
negative trend in response rates is even more disturbing for poor counties in Georgia.
The correlation analyses between Total Self-Response Rates and the demographic variables show that
a county’s Median Household Income had the strongest relationship with Total Self-Response rates. The
correlation coefficient of 0.773 is positive, linear, and
strong. The R2 value of 0.597 estimates that 59.7% of
the variation in Total Self-Response Rates is explained
by Median Household Income. The wealthiest counties in the state are congregated around the Atlanta
metropolitan area, which is where the highest self-response rates are found. The correlation between Total
Self-Response Rates and the percentage of the county
that is White/Non-Hispanic (0.326) is also positive
and significant. The R2 value of 0.107 estimates that
10.7% of the variation in Total Self-Response Rates
is explained by the variation in White/Non-Hispanic
percentages in the county, which indicates that racial
inequities continued to exist for the 2020 Census although they were not as strong as the inequities associated with poverty.
To better understand the complicated relationship between race and Total Self-Response Rates,
however, it is useful to compare Fayette County to
Fannin County. Fayette County, which is in the Atlanta metropolitan area, had the highest Total SelfResponse Rate in the state at 78.0%. According to the
population estimates provided by the U.S. Census in
Georgia, Fayette County is 69.37% White/Non-Hispanic. Although this is a higher percentage than the
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60.2% White/Non-Hispanic population for Georgia
as a whole, it is well below Fannin County, which is
96.95% White/Non-Hispanic and had a Total SelfResponse Rate of 39.3%. Therefore, Fannin County’s
White/Non-Hispanic percentage is 27.58% higher
than Fayette County’s, but its response rate is 38.7%
lower.
Another important finding from this study is revealed by the correlation analyses between the demographic variables. While it is clear that Median Household Income has the strongest correlation with Total
Self-Response Rates for the 2020 Census, the correlations between Median Household Income and Population (0.449) and White/Non-Hispanic percentage
(0.370) indicate that when these variables are com-

bined, the impact may be even higher. For example,
a rural county with low wealth and a high minority
percentage would be more likely to have a very low
Total Self-Response Rate. Hancock County, in rural
central Georgia, provides an example of this. Hancock
County had a population of 8,457 in 2019, while the
average population for Georgia counties was 66,776.
Its population percentage of White/Non-Hispanic
was 25.9%, while the average percentage for Georgia counties was 67.91%. And, its median household
income was $31,715, while the average for Georgia
counties was $50,209. The Total Self-Response Rate
in 2020 for Hancock County was 27.6%, which is approximately half of the average for Georgia counties
of 54.96%.

Figure 5
Broadband Access Across Georgia1

1 Georgia Department of Community Affairs (2020)
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These correlations unfortunately align with what
has happened in the past. However, one issue for the
2020 Census that the Census Bureau could not have
foreseen was the COVID-19 pandemic. With the
move to internet responding, counties had planned
to use public services such as government buildings
and public libraries to help get their citizens to selfrespond to the census (Krumsee, 2020). However,
the COVID-19 pandemic caused the closure of many
of these facilities and greatly decreased the ability to
gather in person. Because of this, good broadband
access in a county was likely to have an even greater
impact on a county’s self-response rates. Figure 5 from
the Georgia Department of Community Affairs website maps the quality of broadband access for Georgia’s
159 counties. Comparing Figure 5 to Figure 1 in the
Methods section shows the similar patterns between
high Total Self-Response Rates and available broadband of 25 Mbps or more in Georgia.
The strongest broadband availability is found
around the Atlanta metropolitan area, which is where
counties typically saw high self-response rates. The
correlation analyses between Broadband and Internet
Self-Response Rates (0.566) and Broadband and Total
Self-Response Rates (0.439) confirm the importance
of good broadband access. Counties that lack good
broadband coverage were less likely to benefit from
the shift to internet responding for the 2020 Census.
The results from the regression analyses are consistent with the results from the correlation analyses.
Median Household Income, percentage of White/
Non-Hispanic residents, and access to Broadband
were all positive predictors of Total Self-Response
Rates in the 2020 Census in Georgia. This indicates
that the U. S. Census Bureau’s outreach to vulnerable
communities and shift to the internet did not succeed
in overcoming the disadvantages faced by groups who
have historically been undercounted.

Conclusion
The most important change to the 2020 Census was
shifting the preferred self-response method from mail
to the internet. This change was intended to achieve
higher Total Self-Response rates, lower costs, and
decrease the unequal response rates between communities. Data analyses from this study demonstrate

that, although the 2020 Census did increase the Total
Self-Response Rate in Georgia by half a percentage
point (from 62.4% to 62.9%), it failed to overcome the
unequal self-response rates across Georgia’s 159 counties. The correlation and regression analyses confirm
that many of the historical patterns with underrepresentation from previous censuses continued in Georgia with the 2020 Census.
The Georgia counties that did well with self-response rates for the 2020 Census typically have demographic characteristics that aligned with high self-response rates in the past. The counties centered around
Atlanta with the highest median household incomes
and populations had the highest statewide self-response rates in 2020. This indicates that richer, urban
and suburban communities did disproportionately
well in this census, as they have in the past. In contrast, the Georgia counties that did worse with their
self-response rates have characteristics that aligned
with lower self-response rates in the past. These counties, centered in southwest and middle-eastern Georgia, are rural, far from Atlanta or other urban areas in
the state, and have a lower median household income.
It is important to note that racial demographics of a
county did have a significant correlation with selfresponse rates, but this correlation was not as strong
as income or population size. This suggests that poor
rural counties struggled with the 2020 Census regardless of their racial makeup.
Rather than improving the equity of the 2020
Census, the shift to internet self-response may have
worsened the historical patterns for some residents
because of unequal access to broadband internet services among the counties. As the correlation analyses
demonstrate, Georgia’s urban and suburban, wealthier counties had greater access to broadband internet
services, while the rural, poor communities had less
access to broadband. This access was important for
self-responding to the 2020 Census, especially because COVID-19 caused the closure of libraries and
other governmental offices that rural residents without high-speed internet might have used to complete
the census.
While this analysis provides important information
about self-response rates, it does not analyze the final
response rates after telephone and in-person enumeration was completed. County-level final response
rates have not been released by the U.S. Census Bu-
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reau at the time of this writing. Because of the planned
decrease in door-to-door counting, and the difficulties of in-person data gathering due to COVID-19, the
patterns in self-response rates are likely to be a good
indicator of problems with final response rates for
Georgia’s counties. The inequities in census response
rates run the risk of continuing or even worsening the
negative feedback loops for struggling counties. Their
lower Total Self-Response Rates indicate that they are
more likely to be underrepresented in the final census count, which will then impact the drawing of new
Congressional and state legislative districts, weakening their political representation in both the federal
and state government. Underrepresented counties are
also more likely to receive fewer resources from the
federal and state governments, decreasing their opportunities to grow economically. This loss of representation, resources, and wealth then runs the risk of
increasing the likelihood of these counties’ underrepresentation in the 2030 Census as well.
The results of this study confirm what many other
studies have concluded. There are no easy solutions
for eliminating inequities in the census counting process. The U. S. Census Bureau must therefore continue
to invest in outreach efforts with local communities
that have been undercounted in past censuses. In addition to this outreach, increasing broadband access
for all Georgians is essential. Overall, Georgia does
relatively well with broadband access, ranking twelfth
in the nation with 94.1% of all residents having “access
to a wired connection of 25 Mbps download speeds or
faster” (“Internet Access in Georgia,” 2021). As Figure 5 illustrates, however, large areas of rural Georgia,
totaling an estimated 484,000 residents, are currently
unserved by broadband. Fortunately, there are reasons
to be optimistic that improvements in broadband access are possible in the next ten years. Georgia’s Governor, Brian Kemp, recently announced that he would
“continue working with leaders across our state to increase broadband access and ensure a brighter future
for all Georgians – no matter their zip code” (Governor Brian P. Kemp, Office of the Governor, 2021).
Better broadband access will give residents in rural
counties more opportunities to fill out the next census
online, removing one obstacle to their being fully represented in the final census counts.
Another positive change in 2030 will, presumably,
be the absence of COVID-19, which placed many re-

strictions on the availability of in-person gatherings
across the state. Being able to gather in-person will
allow libraries and government centers to provide
help to Georgia residents who do not know how to
fill out the census questionnaire on their own or do
not have internet access in their homes. The increase
in broadband access to all counties, and the availability of help centers, represent important efforts to increase future self-response rates among hard-to-reach
communities. These steps, although not sufficient by
themselves, are important steps toward breaking historical patterns of inequity and making sure that all
Georgians are counted, regardless of their income,
geographic location, or race.
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Gambling Away Your Future:
SISA Traits as Indicators of Susceptibility to Problem
Gambling Amongst Adolescents
Henry Xie
According to the Ontario Student Drug Use and Health Survey, 6.9% of Canadian secondary
students met the criteria for low-to-moderate problem gambling in 2017, demonstrating a high
rate of adolescent problem gambling (Boak et al., 2018, p. 115). Furthermore, very few indicators of
problem gambling exist that do not require direct gambling behavior data, so developing a reliable
indirect assessment of problem gambling susceptibility may be extremely effective in addressing
teenage problem gambling (American Psychiatric Association, 2020; Dragicevic et al., 2011). Consequently, this matched comparison quasi-experimental study focused on determining methods of
early identification for adolescents who may be more susceptible to developing problem gambling
tendencies. The study was conducted with 52 students aged 14-18 and used a series of questionnaires and a probability-based game to determine the relationship between specific traits—namely
self-control, impulsivity, sensation-seeking, and affluence (SISA traits), and susceptibility to problem gambling amongst high school students in Ontario, Canada. The findings were indicative that
students with low self-control, high impulsivity, and high sensation-seeking (mean score of 3.65)
scored higher in terms of susceptibility to problem gambling compared to those with high selfcontrol, low impulsivity, and low sensation-seeking (mean score of 2.64), with a maximum score of
6 representing extremely high susceptibility to problem gambling. Although the affluence trait had
little influence on susceptibility to problem gambling, certain problematic spending habits were
found to be positively correlated to higher susceptibility to problem gambling. Thus, the study concluded that the SISA traits are accurate indicators of susceptibility to problem gambling amongst
Ontarian adolescents and may be applicable in problem gambling prevention, intervention, and
rehabilitation programs to increase effectiveness.
Keywords: Adolescent problem gambling, probability-based games, gambling prevention, indicators of susceptibility to problem gambling

1. Introduction
The proliferation of gambling across Canada has familiarized youth with probability-based games (Rose,
2010), resulting in increasing numbers of youth who
have tried physical and online gambling (Floros, 2018,
p. 44). Worse yet, most modern interventive and rehabilitative resources are ineffective with youth (Williams

et al., 2010, p. 111) because they are administered too
late, in part due to a lack of early identification methods
for problem gambling amongst youth (Jazaeri & Bin
Habil, 2012, p. 10; Romer, 2010, p. 282-284). As such,
adolescents today are at higher risk of developing gambling-related problems with far-reaching consequences
into adulthood (Zendle et al., 2019).
The goal of this quasi-experimental study was to
examine the relationship between specific traits—
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namely self-control, impulsivity, sensation-seeking,
and affluence (henceforth referred to as SISA traits),
and susceptibility to problem gambling amongst high
school students in Ontario, Canada, to determine the
extent to which SISA indicators can predict adolescents’ susceptibility to problem gambling. Through
evaluating and synthesizing data from existing literature, new methods of early identification for adolescent problem gambling may address the issue of
increasing gambling disorders across Canadian secondary school students by allowing for earlier intervention (Williams et al., 2010). Problem gambling is
defined as “a progressive disorder characterized by a
continuous or periodic loss of control over gambling;
a preoccupation with gambling and with obtaining
money with which to gamble; irrational thinking;
and a continuation of the behaviour despite adverse
consequences” (Jazaeri & Habil, 2012, p. 7). The SISA
traits have been correlated to increased gambling
tendencies, engagement in unhealthy risky activities,
and the development of problematic gambling behavior (Bergen et al., 2012; Estevez et al., 2015; Mishra
et al., 2010; Racz et al., 2010). To determine problem

gambling severity, Currie et al. (2012) argue that most
people can be categorized as either a non-risk, lowrisk, moderate-risk, or problematic gambler, based on
gambling frequency and behavior, harms experienced,
and whether they acknowledge their actions (p. 320).
This study sought to determine the extent to
which SISA trait indicators predict susceptibility to
problem gambling amongst adolescents in Ontario
to address the increasingly urgent problem of adolescent problem gambling. A 2016 study examining online and land-based gambling behavior amongst Canadian adolescents found that 41.6 % had gambled
and 9.4 % had gambled online in the past 3 months
(Elton-Marshall et al., 2016, p. 8). Similarly, according to the results of the 2017 Ontario Student Drug
Use and Health Survey, 31% of students reported
gambling in at least one activity in 2017 (Boak et al.,
2018, p. 9). The percentage of Canadian secondary
students who met the criteria for low-to-moderate
problem gambling in 2017 (6.9%) was significantly
higher than that in 2015 (3.6%), demonstrating an
increase in problem gambling amongst adolescents
(p.115).
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Given the alarming prevalence of adolescent gambling and the heightened risk of developing problematic gambling behavior, it is evident that urgent
measures must be taken to address this problem. The
results of this paper may provide new methods for
early identification of problem gambling based on
the SISA traits, allowing preventative actions to be
implemented earlier to increase their success rates.
Additionally, by targeting certain personality traits
in gambling prevention and rehabilitation programs,
they will be more effective, thereby reducing the prevalence of current and future adolescent problem gambling (Williams et al., 2010).

2. Literature Review
2.1 Current Theories on Adolescent Risktaking and Decision-making
Theories on adolescent risk-taking behavior generally argue that such behaviors stem from a lack of
development within the brain, primarily in the prefrontal cortex (PFC), although experts in the psychology field reason that other factors, such as preexisting forms of impulsivity and sensation-seeking
(Romer, 2010) are equally prominent. Sharma et al.
(2013) establish the PFC as one of the last regions of
the brain to mature (p. 453) (see Figure 1). By using
data from brain imaging studies, they verified that adolescent brain prefrontal cortices were used less than
their adult counterparts. Furthermore, they also note
that adolescents are highly vulnerable to engaging in
unhealthy risk-taking behavior due to an immature
PFC (p. 449). These findings are consistent with that
of Reyna & Farley (2006), who found that adolescents
behave more impulsively and react to immediate
temptations without thinking because brain maturation is incomplete in adolescence (p. 29).
In agreement, Romer (2010) argues that pre-existing forms of impulsivity and sensation-seeking are
another major source of risk-taking amongst adolescents, along with the ongoing development of the
brain (p. 265). Similarly, Tymula et al. (2012) found
that adolescent risk-taking is driven by tolerance to
ambiguity (p. 17139).

2.1.1 Adolescent Susceptibility to Addiction
Dayan et al. (2010) extend the research of Sharma
et al. (2013) by using functional neuroimaging data
to demonstrate that the reward and control regions
in the PFC are not fully developed—suggesting that
adolescents are also more vulnerable to addiction due
to low self-regulation and an illogical perception and
impaired evaluation of risk and reward (p. 281). Comparably, Floros (2018) notes that the adolescent amygdala is more sensitive to reward cues and less sensitive
to potential harm (p. 47), proposing that adolescents
are more susceptible to addiction when faced with the
possibility of reward. Other factors, such as dopamine
dysregulation also play a role in the vulnerability to addiction, as reward cues activate the dopamine system
to perpetuate maladaptive behavior (Wise & Robble,
2020, p. 80). As higher levels of dopamine release were
correlated with greater subjective excitement amongst
pathological and problem gamblers, this suggests that
gambling triggers the release of dopamine within the
brain, in turn causing a dependence to repeat these
types of activities (Clark et al., 2013, p. 17620). Moreover, the dopamine system is more active during adolescence (Ernst & Luciana, 2015, p. 427), indicating
that adolescents are at a higher risk of developing addictions due to their sensitive dopamine system. Ultimately, according to the quantitative data rooted in
neuroscience, adolescents are found to be predisposed
to engaging in risky behavior while being highly susceptible to addiction.

2.2 Negative Implications of Gambling in
Adolescence
Gambling is defined as betting money on an outcome of uncertain results with the hope of winning
more than you bet (Latvala et al. 2019, p. 1). Latvala
et al. (2019) assert that gambling has many adverse
effects, including financial, psychological, and emotional problems, as well as impaired social and cultural relationships (p. 2). McBride and Derevensky
(2012) have similar results in their quantitative study
involving 465 Canadian university students, stressing
that early gambling patterns may lay the foundation
for future problems in adulthood (p. 54). Additionally, wagering money on uncertain results provides a
gateway to problem gambling. In many video games,
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loot boxes, virtual containers that cost real money
and contain randomized contents of varying probabilities and values, may be purchased by players. As
loot boxes are often compared to slot machines for
having similar mechanics, Zendle et al. (2019) argue
that spending money to open loot boxes leads to older
adolescents becoming involved in gambling activities,
which may become disordered (p. 15).

2.3 Indicators of Risk-Propensity and
Susceptibility to Problem Gambling
There exist many probable factors contributing to
risk-propensity, however, a lack of empirical validation demonstrates the need for future research. According to the Diagnostic and Statistical Manual of
Mental Disorders (DSM-5), the most recent manual
used by healthcare professionals to assess and diagnose mental disorders, problem gambling can be diagnosed based on many symptoms. Although some
symptoms are detected by input from the individual,
most symptoms are exhibited in the individual’s gam-

bling behavior, including frequent bet variability,
high-risk high-reward mindset, gambling fallacies,
and chasing losses (American Psychiatric Association, 2020; Dragicevic et al., 2011). Moreover, Mishra
et al. (2010) note that sensation-seeking, impulsivity,
and low self-control have been associated with risky
behavior in many fields, including gambling (p. 616).
This finding corresponds with recent research that
suggests problem gamblers would have high impulsivity and sensation-seeking, as well as low self-control
(Bergen et al., 2012, p. 637; Estevez et al., 2015, p. 91).
This is because the inability to resist the urge to gamble is the foundational feature of problem gambling
(Blaszczynski & Nower, 2002, p. 488).
Additionally, sensation-seeking and impulsivity are
not only related to the occurrence and maintenance of
problem gambling, (Estevez et al., 2015, p. 91) but are
also correlated to increased gambling tendencies and
problem gambling severity (Hodgins & Holub, 2015, p.
706). Likewise, affluence has also been correlated to increased high-risk activity, as affluent youth were found
to be more likely to engage in unhealthy behavior such
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as underaged gambling (Racz et al., 2010, p. 120). However, research has not yet demonstrated that these traits
(low Self-control, high Impulsivity, high Sensationseeking, and high Affluence) increase susceptibility to
problem gambling. The acronym “SISA” (Self-control,
Impulsivity, Sensation-seeking, Affluence) was created
for this study to describe probable indicators of susceptibility to problem gambling based on current research
(see Table 1). These traits were selected because they
have been demonstrated to be correlated to problem
gambling severity and risk propensity, as well as being
easy to test for amongst adolescents.

2.4 Gap Analysis
Despite the abundance of modern research discerning the prevalence and danger gambling poses to
adolescents, effective and standardized interventive
and rehabilitative methods have yet to be employed.
Currently, SISA traits have yet to be analyzed in terms
of susceptibility to problem gambling and very few
indicators of problem gambling exist that do not require direct gambling behavior data (American Psychiatric Association, 2020; Dragicevic et al., 2011).
However, according to current research on problematic gambling, SISA traits are not only probable indicators of susceptibility to problem gambling (Mishra
et al., 2010; Bergen et al., 2012; Estevez et al., 2015)
but if empirically validated, can predict susceptibility to problem gambling without the need for direct
gambling data. This quasi-experimental study aims to
ascertain empirical data rooted in the SISA traits to
address the gap in current literature pertaining to the
early identification of adolescent problem gambling in
Ontario. Therefore, interventive measures can be implemented earlier and thus have greater success rates.

3. Methodology
Contemporary research indicates that interventive
and rehabilitative techniques have concerningly low
success rates unless implemented early on, and this
ineffectiveness contributes to the increase in adolescent problematic gambling (Jazaeri & Bin Habil, 2012,
p. 10; Romer, 2010, p. 282-284). Consequently, methods for earlier identification of individuals vulnerable to developing gambling-related problems must

be determined. To analyze the extent to which SISA
indicators predict susceptibility to problem gambling
amongst Ontario adolescents, results from a series of
personality trait and spending habits surveys were
compared to the gambling behavior and rationale of
participants.

3.1 Design and Approach
This study employed a matched comparison quasiexperimental design. A quasi-experimental design
provides a specific treatment to one group and withholds it from another to determine how both groups
score on an outcome (Creswell & Creswell, 2018, p.
12). A quantitative approach was used as this experiment sought to determine the effectiveness of SISA
indicators as early predictors of susceptibility to problem gambling, meaning that measurable data must be
obtained. A strong validation of this design is presented by Shadish et al. (2002) who demonstrate that random selection is so rarely feasible that constructing an
acceptable theory of generalization out of purposive
sampling is almost always what occurs (p. 498). Shadish et al. (2002) imply that no experiment can have
truly random assignment, thus the results determined
through a quasi-experiment are almost as internally
valid as true experiments.
Additionally, this research design is particularly
useful for comparing traits amongst individuals as the
researcher can identify a comparison group that is as
similar as possible to the intervention group (White
& Sabarwal, 2014, p. 1), allowing for the collection
of highly generalizable data. In this study, a matched
comparison group design was used to purposefully and
non-randomly assign participants to groups based on
their hypothesized susceptibility to problem gambling
using the pre-experimental survey data. A matched
comparison group design is defined as a group design
in which an intervention and comparison group are
created by the experimenter, rather than by random assignment (Thomas et al., p. 243). This group design is
especially useful in this context as it allows experimenters to estimate the impact of a new intervention method
(Hanita et al., 2017, p. 2). In this study, the intervention
group was hypothesized to have low susceptibility to
problem gambling, as this resembled individuals who
would have completed a successful gambling intervention program that targeted the SISA traits.
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A quasi-experimental design was chosen over
qualitative designs because this study pertained to the
relationship between certain traits and susceptibility
to problem gambling. It would have been very difficult to accurately measure and compare these traits
amongst the participants using a qualitative research
design because qualitative research explores a variety
of factors that may be influencing a situation rather
than identifying and investigating the relationship
between a few key variables (Hancock & Algozzine,
2017, p. 8). Through a quantitative design, several
instruments could be used to create a standardized
method of measuring these traits across individuals,
allowing for statistically significant conclusions to be
drawn from the findings as well as the collection of
valid and generalizable data.

3.2 Data Collection
3.2.1 Sampling, Recruitment, and Screening
A recruitment email was sent to 520 students aged
14 – 18 at an Ontario high school through a voluntary
sampling strategy. This is a non-probability sampling
strategy in which the sample is selected from the respondents who are willing and qualifying to participate (Murairwa, 2015, p. 186). Data gathered through
the voluntary sampling method is easily generalizable
since the final sample is selected based on specific criteria including representability (p. 199).
In total, fifty-two participants were selected, twenty-six individuals with low susceptibility and twentysix with high susceptibility. Fifty-two was the chosen
sample size because in order for data to be statistically
significant in this context, a sample size of 10% of the
population was required with 10% of 520 being 52
(Gupta et al., 2016). Participants completed a screening survey based on the Canadian Problem Gambling
Index, which has been verified to accurately identify
current problem gamblers (Currie et al., 2012) (see
Appendix A). This was to ensure no problem gamblers or other extremely vulnerable individuals took
part in the experiment.

3.2.2 Pre-Experimental Survey
Next, participants completed a 4-section questionnaire pertaining to the SISA traits (see Appendix B)
and were categorized into two groups, the twenty-six
individuals who scored the lowest SISA score were
placed in the low-susceptibility group, and the twenty-six who scored the highest SISA score were placed
in the high-susceptibility group1. SISA scores were determined by using the scoring guidelines provided by
he instruments used, with a maximum score of 1 per
trait, for a maximum total score of 4. Participants were
grouped to minimize the impact of potential outliers
and compare the gambling behavior of these groups
in a more comprehensive manner in the data analysis
section of this study. These measurements were based
on the categorization methods provided by the instruments seen in Table 2. This pre-experimental survey
was used to categorize participants as hypothetically
low or high susceptibility to problem gambling.

3.2.3 Probability-based Game and PostExperimental Survey
After completing the pre-experimental questionnaire, participants engaged in a probability-based
game on a computer that resembled a coin flip game
(see Appendix C). Participants had the option of betting on heads (1/2 probability, returns 1:1) or tails (1/2
probability, returns 1:1). The goal was to obtain the
largest balance within the 10 minutes allotted for play.
This amount of time corresponded with the hypothesized attention span of students, which encouraged
participants to bet as they would in real life and gave
them time to adjust to the environment (Bradbury,
2016). During this time, the five most recent coin flip
results were displayed to mimic similar probabilitybased games and check if participants succumbed to
certain gambling fallacies.
Then, participants completed a post-experimental

1 Low susceptibility: moderate-high self-control, moderate-low impulsivity, moderate-low sensation-seeking and moderate affluence
(hypothesized to have low susceptibility to problem gambling according to the SISA theory)
High susceptibility: low self-control, high impulsivity, high sensation-seeking and high affluence (hypothesized to have high susceptibility to problem gambling according to the SISA theory)
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survey pertaining to their actions during the game to
account for problem gambling symptoms listed in the
DSM-5 (see Appendix D). An adapted scoring system was used to measure participant susceptibility to
problem gambling. 3 sections from the DSM-5 as well
as the participant’s gambling intensity, trajectory, and
bet variability (three main factors that contribute to
the development of problem gambling (Dragicevic et
al., 2011)) were combined for a total maximum score

of 6. Using data from the probability-based game and
post-experimental survey, it was possible to contrast
the groups in terms of susceptibility to problem gambling.

3.3 Limitations
The first limitation of this study was the inability to
eliminate all confounding variables. Due to the lack
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of random assignment, it was virtually impossible to
account for all confounding variables meaning the
relationship between the independent and dependent
variable may have become distorted (Skelly et al.,
2012, p. 9). The implications of this limitation were
addressed through a rigorous screening process that
covered most confounding variables, as well as uniformity throughout the experiment. Additionally, it
was imperative that conditions be representative of
normal circumstances, meaning not all variables were
accounted for unless they were thought to be impactful on the results.
Another limitation of this study was the use of selfreported data. The screening tool, pre-experimental,
and post-experimental relied on self-reported data
which was inherently flawed as there was no method to verify these results. To address this limitation,
instruments that have been verified to be accurate
through self-reporting were used, such as the Family
Affluence Scale (Boyce et al., 2010).
Finally, as real money was not used in the probability-based game, participants may not have bet as
they would in real life. Nevertheless, there are inherent differences in gambling patterns amongst low-risk
gamblers and high-risk gamblers, meaning there were
adequate observable differences in gambling behavior
to differentiate individuals as low or high susceptibility to problem gambling. Additionally, this also mimicked the early exposure to probability-based games
that adolescents are used to.

3.4 Ethics Memorandum
Several measures were taken to ensure confidentiality. No names were recorded, and all data was kept
in a password-protected folder on an encrypted hard
drive and deleted once the experiment was completed.
Additionally, precautions were taken to ensure there
was minimal risk of developing gambling-related
problems. Participants were informed of the risks of
gambling and symptoms of problem gambling prior
to their participation. Afterward, a debrief on the dangers of gambling and gambling help resources was presented to the participants. Three months after participating, participants received an email inquiring about
the development of problematic gambling symptoms.
All participants completed a rigorous screening process to ensure no current problem gamblers or those
with extreme vulnerability to gambling engaged in
this experiment. This research was approved by the
institution’s Internal Ethics Review Board.

4. Findings
The experiment was conducted with 52 students
between ages 14-18 at an independent2 high school

2 An independent school is independent in its finances and governance. They are not administered by local, state or national
governments.
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in Ontario, Canada. The results from the pre-experimental survey were used to measure SISA traits.
The results from the probability-based game and the
post-experimental survey were used to measure susceptibility to problem gambling. For each group, SISA
traits, susceptibility to problem gambling, and their
respective subcategories’ scores were translated into
means and standard deviations to investigate the relationships between variables. A maximum of 1 point
was achievable for each SISA trait for a maximum of 4
points. A maximum of 1 point was achievable for each
non-direct problem gambling symptom used from the
DSM-5 for a maximum of 3 points. A maximum of
1 point was achievable for each direct problem gambling symptom for a maximum of 3 points. Direct and

non-direct problem gambling symptoms were combined for a maximum score of 6.

4.1 SISA Score Analysis
Data indicates that the most significant difference
between low-susceptibility and high-susceptibility
individuals was sensation-seeking. Self-control and
impulsivity scores were also significantly different
amongst the two groups (see Table 3). Although affluence did not appear to differ greatly, further examination of spending habits reveals that higher monthly
expenditures on entertainment, buying things without
consulting parents, and impulsive spending differed
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greatly amongst low- and high-susceptibility groups
(see Table 4). The influence of affluence on susceptibility to problem gambling will be further investigated
in the discussion section of this paper.

4.2 Analysis of Estimated Susceptibility to
Problem Gambling
Data from the post-experimental survey was used
to measure non-direct problem gambling symptoms.
Emotions, attitude, and belief in gambling fallacies
were mostly equally different between the two groups,
suggesting that individuals with higher SISA scores

were on average, more susceptible to problem gambling in all non-direct problem gambling symptoms
(see Table 5).
Data from the probability-based game was used
to measure direct problem gambling symptoms. Intensity of play, bet variability, and bet trajectory were
mostly equally different between the two groups, indicating that individuals with higher SISA scores were
on average, more susceptible to problem gambling in
terms of direct problem gambling symptoms (see Table 6). Compared to non-direct problem gambling severity, direct problem gambling severity differed more
greatly amongst the two groups, indicating that higher
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SISA scores are more strongly correlated to more severe direct problem gambling symptoms.
Non-direct and direct gambling symptom scores
were combined for a comprehensive estimated susceptibility to problem gambling score. Table 7 illustrates that those in the high-susceptibility group, who
had higher SISA scores, also had a higher estimated
susceptibility to problem gambling compared to those
with lower SISA scores in the low-susceptibility group.

5. Discussion and Implications
This section will relate the findings of this study
to the gap analysis to determine implications for
the community of practice. Data indicates a posi-

tive trend between SISA scores and susceptibility to
problem gambling, specifically, lower self-control,
higher impulsivity, and higher sensation-seeking were
strongly linked with higher susceptibility to problem
gambling. Affluence was found to have little influence
on susceptibility to problem gambling, however, more
problematic spending habits were correlated to higher
susceptibility to problem gambling. SISA trait correlations to susceptibility to problem gambling were
ranked based on the slope of the trendlines, with a
larger value signifying stronger correlation (see Figures 2, 3, 4, 5).
Among the four SISA traits, sensation-seeking
appeared to have the greatest difference between
low- and high-susceptibility individuals, making it
the strongest indicator of susceptibility to problem
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gambling. This is reasonable, as sensation-seeking is
related to the appearance and maintenance of problem gambling while also being correlated to increased
gambling tendencies and problem gambling severity
(Estevez et al., 2015, p. 91; Hodgins & Holub, 2015,
p. 706). As sensation-seeking was the SISA trait most
strongly correlated with high susceptibility to problem gambling (see Figure 2), it is integral to consider
this fact when applying the SISA traits as indicators
of susceptibility to problem gambling as well as determining potential implications for this data.
High impulsivity was also linked to higher susceptibility to problem gambling, which echoes the findings in contemporary literature. Hodgins & Holub
(2015) found that impulsivity was correlated to problem gambling severity, where impulsivity affected
gambling involvement and problematic gambling
(p. 708). Additionally, they also noted that impulsivity indicators in childhood were strongly correlated
with gambling disorders in adulthood, reinforcing
that impulsivity is a strong predictor of susceptibility
to problem gambling (p. 708). As high impulsivity is
strongly associated with high susceptibility to problem gambling (see Figure 3), it is integral to consider
this fact when applying the SISA traits as indicators
of susceptibility to problem gambling as well as determining potential implications for this data.
Low self-control was found to be almost as equally
linked to higher susceptibility to problem gambling
(see Figure 4) as evidenced by the data collected during the pre- and post-experimental surveys as well as
the probability-based game. This finding aligns with
contemporary literature, which suggests that low selfcontrol would be apparent in most problem gamblers,
given that self-control is the key trait that allows for
the ability to resist the urge to gamble. Accordingly,
problem gamblers have reported and behaviorally evidenced a lower degree of self-control than do lowerrisk gamblers (Bergen et al., 2012, p. 637). As low selfcontrol is strongly associated with high susceptibility
to problem gambling (see Figure 4), it is integral to
consider this fact when applying the SISA traits as indicators of susceptibility to problem gambling as well
as determining potential implications for this data.
Affluence, which was measured with the Family
Affluence Scale, was found to have no influence on
susceptibility to problem gambling (see Figure 5).
This may be in part due to the demographics of the

population, which was from an independent high
school in Ontario. As independent schools are not
publicly funded, tuition and additional costs apply,
which means students attending independent schools
are typically wealthier compared to the general population, resulting in participants scoring close to the
maximum score for this scale. This was discussed in
detail in the limitations section. However, as higher
monthly expenditures on entertainment (see Figure
6), buying things without consulting parents, and impulsive buying were indicative of higher susceptibility to problem gambling (see Figure 7), this suggests
that spending habits, which are related to affluence, do
influence susceptibility to problem gambling. This is
in accordance with contemporary research, which indicates more problematic spending habits, including
impulsive buying, are associated with greater risk-taking behaviors such as problem gambling (Worthy et
al., 2010, p. 168). Although affluence was not found to
be an indicator of susceptibility to problem gambling,
specific spending habits were strongly associated with
higher susceptibility to problem gambling, signifying
the need for further research. To conclude, the SISA
traits were found to be accurate indicators of susceptibility to problem gambling amongst adolescents.
An interesting trend that was present in the data
was the fact that the low-susceptibility group maintained a similar average score for both direct and nondirect problem gambling symptoms, however, the
high-susceptibility group had a much higher average
direct score compared to non-direct. An explanation
for this trend is that there is more influence from selfserving bias, the tendency to perceive oneself in an
overly favorable manner, during a survey rather than
during a game. As such, the data from the probabilitybased game is more accurate as the results are not as
heavily impacted by biases.
These findings indicate that the SISA traits may be
accurate indicators of susceptibility to problem gambling. This is in accordance with the literature review
as these traits have been associated with increased
problem gambling severity and/or adolescent unhealthy risk-taking behavior. Therefore, according to
the results, SISA traits, specifically sensation-seeking,
can be considered accurate indicators of susceptibility to problem gambling amongst Ontarian adolescents. Low-self control and high impulsivity are also
two strong indicators. The results suggest that the af-
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fluence section of SISA must be adjusted to measure
problematic spending habits along with affluence in
order to be a better indicator of susceptibility to problem gambling. Ultimately, a major implication of these
findings is that SISA traits may be used to accurately
identify individuals more susceptible to developing
problem gambling tendencies.

6. Limitations
Despite valid findings identifying the accuracy of
the SISA traits in identifying susceptibility to problem gambling, several limitations must be addressed.
Although the sample of this study was representative
of the general population in terms of factors that may
influence susceptibility to problem gambling (gender,
age, etc.), it was not as representative of socioeconomic background. Given that this experiment was
conducted at an independent high school in Ontario,
the results may not be reproduceable in a different environment. As such, the findings of this experiment
can only be effectively used to predict susceptibility
to problem gambling amongst Ontarian adolescents
of similar socioeconomic backgrounds as the participants in this study. Additionally, further research
is required to validate affluence and spending habits
as an indicator of susceptibility to problem gambling
amongst adolescents.
7. Conclusion and Future Possibilities
For Ontario high school students (ages 14-18), the
SISA traits were positively associated with increased
susceptibility to problem gambling, in that higher
SISA scores resulted in a higher estimated susceptibility to problem gambling. However, the affluence
trait must be adjusted to also account for problematic
spending habits in order to be an accurate indicator
of susceptibility to problem gambling. The affluence
trait is vital to the accuracy of SISA in determining
susceptibility to problem gambling as it accounts for
the potential harm that may be sustained from problematic gambling tendencies. These results have many
implications.
According to current literature, teaching more
adaptive methods to satisfy risk-seeking behavior
would decrease the number of adolescents who develop problem gambling tendencies (McBride &
Derevensky, 2012, p. 56). Similar programs have had

some success, such as a program known as “Stacked
Deck”, which sought to educate youth on the risk factors and signs of problem gambling, indicating that
if done correctly, school-based gambling prevention
programs can be effective (Williams et al., 2010).
These types of programs can be improved upon by
targeting the SISA traits, which have been validated
by this study to be significant risk factors for problem
gambling. Additionally, by institutionalizing the SISA
traits within the guidance departments at schools, intervening on gambling activities amongst youth will
be much more successful. To aid in this intervention,
vulnerable individuals may be identified by testing for
the SISA traits, allowing for the earlier identification
of potential problem gamblers and thus limiting any
long-term damages. Future research on adolescent
problem gambling may include exploring how affluence and spending habits are connected to problem
gambling to identify another probable predictor of
susceptibility. Longitudinal studies may also further
validate the hypothesis and gain a more nuanced understanding of this issue over time.
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MACHINE LEARNING FOR THE CONSTRUCTION OF A SILENT SPEECH INTERFACE

The Classification of EMG Signals Using Machine Learning
for the Construction of a Silent Speech Interface
Varun Chandrashekhar
With 7.5 million people unable to speak due to various physical and mental conditions, patients are
forced to use cumbersome/inefficient devices such as eye/cheek trackers. In this study, a speech aid
known as a Silent-Speech-Interface (SSI) was created. This device could be used by patients with
speech disorders to communicate letters in the English-alphabet voicelessly, merely by articulating words or sentences in the mouth without producing any sounds. The SSI records EMG signals
from the speech system which are then classified into speech in real-time using a trained Machine
Learning model. It was found that the Support Vector Machine algorithm yielded the highest SSI
accuracy of 90.1% The device created measures biomedical signals and translates them into speech
accurately using a Machine Learning algorithm. This study’s findings could improve the accuracy
of future SSIs by identifying the most accurate algorithms for use in an SSI.
Keywords: silent speech interface, EMG, machine learning, convolutional neural network, pattern
recognition, speech aid

Introduction
Multiple Sclerosis (MS) is a progressive neurodegenerative disease characterized by lesions in the
nervous system that affects nearly 2.3 million people
worldwide. As the disease progresses, MS creates
communication problems between the brain and
body. Two major impairments that come with MS are
speech disorders known as dysphonia and dysarthria.
These speech disorders are common, affecting about
50% of MS patients (Brown, 2000). Dysphonia affects
speech muscles, which can lead to patients being inaudible (Beukelman and Garrett, 1988). Other diseases such as Motor Neuron Diseases (MNDs) cause

patients’ speech to become unclear, taking away a patients’ ability to speak. MND patients are forced to use
eye/cheek tracking speech aids which make the user
perform specific muscle movements to select letters/
words the user wants to communicate. These trivial/
cumbersome devices prove to be an extremely slow
and fatiguing solution for communication. In this
study, these systems which use eye/cheek tracking to
develop a Speech Interface will be referred to as Conventional Speech Interfaces (CSI). Although CSI technology allows patients to communicate, it is far from
optimal due to the slow rate of communication and
high inaccuracy (Kapur et al, 2019). Newer speech
aids use technology that doesn’t involve traditional
eye/cheek tracking.
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I. Silent Speech Interfaces and the
Electromyograph (EMG) Signal
Silent speech refers to the act of minimally or internally articulating words without producing sounds
(Kapur et al, 2019). Producing silent speech is less fatiguing than regular speech or using CSIs. Although
silent speech is inaudible, it produces signals that can
be recorded and classified into words using Machine
Learning. These signals are ElectroMyoGraph (EMG)
signals which are created by subtle muscle contractions. During silent speech, speech muscles (cheek,
lips, etc.) contract, producing EMG signals in certain
patterns. When the same words are spoken, the same
muscle contractions occur to produce specific EMG
signal patterns. Thus, if the EMG signals can be recorded, it is possible to translate the signal patterns
to determine the speech that was silently spoken. This
allows for the development of a new type of speech
interface known as Silent Speech Interfaces (SSI).
SSIs are a more effective speech aid compared to
CSIs. However, an SSI’s accuracy is highly dependent
on the computer algorithms that are used to translate
the EMG signals into speech (Kapur et al, 2019).
The most common method to record EMG signals involves placing electrodes on the skin to detect
muscle contractions (Kapur et al. 2019). EMG signals
recorded in this manner are also known as surface
electromyograph (sEMG) signals as they are recorded
from the skin’s surface. EMG signals are recorded in
this manner due to its non-invasive nature and easy
implementation (Kapur et al, 2019).

II. Artificial Intelligence for
Construction of Automated Silent
Speech Interface
SSIs make use of Machine Learning to identify sEMG/
EMG patterns to translate silent speech into language
(Denby et al, 2010). Machine Learning (ML) is a subset
of Artificial Intelligence (AI) and is defined as “the field
of study that gives computers the ability to learn without being explicitly programmed” as said by Dr. Arthur
Samuel (1959), who originally coined the term.
ML is a broad field and can be subdivided into 2
main categories: supervised learning and unsuper-

vised learning. The construction of an SSI requires supervised learning, that is, the developer knows what
the correct output should be, in which an algorithm is
used to approximate the behavior of a function which
maps data into one of several classes (Ayodele, 2010).
Using supervised learning, it is possible to “teach” and
develop an ML algorithm that can translate EMG signals into the letters/words that were silently spoken.
In this study, sEMG signals will be translated into
one of the five vowels. Thus ML classification algorithms were used to classify sEMG signals into the letters/words that were silently spoken.
In the case of EMG signal classification, only a few
supervised ML algorithms could be used for the construction of an SSI, because only a select set of ML
algorithms are capable of analyzing and processing
signals (series of numbers). This narrowed the ML
models that could be used and set the scope of this
study. Access to ML Development Software has allowed several researchers to classify EMG signals.
This facilitated the past development of SSIs.

III. Previous Findings
EMGs are typically recorded through an electromyograph. These high-end machines are large/expensive and thus an inconvenient solution to monitor EMG signals for the development of an SSI. A
reliable alternative to the electromyograph is the
Myoware - a muscle/EMG sensor developed by Advancer Technologies - shown in Figure 1 (Char et al.,
2018). A study conducted by Kareem et al. (2017)
used the Myoware along with an Arduino microcontroller to record EMG signals. By comparing the
sEMG signals recorded by the Myoware sensor to
those recorded by the Electromyograph, they found
that the Myoware can be used in ML applications due
to its high accuracy. Furthermore, it was determined
that sEMG signals recorded from the Myoware and
the electromyograph have the same patterns (Figure
2). Therefore Kareem et al. identified that classification of sEMG signals is possible using the Myoware
due to its high accuracy. This study was important as
it justified the use of a Myoware sensor (used in this
study) as an alternative to the electromyograph used
in other studies.

267

MACHINE LEARNING FOR THE CONSTRUCTION OF A SILENT SPEECH INTERFACE

Figure 1: MyoWare Muscle Sensor
This figure shows the Myoware muscle sensor which
was used to record EMG signals (Advancer Technologies, n.d.)

Figure 2: EMG Data Similarity
This figure shows that EMG signals collected from
the Myoware and electromyograph are nearly identical
(Char et al., 2018)

Non-Invasive Silent Speech Recognition in Multiple
Sclerosis with Dysphonia,” by Kapur et al. (2019) is one
of the most advanced research on the implementation
of an SSI. The constructed SSI recorded EMG signals
from a multitude of locations from the face/throat as
shown in Figure 3. These signals were used to train,
validate, and test the Convolutional Neural Network
(CNN) - An ML algorithm which identifies image
features to classify images (explained in detail below)
- that was used to build the SSI. Although the use of

the model was never justified, the CNN model yielded
high accuracy of 79%. The SSI developed improved
the speed/accuracy of communication compared to
CSIs (Kapur et al, 2019). This study was crucial in laying the foundation for the methodology in this study
as it was the only study that identified steps to create
an SSI.
Another study by Schultz and Wand (2010) developed an SSI using the EMG-PIT corpus, a database
of EMG recordings from the speech system. Using a
Gaussian Mixture Model (GMM) - An ML classification algorithm that fits numerous gaussian distributions to data points - the developed SSI managed to
achieve a low error rate of 10%. Similar to Kapur et
al., Schultz and Wand lacks justification for the ML
algorithm used. This lack of justification could suggest that other ML algorithms would perform better
at classifying sEMG signals in an SSI.

Figure 3: Picture of Electrode Locations
This figure shows electrode placements used in
Kapur’s study (Kapur et al., 2019)

IV. Introduction to the Research Gap
A paper by Karlik (2014) was fundamental to understanding the gap in the field of knowledge. Karlik’s
study compared several ML algorithms to classify
EMG signals for use in arm prostheses. Various ML
algorithms - Fuzzy Systems, Probabilistic, and Swarm
intelligence - were all used to classify EMG signals.
After applying ML to the EMG data, classification accuracies were compared to other studies conducted.
Karlik used a CNN model to achieve a 98% classification accuracy, and found that CNN algorithms are
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the most accurate type of ML algorithm for classifying
EMG data for arm prosthesis.
Despite previous research involving EMG signals
and SSIs, no study has identified the most effective ML
algorithm to classify sEMG signals for use in an SSI.
sEMG signals collected from the speech muscles have
different/subtle patterns due to the weak signals produced and the variations in regular speech. Because of
this distinction between EMG signals produced from
the speech system and the human arm, there still is a
lack of understanding of the optimal ML model to use
for sEMG translation/classification in an SSI.
Furthermore, other researchers who have developed SSIs, as noted, don’t compare various ML models
or provide justification as to why a certain ML model
was used. This further establishes the gap in research
that the optimal ML model for use in an SSI hasn’t
been identified.

V. Types of Algorithms
Throughout the literature on EMG classification,
various ML algorithms have been used (Char et al.,
2018). Kapur et al (2018) developed a Convolutional
Neural Network to classify EMG signals whereas in
Schultz and Wand (2010), a form of Pattern Recognition was used. In the field of electroencephalography
(EEG) signal classification, CNNs and pattern recognition algorithms have also been effectively used to

classify these biomedical signals (Zia ur Rehman et
al., 2018). Due to the common use of these ML Algorithms to classify biomedical signals, these algorithms
were explored in this study.

A. Convolutional Neural Network
The Convolutional Neural Network (CNN) gained
popularity as it was an effective method to recognize
objects in images. As this method gained traction in
the ML field, it has been optimized by numerous researchers allowing for the development of effective
CNNs to classify images (Alaskar, 2018).
As shown in Figure 4, CNNs function by processing an input image with a series of filters known as
the feature learning layers (MathWorks, n.d.) which
allow the ML model to identify specific “features” of
images. Once the algorithm identifies image features,
the classification layers match the input images with
correct output, in this case being predicted speech
(letters/words).
When developing a CNN it is possible to reuse
CNN models built by previous researchers and repurpose them for the applications of a new study. This
process of repurposing previously developed CNNs is
known as transfer learning and involves keeping the
same feature learning layers of an existing CNN and
replacing just the classification layers for a specific
application (Bonaccorso, 2017). Computer scientists
have developed numerous CNN algorithms such as

Figure 4: Convolutional Neural Network
This figure shows the different layers of CNN and highlights the Feature Learning and Classification layers
(Alaskar, 2018)
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AlexNet (Krizhevsky et al., 2017) and VGGNet-16
(Muhammad et al., 2018) for various applications.
However, studies show that GoogleNet (Tang et al.,
2017) is the most accurate CNN for image recognition
(Mohanty et al., 2016). Thus GoogleNet was chosen to
be implemented in this study.

B. Pattern Recognition
Figure 5: Pattern Recognition Algorithms
This figure shows the division of classes (red/blue
points) using pattern recognition (Bonaccorso, 2017)

Pattern recognition (PR) is the standardfor biomedical signal classification (Bishop and Nasrabadi,
2007) and was thus deployed in this study which aims
to compare PR against the CNN (Research Goals: Section VI. Research Goals & Research Gap). PR is known
for its simple construction and deployment. PR algorithms attempt to develop a division between multiple
classes which are represented in red/blue in Figure 5.
PR algorithms can determine which class is associated
with an EMG signal by plotting a point based on the
given inputs and identifying the point’s location relative to the division. There are multiple ways to create
a division using PR. In the scope of this study, 7 PR
Algorithms were developed/deployed as only 7 PR
models could classify EMG signals. These PR Algorithms were used to classify sEMG signals into speech.

VI. Research Goals & Research Gap
SSIs are superior to other vocal aids as shown by
Kapur et al (2019) who found that SSIs enable accurate communication. Although this SSI was accurate
at EMG to speech translation, no reasoning was provided to justify the use of a CNN. Similarly, Schultz
and Wand (2010), also produced an accurate model,
but did not justify the use of GM Models for the classification of sEMG signals.
Only Karlik (2014) generated/compared algorithms to determine the most accurate ML algorithm
for EMG classification in arm prosthesis. This study identifies the CNN as
the most accurate to classify EMG signals for arm prosthesis; however, EMG
signals recorded from speech muscles
will have different structures/patterns
(Eremenko et al., n.d.). Therefore Karlik’s study cannot truly identify the
most accurate ML algorithm to classify
EMG signals into speech. Thus there is
no conclusive study to identify the best
ML algorithm to classify sEMG signals
into speech. This study aimed to identify the most accurate ML algorithm
for use in an SSI.
This study attempts to accomplish
this by comparing two different types
of Machine Learning Classification Algorithms (Convolutional Neural Networks and Pattern Recognition) to identify the most
accurate algorithm for use in an SSI. Therefore, this
project aims to construct two types of ML algorithms
in order to gain insight into the question:
“Which type of Machine Learning Algorithm
(Convolutional Neural Networks or Pattern Recognition) is most accurate at classifying surface ElectroMyoGraph (sEMG) signals from the submental triangle (area under the chin) to develop a Silent Speech
Interface?” This study would help further improve the
ability of SSIs to translate sEMG signals into speech,
allowing for more accurate communication.
Engineering Goal: To Develop a Speech Interface
using a Muscle Sensor that can both collect and classify sEMG signals from the submental triangle with
greater than 80% accuracy.
The engineering goal of achieving an 80% accuracy
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was developed as other studies on SSIs also strived to
acquire an 80% accuracy. The engineering goal also
involved creating an SSI using a low-cost muscle sensor (Myoware) as previous studies only used electromyographs (Karlik, 2014).

Methodology
To achieve the research/engineering goal an SSI
that translates sEMG signals into speech using ML
needed to be developed. Additionally, to develop the
ML algorithms, an EMG dataset to train/test the ML
algorithms had to be created. This dataset was created
with a total of 1020 EMG recordings - 170 for each
of the 5 vowels and another 170 to establish a baseline of not speaking at all. This dataset was developed
through the use of a developed Arduino-based EMG
recorder. Once the EMG recorder is connected to a
laptop running the ML models for EMG classification,
the device will function as an SSI which can both record and translate sEMG signals generated from silent
speech. To translate EMG recordings to speech, multiple ML algorithms were constructed.
To compare these various methods of ML, a true
quantitative experimental method was developed to
evaluate the performance of different types of ML
algorithms. Additionally, an engineering method
was developed to evaluate the SSI created. This true
quantitative experimental and engineering method
involved using the classification accuracies and F1
scores. Classification accuracy is a measure of how often the model is correct whereas F1 scores provide a
more holistic view of the model taking both accuracy
and precision into account (Eremenko et al., n.d.). An
F1 score is the harmonic mean between the precision
and recall of an ML algorithm and is commonly used
to compare classification algorithms. These two parameters (classification accuracy and F1 score) were
used to answer the research question and determine if
the engineering goal was met.
To identify the most accurate model through the
true quantitative experimental method, the tested
models’ F1 scores were compared just as in Karlik
(2014). F1 scores range from 0 to 1, and high scores
indicate that a model is both accurate and precise
(Eremenko et al., n.d.). The model with the highest
score was identified as the best performing ML algo-

rithm, answering the research question.
To determine if the created SSI met the engineering goal (80% accuracy), only the accuracy of the ML
model with the highest F1 score was considered. This
is because the SSI will use the best performing model
(model with highest F1 score - identified in experimental method) to translate EMG signals. Thus the
accuracy of the SSI is equal to the accuracy of the algorithm used in the SSI.
This method of comparing F1 scores is a common
way of evaluating ML algorithms. This study’s results
are valid as the use of standard algorithm evaluation
parameters creates a standard method of comparison
between tested algorithms. By using this method of
analysis, it is possible to accurately identify which ML
algorithm is best suited to translate EMG signals and
if the SSI met the engineering goal (80% accuracy).
To evaluate models, the SSI had to be created. Creating an SSI involved the following procedures based
on Kapur et al(2019):
1. Arduino-Based EMG Recorder Development Creating a device to record EMG/sEMG signals
2. Database Preparation - Creating a dataset for
Machine Learning using the created EMG recorder
3. PR Methods - Developing PR Algorithms to
classify signals
4. CNN Methods - Developing a CNN to classify
signals
5. EMG-based Silent Speech Interface Methods Create an SSI
The above procedures are discussed in further detail below.

I. Arduino-Based EMG Recorder
Development
The first step in the development of the EMG recorder was wiring components together. The EMG
recorder would make use of a microcontroller (Arduino) that takes EMG recordings from a sensor and
saves data to an SD card. The recorder has buttons to
start recording EMG signals.
The Arduino - a small computer that can receive
inputs from many sensors (Arduino, n.d.) - served to
record EMG signals using the Myoware sensor. The
Arduino Mega (Figure 6), was used due to its high
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sampling rate (Hartman, n.d.) which is crucial for ML
applications as detailed EMG data can be collected
(Eremenko et al., n.d.).

connected as shown in the schematic (Figure 7) and
diagram (Figure 8) below. To ensure functionality,
the device was connected this way according to data
sheets provided by the Arduino company (n.d.).

Figure 6: Arduino Mega Diagram
This figure shows a diagram of the Arduino Mega
that was used to create the EMG recorder (Arduino,
n.d.)

Figure 9: Image of Developed EMG Recorder
This figure shows an image of the created EMG
recorder with the red Myoware sensor to the right and
the blue Arduino Mega at the top.

For the Arduino to record EMG signals, the Myoware muscle sensor (Figure 1) was used to detect
EMG signals. As discussed previously, the MyoWare
is the best commercially available muscle sensor and
has been used in other studies due to its reliability/accuracy (Hartman, n.d.). Although Kapur et al (2019)
doesn’t use the Myoware, Kareem et al (2017) justifies
the use of this sensor as it produces accurate results.
The Arduino Mega, Myoware, and button were all

An image of the fully constructed EMG recorder
is shown in Figure 9. This EMG recorder was programmed using Java to perform various tasks. The
device has 3 tasks (discussed in further detail below):
1. Wait for the button to be pressed
2. Take user input on what letter is being silently
spoken
3. Record and Save EMG values as quickly as possible

Figure 7: Schematic of EMG Recorder
This figure shows the EMG recorder schematic
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Figure 8: Diagram of EMG recorder
This figure shows the EMG recorder wiring diagram
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When the user was silently speaking, the button
was pressed causing the device to start recording
EMG signals from the silent speech. Tasks 1 and 2
TABLE I
CHECKING STATE OF BUTTON
____________________________________
void Button() {
if (buttonState != !(digitalRead(buttonPin))) { // Button
has been pressed
buttonState = !buttonState; // Inverts signal
displayEMG(); //Update Display
}
}
___________________________________
TABLE II
RECORDING THE LETTER SPOKEN
____________________________________
void Potentiometer() {
potVal = analogRead(potPin); // Reads the “current” state
of the Potentiometer
if (abs(oldPotVal - potVal) >= 10) { // If Potentiometer
Value has changed
oldPotVal = potVal; // Updating Old Potentiometer Value
index = map(potVal, 0, 1024, 0, 5); // Mapping Values to
index value
Letter = letterList[index]; // Updating Letter Variable

(wait for the button to be pressed & take user input on
what letter is being silently spoken) involved taking in
user input. The code in Table I shows the commands
executed to determine if the button has been pressed,
whereas the code in Table II shows the commands executed to take in the input of what letter (A, E, I, O,
U) is silently spoken. The code for the button allows
the device to start recording EMG data only when the
user is ready to speak. This ensures that EMG data is
only recorded when silent speech is produced (Kapur
et al, 2019). The code to determine what letter is being silently spoken is important as the device needs to
associate each EMG recording with a specific letter.
To perform task 3 (record EMG data), the code
shown in Table III is executed. This code both records the EMG signals and creates a dataset at the
same time. The program does this simultaneously, as
it optimizes the program’s speed allowing many data
points to be collected in a few seconds. The code in
Table III is optimized to save 3000 comma-delimited
EMG values in approximately 1.5 seconds. The sampling rate of the EMG recorder was 2000 Hz and the
feature space was 3000 data points long. The duration
of EMG recording after the onset of recording was 1.5
seconds. The features that were inputted for training
the ML models were the set 3000 data points collected
through the EMG recorder.
After EMG data has been recorded, the data has to
be saved. This is done after recording data by using
the “Data.close();” function which saves previously
recorded EMG data on an SD card (Table IV).

displayEMG();

II. Database Preparation

}
}

A database needed to be created to train the ML
models. This data was created using the created EMG

TABLE III
RECORDING EMG DATA
________________________________________
void recordEMG() { // Recording EMG Optimized for speed
for (int i = 0; i <= 3000; i++) {
Data.print(String(analogRead(modEMGPin)) + “,”); // print Raw EMG values
}
}
________________________________________

273

MACHINE LEARNING FOR THE CONSTRUCTION OF A SILENT SPEECH INTERFACE
TABLE IV
SAVING DATA ON SD CARD
________________________________________
void loop() {
if (buttonState == 1) { // If button is pressed
Data = SD.open(Letter, FILE_WRITE); //Open SD card
for Writing
recordEMG(); // Void Loop for Recording EMG Signal
Data.print(“;”);
Data.close(); // Closing Data file
}
________________________________________

Figure 10: Electrode Placements and Generating
Data

were in a random order - generated by Excel sheets.
Electrode placements were justified by Kapur’s research where he identifies various areas on the throat
to collect EMG signals (Figure 3). The muscle/area
targeted in this study is marked with an orange dot
that is labeled “5” in Figure 3. Due to time constraints
only 1020 signals were collected in this study.

III. Pattern Recognition Methods
Once imported into the MATLAB programming
environment, the Classification Learner App - an ML
tool used for developing ML algorithms (MathWorks,
Classification Learner App n.d.) - was utilized to develop the Pattern Recognition Algorithms to classify
sEMG signals (Eremenko et al., n.d.). The MATLAB
Classification App allowed the easy implementation of
different PR Algorithms. Only 7 types of Classification
Algorithms - which are commonly used for Pattern
Recognition - were capable of translating EMG signals
and they were all implemented: Ensemble, K-Nearest
Neighbors (K-NN), Decision Tree Classification, Naive
Bayes (NB), Linear Discriminant, Quadratic Discriminant and the Support Vector Machine (SVM) Classifier.
The assumptions and ways these divisions are built
are different for each of the 7 implemented Pattern
Figure 11: Divisions for Pattern Recognition Algorithms
This figure provides a brief description of the way
each division is formed for the 7 implemented pattern
recognition algorithms

This figure shows electrode placements used when
collecting data. Electrodes are placed under the chin
(submental triangle), which was also done in Kapur’s
study
recorder device (Figure 9). Three electrodes were attached to the submental triangle, the area under the
chin (Figure 10). A total of 1020 EMG recordings
were taken, 170 for each of the 5 vowels and another
170 to establish a baseline of not speaking at all. The
letters silently spoken for each EMG recording trial
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TABLE V
IMPORTING SVM CLASSIFIER
________________________________________
classificationSVM = fitcecoc(...
predictors, ...
response, ...
‘ClassNames’, {‘A’; ‘E’; ‘I’; ‘O’; ‘U’; ‘classification’});

TABLE VII
GOOGLENET IMPORT
________________________________________
net = googlenet;

IV. Convolutional Neural Network
Methods

TABLE VI
IMPORTING KNN CLASSIFIER
________________________________________
classificationKNN = fitcknn(...
predictors, ...
response, ...
‘ClassNames’, {‘A’; ‘E’; ‘I’; ‘O’; ‘U’; ‘classification’});
________________________________________

recognition algorithms. The type of division/assumption made for each algorithm is shown on Figure 11.
The EMG data and the corresponding vowel/letter
were imported into the computer. Each algorithm was
trained/tested on the same dataset to ensure the validity of the results. Due to time constraints and limited
computing power, each algorithm was given only 10
iterations (opportunities) to learn from the data, ensuring that no ML model had an advantage over the
other tested algorithms. Additionally train-test splits
were used opposed to other traditional methods for
training involving K-fold cross validation. The traintest split was used as it was less computationally intensive (80% - train; 20% - test). After training each PR
model, each algorithm was tested on the previously
developed testing data to determine classification accuracy and F1 scores.

A method known as transfer learning was applied
to create a CNN suited to analyze images of EMG
signals. The algorithm was developed and run in
MATLAB, using GoogleNet as a basis to create and
structure the algorithm (MathWorks, Googlenet n.d.).
GoogleNet - an open-source CNN - has been used in
many research studies due to its high image recognition accuracy which surpasses other prebuilt CNN’s
used in other studies. The following function in Table
VII was used to import the prebuilt CNN into the
MATLAB workspace.
The GoogleNet algorithm was repurposed for this
study to classify EMG signals into letters. This process
of repurposing classification layers (Figure 12) from
an existing model is known as transfer learning and is
a common process used by many researchers. Transfer learning is beneficial as the CNN model developed
using GoogleNet will likely have higher accuracy than
other CNN algorithms (MathWorks, Classification
Learner App n.d.).
Because CNN’s require image inputs for classification/training, the signal which was originally a series
of numbers had to be converted into an image. In
this study, EMG data - in the form of numbers - was
converted into a spectrogram, a visual representa-

Figure 12: Transfer Learning Implementation
This figure shows the steps required to use transfer learning for an application (MathWorks, n.d.)
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V. Creation of
Silent Speech Interface

Figure 13: Spectrogram for the Vowel “A”
This figure shows the spectrogram for the vowel “A”
X-axis = time, Y-axis = frequency, green = higher
amplitude

An SSI is a speech aid that records silent speech and
uses an ML algorithm to translate the recorded EMG
signals (Figure 14). Therefore the developed SSI has
to be able to record EMG signals and then translate
those signals using ML. This was accomplished by
combining the previously built EMG recorder and a
computer running ML algorithms.
Additionally, because the SSI’s use the ML model
to translate EMG signals into speech, the translation
accuracy of the developed SSI is equal to the accuracy
of the best performing ML model. Therefore, as explained before, the engineering goal for this project
can be validated using the calculated accuracy of the
best-performing ML model.

TABLE VIII
CREATING A SPECTROGRAM
________________________________________
spectrogram(eval(signalName), [], [], [], ‘yaxis’);

Data Analysis & Results

tion of a signal. Spectrograms represent amplitude of
a signal over time at various frequencies present in a
particular waveform. Spectrograms were used in Kapur’s study when developing an SSI. A spectrogram
(Figure 13) for each of the 1020 EMG signals in the
dataset was built using the function shown in Table
VIII. This function came from the signal processing
toolbox available in MATLAB - a programming environment - and used a short-time Fourier transform
to create the Spectrogram. These spectrograms were
used to train/test the CNN.

As discussed in the methodology, the ML algorithms were tested using the same testing set. The
classification accuracy and F1 scores were calculated
for each tested model. F1 scores are commonly used
by data scientists to compare ML models and determine which model is holistically better (Wood, 2019).
F1 scores for a model are always calculated by taking
the harmonic mean of precision and recall of a model.
The precision and recall of a model is always calculated the same way regardless of the number of classes.
The code for calculating F1 scores is shown in Table
TABLE IX
CALCULATING F-SCORES
______________________________
% Note: Variables were declared individually for each
model
% The average of all calculated precision and recall values
were used. This allow
tp = 50; fp = 50; fn = 5;
precision = tp / (tp + fp); recall = tp / (tp + fn);
F1 = (2 * precision * recall) / (precision + recall);
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Figure 14: Silent Speech Interface Structure
This figure shows the general structure of an SSI that was used in this study as well as Kapur’s study (Kapur et al.,

IX. The classification accuracies and F1 scores for the
PR and CNN models are shown in Table X. The classification accuracies for these models were calculated

to gain further understanding on what model could
provide the most effective/accurate results although it
may mean the model did not train completely from

TABLE X
CLASSIFICATION ACCURACY AND F-SCORES

MODEL

CLASSIFICATION
ACCURACY

F1 SCORES

CONVOLUTIONAL NEURAL
NETWORK (CNN) - GOOGLENET

54.90%

0.60

SUPPORT VECTOR MACHINE
(SVM) - GAUSSIAN

80.10%

0.81

ENSEMBLE - BAGGED TREES

74.60%

0.73

K-NEAREST NEIGHBORS (KNN) WEIGHTED

66.70%

0.70

TREE - MEDIUM

59.80%

0.65

NAIVE BAYES - KERNEL

59.30%

0.65

QUADRATIC DISCRIMINANT

55.50%

0.54

49.50%

0.48

LINEAR DISCRIMINANT
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the data. No metrics on error or precision of results
were given by the MATLAB development software so
they were not explored in the scope of this study.
As seen in Table X, the SVM model achieved the
highest classification accuracy and F1 score. The accuracy values of the ML models tested ranged from
49.5% to 80.1% while the F1 scores ranged from 0.48
to 0.81. It can also be seen that the F1 scores closely
correlated with the classification accuracy for each
model and were often only ± 0.02 away from the classification accuracy.
Confusion Matrices are a common way to depict
the accuracies of ML models. The Confusion Matrices
are shown for the SVM model (Figure 15), which had
the highest F1-score/accuracy, and the CNN model
(Figure 16) which was the only non-PR algorithm

tested. The confusion matrices for both of these algorithms were compared as these algorithms were the
most accurate Models for the 2 types of ML models
explored in this study (CNN and PR).
In Confusion Matrices (Figures 15 & 16), the
rows denote what letter was silently spoken, whereas
the column shows which letter was predicted by the
trained ML algorithm. Therefore, all the correct predictions lie along the diagonal vector shaded in blue
whereas incorrect predictions are shaded in orange.
Through analysis of the Confusion Matrix, it can be
seen that both the SVM model (Figure 15) and CNN
model (Figure 16) classified the signals for “not speaking” denoted by “B” (Blank) on the axes, with a 100%
accuracy. The SVM model’s largest error was due to
misclassifying the EMG signals for letter “E” as the

Figure 15: Confusion Matrix of Support Vector MachineConfusion Matrix of the SVM model which has an
80.1% accuracy and F1 score of 0.81

SVM Model 7

TP%
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letter “A”. This accounted for 20.6% of incorrect predictions associated with the letter E. The CNN model’s
largest error was due to the misclassifying the EMG
signals for letter “A” as the letter “I”. This accounted
for 35.3% of incorrect predictions associated with the
letter “A”.
Both the SVM and CNN models performed poorly
when classifying the letters “A” and “I”. This misclassification trend also occurred in the other tested PR
models indicating that the EMG signals for “A” and
“I” are hard to decipher. The SVM model had accuracies of 64.7% and 56.8% for the letters “A” and “I”
respectively whereas the CNN model had accuracies
of 20.6% and 32.4% for the same letters. These accuracy values for individual letters were the lowest and
brought down the overall F1-score/accuracy.

Because these inaccurate predictions were produced by the ML models, the prediction accuracy can
improve if the ML models are given more data to train
(“learn”) from.

Discussion & Conclusion
I. Speech Impediments and Speech Aids
Speech Disorders are common among those with
Motor Neuron Diseases (MNDs). MND patients are
forced to use CSIs which are cumbersome and inaccurate speech aid systems. These systems make the user
perform fatiguing muscle movements to select letters

Figure 16: Confusion Matrix of Convolutional Neural Network (CNN)Confusion Matrix of the CNN which
has a 54.9% accuracy and F1 score of 0.60

CNN Model 1.6
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the user wants to communicate. These inefficient and
cumbersome devices prove to be an extremely slow
and fatiguing solution for communication.
These issues prompted the development of an SSI
which could be used by patients with speech disorders
to communicate letters in the English alphabet voicelessly, merely by articulating words or sentences in the
mouth without producing any sounds.
SSIs record EMG signals from speech muscles and
translate these signals into speech with the use of
ML. Existing research on SSIs makes use of high-end
equipment (electromyograph) and also fails to justify the ML algorithms used to perform the EMG to
speech translation. Furthermore, no study has identified the most accurate ML algorithm to use in an SSI.
These gaps in research prompted this study which
involved creating an accurate SSI and identifying the
most accurate ML algorithm for use in an SSI.

II. Research Goals
Overall, this research study attempts to build an
understanding to eliminate the existing gap in the
field of knowledge by comparing two different types
of ML Algorithms - CNNs and Pattern Recognition to identify the most accurate ML algorithm for use in
an SSI. Therefore, this project aims to construct two
types of algorithms in order to determine which ML
algorithm is most accurate for use in an SSI. An engineering goal was also developed, aiming to create an
SSI with an 80% accuracy using low-cost muscle sensors as opposed to commonly used electromyographs.

III. New Understanding & Conclusions
The classification accuracies and F-scores of the 8
tested models are listed in Table X. It was found that
the highest F1-score (0.81) was achieved using the
SVM model which is a type of PR algorithm. This
means that the SVM Pattern Recognition model is the
most accurate ML algorithm to use in an SSI for classifying EMG signals into speech, thus answering the
research question. This is the first study to have ever
identified the most accurate ML algorithm for classifying EMG signals in an SSI.
The classification accuracy for the SVM model, the
best performing model, is 80.1%. This classification
accuracy meets the engineering goal of 80% accuracy.

This means that the created SSI, which used a Myoware muscle sensor, met the engineering goal and is
the first study to have used a muscle sensor to implement an SSI rather than an electromyograph.

IV. Explanation of Findings & Other
Research
The SVM model likely outperformed the CNN
model as it is a simpler model and can train on data
quickly. On the other hand, the CNN, dealing with
image inputs, trains slowly requiring more computing
power. Because the number of iterations each model
could train for was limited, the CNN wasn’t able to
fully train in the given amount of iterations. This likely
resulted in the SVM algorithm yielding a better performance. Additionally the CNN may have performed
better if the input images were not distorted. When
images were input into the CNN algorithm, a standard process of making slight modifications to the
image was applied (shifting the image / zooming into
the image). Although these image modifications are
used to prevent overlearning, they may have affected
the ability of CNN to effectively/accurately classify the
precise/particular EMG waveforms.
The PR models tested had a wide range of accuracies. This can be attributed to the fact that some models, such as the Linear Discriminant, divide numerous
classes ineffectively with simple methods. Although
these algorithms perform well with small inputs, it
wasn’t useful to classify large EMG signals.
Karlik (2014) found in his study that the CNN is
the most accurate algorithm for classifying EMG
data for arm prosthesis. This study had different results because the nature of EMG signals from the arm
and throat are different resulting in different optimal
ML algorithms. Additionally, in this study, time and
resource limitations could have impacted the performance of tested ML algorithms.

V. Limitations, Future Research &
Implications
One limitation of this study is that it used a small
dataset. Due to time constraints, the dataset developed to train/test the ML model contained only 1020
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signals. With more training data, the accuracy of the
ML algorithms would improve.
Another limitation is that this study cannot definitively identify the SVM algorithm as the most accurate ML model for the classification of EMG signals in
an SSI. This is because only PR and CNNs were tested
in the scope of this study. There are many types of ML
algorithms, such as Artificial Neural Networks, that
weren’t tested in this study due to time constraints and
complexity of models.
Future studies can address these limitations by
evaluating/comparing more types of ML algorithms.
Additionally, future studies could also develop datasets for a multitude of words from the English language. This would allow for the development of a
more complete SSI that can truly be used in the real
world.
In this study, vowels were used for training the silent speech recognition algorithms. Silently speaking
vowels require the activation of similar muscle groups
in the submental triangle and therefore would have
impacted the results (decreased classification accuracy). Better results could possibly be achieved with
the use of various consonants. Future studies could
explore the differences in accuracy when classifying
consonants and vowels.
This study’s findings can help improve the accuracy
of future SSIs by showing that SSIs can achieve better
accuracy by using an SVM model. By identifying the
SVM model as the best ML model for EMG classification for an SSI, this study could benefit many future
EMG classification tasks. For instance, computational
resources could be effectively saved by running the
less-intensive SVM model - which produces better results. This would result in faster results for devices that
rely on signal classification. Additionally, the findings
of this study can push researchers to develop SSIs
without the use of electromyographs as this study was
able to achieve good results using a low-cost muscle
sensor.
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MANIFESTATIONS AND EFFECTS OF RACISM IN SOCIAL MEDIA NARRATIVES

“I Feel Invisible Sometimes”:
The Manifestations and Effects of Racism in
Social Media Narratives from All-Girls’ Schools
in Urban Areas of Central Canada
Joyce Li

2020 saw a rise of social media accounts dedicated to sharing BIPOC students’ experiences with
racism at prestigious secondary or post-secondary institutions. Through a narrative analysis of one
such account, this study attempts to identify the manifestations of racism in all-girls’ independent
schools in urban areas of central Canada. It was found that racism expressed by fellow students
tends to be exclusionary, and deprives BIPOC of community and social acceptance; racism expressed by staff and faculty is often dismissive in nature, and damages BIPOC’s faith in their teachers’ ability to provide them with academic and emotional support; and institutional racism limits
BIPOC students’ ability to communicate their needs at an administrative level, and denies them the
safe and inclusive learning environment they expect their institutions to provide. All three forms of
racism stem from the silencing and neglect of BIPOC student voice, which suggests that the prioritization of BIPOC student voice might help address and mitigate racism in these institutions.
Keywords: racism, counternarratives, education, social media, independent school, private girls’
school.

Context
In the summer of 2020, the Black Lives Matter
movement saw a resurgence of support in response
to the murder of George Floyd (Wortham, 2020). The
increased awareness brought on by this resurgence
has heightened public discourse surrounding racism
internationally, giving many BIPOC (Black, Indigenous, and People of Colour) an opportunity to bring
to light the racism they experience on a day-to-day

basis. Their contributions emphasized that although
racism does often occur in the form of physical violence, such as police brutality or hate crime, it also
impacts victims through racially charged microevents
undetected by the bystanders or even perpetrators of
racism themselves, as well as discriminatory systemic
factors for which no single individual is responsible
(Kohli et al., 2017).
In July, an Instagram account was created by an
anonymous student. For purposes of anonymization,
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the account will be referred to in this paper by the
pseudonym “@bipoc_untold”. Modelled after pages
like @blackivystories and @dearpwi, and possibly in
response to the growing conversation about racism,
@bipoc_untold was a platform for students of colour
attending single-sex schools in a city in central Canada to anonymously share their experiences of racial
discrimination. The creator of the account explained
that they created the account to uplift the testimonies
of students of colour in these local, predominantly
White high schools to make students more aware of
the behaviors that might harm their BIPOC classmates. The account later began accepting submissions
from students from all independent schools across the
province.
@bipoc_untold engages in a practice known as
counter-storytelling, a term Solorzano & Yosso (2002)
define as “a method of telling stories of those people
whose experiences are not often told”. While narratives of dominance, which are narratives that privilege the oppressive group (which, in the case of race
and racism, is White people) by “naming [their] social locations as normative points of reference” and
neglecting or misrepresenting the perspectives and
experiences of the marginalized (Hunn et al., 2006),
counter-narratives have been used by critical race
theorists to counter the inaccurate or even discriminatory assumptions present in dominant narratives.
@bipoc_untold does this by platforming the narratives of BIPOC students, thereby challenging the predominantly White school population’s perception of
BIPOC and their experiences. Many of its posts also
give unique insight into the experiences of BIPOC
attending single-sex independent schools, especially
all-girls’ schools, which were most frequently featured
on the account.
Through a mixed-method content analysis of the
posts on this page submitted by students from allgirls’ schools, this study aims to identify the manifestations and impacts of racism that BIPOC students
experience in all-girls’ schools in urban areas of central Canada. As these all-girl schools begin to implement anti-racist programming into their policies and
curricula, an exploration of the different forms and
effects of racism can achieve a greater understanding
of what needs to be addressed in that programming.

Literature Review
Manifestations and Impacts of Racism
A meta-analysis of the peer-reviewed educational
scholarship on the subject of racism (Kohli et al.,
2017) found that between 2005 and 2015, research in
the field of education, particularly that which focuses
on K-12 schools, has been lacking in its analysis of
mechanisms of racial oppression in educational institutions. Even in research in which racial disparities
are mentioned, the oppressive structures that uphold
those disparities are frequently left unaddressed, resulting in words like “achievement gap”, “multiculturalism”, and “diversity” being used up to eight times
more frequently than references to racism or racist
practices. However, in research that does directly address the issue of racism in schools, three main categories emerge: evaded racism, which occurs when
discourse about the systemic structures or policies
harming people of colour is silenced or invisibilized,
both in the classroom and in decision-making spaces;
“anti-racist” racism, which manifests in racially inequitable practices that are presented as solutions to
racism; and everyday racism, cases in which racism
happens on an interpersonal level and is thus unrecognized or dismissed as insignificant.
Evaded racism occurs when schools and educators
adopt a colourblind stance when examining racial disparities that may in fact be the result of institutional or
systemic racism. Chapman (2013) argues that colourblind ideology sustains and even exacerbates hostile
racial climates in the classroom by silencing discussion about racism, thereby normalizing or legitimizing the racism that BIPOC students experience. The
effects of evaded racism have a significant impact on
the evaluation of school punishment. Several studies
have found that students of colour, specifically Black
boys and girls, are subject to criminalizing or inferior
perceptions by their teachers (Love, 2014), overrepresentation in behavioral infractions (Blake et al., 2011),
hypersurveillance (Wun, 2015), and differential punishment (Butler-Barnes et al., 2018), but colourblind
ideology allows educators and administrators to view
these racial disparities as the result of isolated instances of misbehaviour rather than the consequence of racial profiling or prejudice. Other studies reveal that, in
school curricula, the portrayal of historical racial vio-
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lence against Black communities and their resistance
against it are portrayed as individual incidents rather
than a pattern of systemic oppression (Chandler &
McKnight, 2009; Brown & Brown, 2010). Rather than
promoting equity, the evaded racism of colourblind
ideology serves to erase the oppression that BIPOC
communities experience.
‘Anti-racist’ racism can be present in institutions’
attempts to highlight diversity or multiculturalism in
underdeveloped ways. For instance, Doucet & Adair
(2013) note that classrooms almost always promote
the food, clothing, and holidays of middle-class White
people, so on the rare occasions that elements from
other cultures are given attention, it results not in the
diversification of the histories and perspectives woven
into the school’s culture, but the alienation of ‘other’
communities as the student body pauses to consider
how the spotlighted culture differs from ‘the norm’.
When practiced alongside colourblind ideology, multicultural curricula merely reasserts racial hierarchies,
as it lacks the awareness of how racially marginalized
communities came to be marginalized (Bery, 2014).
As well, in light of the increase in social media activism in 2020, Potts (2020) observes that much of ‘antiracist’ online media prioritizes externalizing racism
and separating oneself from the ‘bad Whites’ over actually advocating for the rights of BIPOC or educating
oneself or others about BIPOC issues, rendering the
media performative and ineffective. By implementing
‘solutions’ that only further perpetuate racism, ‘antiracist’ racism serves as a way of covering up existing
issues.
Everyday racism is the most common, nuanced,
and universal form of racism experienced by BIPOC
(Kohli et al., 2017), and can manifest in both overt and
subtle ways. Sue et al. (2007) use the term “microaggression” to refer to everyday racism and defines three
subcategories that fall under this label: microassault,
nonviolent but purposeful discriminatory actions;
microinsult, unintentional behaviour that demeans a
person’s racial or ethnic identity through rudeness or
insensitivity; and microinvalidation, communications
that negate, exclude, or dismiss the lived experiences
of BIPOC. The literature shows that BIPOC students
of different racial backgrounds have all experienced
microaggressions from classmates and faculty alike
(Kohli et al., 2017), but because of their frequency and
often innocuous nature, microaggressions are often

normalized or left unaddressed in institutions (Lewis,
2003), despite the detrimental impacts victims of continuous microaggression can experience, including
self-doubt, frustration, and isolation (Solorzano et al.,
2000), and even depression, anxiety, or trauma that
results in internalized racism (Nadal et al., 2014).
Overall, the various studies provide an extensive
outline of the different forms of racism that can take
place in an institution, as well as several factors that
perpetuate or exacerbate that racism. This current
study will attempt to identify and analyze these forms
of racism in the student narratives of the social media sample, and uncover more specific subcategories
within the forms of racism established in the literature. By focusing on all BIPOC in a predominantly female setting, it also aims to fill in a gap in the research,
the majority of which focuses on the racism experienced by Black male students (Kohli et al., 2017).

Women and Racism
To approach the examination of racism in a predominantly female setting, it is necessary to first
study the literature relating women and racism, both
as recipients and perpetrators. While there is a small
but substantial amount of research about the ways in
which women, specifically young Black women, experience racism, research focused on women as perpetrators of racism is sparse.
Although male and female BIPOC certainly experience racism similarly in many aspects, BIPOC women also experience the additional effects of sexism, as
well as pressure to fulfill traditional gender roles. An
analysis of interviews with eleven Black girls (Eggelston & Miranda, 2009) attending a predominantly
White school reveals that, in response to the stereotype that Black girls typically exhibit ‘unfeminine’
traits like being “loud and obnoxious”, the interviewees felt the need to be “silent” and avoid calling attention to themselves. They also often distanced themselves from other Black girls who did not attempt to
assimilate to avoid being assigned the label attributed
to their racial-gender group. The same study found
that Black girls who felt alienated by their classmates
might also behave in the opposite way—by embodying the stereotype, or further distancing themselves
from the rest of the school. Both responses limit students’ high school experiences and can result in lower
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academic achievement. In a similar study, this one
based on interviews with twenty Black girls attending
two diverse (not predominantly White) schools (Joseph et al., 2016), interviewees reported being punished for dress-code violations more frequently than
their non-Black female classmates (possibly due to
the stereotype of Black women being more sexually
promiscuous) and noticed that their teachers seemed
to have lower expectations for Black girls. These interviewees differed from the previous in that in addition
to countering or embodying stereotypes in response
to racism, they also stood up for themselves and others or planned for academic success despite barriers, suggesting that greater racial diversity in student
populations enable BIPOC students to maintain their
dignity and succeed academically despite experiencing racism.
Research about women as perpetrators of racism
has focused more on White women’s racial attitudes
rather than the ways they express those attitudes, and
the studies that exist offer inconsistent conclusions. A
2003 article by Hughes & Tuch observed that women
showed no significant differences from men in their
opinions on stereotypes, socioeconomic disparities,
and policies associated with Black people, leading the
researchers to theorize that, in the context of racial
discourse, White women identify more strongly with
their status as White people than with the values of
empathy and ‘other-focused-ness’ that they are conditioned by society to uphold. However, another study
published that same year (Ekehammer et al., 2003)
reported that women consistently showed greater implicit bias in a series of experiments, although men
displayed greater explicit bias. Yet another study conducted in 2012 (Spanierman et al.) found that women
are more likely to exhibit aspects of a desirable, antiracist racial affect type than men, and are consequently more likely to support policies that benefit BIPOC.
The goal of the present study is to achieve a better
understanding of both how female students express
racism, and how female BIPOC students are affected
by that racism, through the accounts of those female
BIPOC students in predominantly female institutions. This increased understanding may offer greater
insight into how institutions can identify and address
this ‘girl-on-girl racism’ and aid BIPOC students in
responding to that racism in ways that allow them to
succeed socially and academically.

Method
To explore the various manifestations and effects
of racism in all-girls’ schools, a thematic analysis was
conducted on the posts on @bipoc_untold. The use of
counter-narratives in research concerning racism and
social justice helps researchers avoid deficit narratives
about BIPOC perpetuated by a colourblind narrative
as well as ground their research in the experiences of
people of colour (Solorzano & Yosso, 2002). Although
other counter-narrative research conducted on racism in education generally obtains counter-narratives
through interviews, this study’s use of social media
narratives allows for a larger data sample and an exploration of a new kind of counter-storytelling.
@bipoc_untold is part of a greater anti-racist social
media movement known as the “Blackat” movement,
which refers to a growing number of Instagram accounts, many of them following the naming format of
“Blackat[school name]”, dedicated to sharing BIPOC
experiences of racism in private schools. The movement aims to challenge the narrative that BIPOC
can escape the impact of racism by going to private
schools, as well as point out the performative or ineffectual nature of their schools’ diversity initiatives,
and to push for more substantial action on the part
of their schools (Spencer, 2020). This goal is closely
consistent with the goal of counter-storytelling, which
Solorzano & Yosso (2002) state is to “challenge the
dominant discourse on race and further the struggle
for racial reform”—perhaps even more so than an
interview, as students are aware that they are engaging in counter-storytelling when posting to a Blackat
page. In using the posts of @bipoc_untold in its analysis, this study examines the stories BIPOC students
most want to tell.
Although there is no way of verifying the legitimacy of these student narratives, the administrators
of @bipoc_untold remove posts that are identified
by students to be factually inaccurate. Therefore, this
study operates under the assumption that all posts
still available on the page accurately present BIPOC
students’ perceptions of racism that they truly experienced. As well, because @bipoc_untold posts seek
more to expose racist behavior than to unpack how
the victim was affected, particularly in the long term,
the narratives analyzed may offer insufficient insight
on the effects of racism. Because this research studied
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Table 1: Types and Effects of Racism
Category

Subcategories

Microassaults

Explicitly racist remarks
Ridicule of BIPOC culture (malicious)

Microinsults

Ridicule of BIPOC culture (ignorant)
Exclusion
Racial stereotyping
Eurocentric beauty standards
Denying individuality
Double standards

Microinvalidations

Denying/justifying racism
Cultural appropriation
Perpetual foreigner stereotype
Use of racial slurs
Tone/reaction policing

counternarratives retrospectively, queries that arose
during the analysis regarding the events described in
these narratives could not be answered or clarified.
This study focuses on posts concerning four allgirls’ schools uploaded between the account’s creation in July and the beginning of the 2020-21 school
year in September. These posts were sorted by the
perpetrator(s) of racism mentioned—either students,
teachers, or institutions—then into categories found
in previous literature on racism in K-12 schools: microassaults, microinsults, microinvalidations, evaded
racism, and anti-racist racism. Then, following the
thematic analysis procedure as described by Braun
and Clarke (2006), codes—any illuminating features
identified in the narrative—were generated. The
narratives within each category were thematically
analyzed twice using this method: once focusing on
manifestations of racism, with the goal of identifying more specific subcategories that define common
themes across the narratives in each category; and
once focusing on the effects of racism, with the goal

of identifying common ways students are impacted by
the racism described in each category. The codes were
then sorted into overarching themes, which were then
reviewed and defined.

Results
Of the narratives posted to @bipoc_untold (as of
February 23rd), 139 were submitted by students from
all-girls’ schools within the relevant time range. Of
these posts, 132 underwent the coding process, while
7 were eliminated for offering insufficient information
about the nature of the racism the author experienced.
For example, one student discusses in detail the way
the racism they experienced affected them, describing
the lasting trauma it caused and the lack of support
they received. However, because they never describe
or give examples of the racism they faced, this narrative was not classifiable, and thus was eliminated.
Of the narratives that were analyzed, students
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Evaded Racism

Avoiding conversations about racism
Ignoring racism
Lack of antiracist education
Lack of consequences for racism
Prioritizing White comfort

“Antiracist” Racism

Selective activism
White saviorism
Tokenization
Mishandled antiracist lesson material
Mishandled antiracist initiatives

Effects

Desire to assimilate
Loneliness/alienation
Indignation
Shame
Wishing peers were more educated
Regret for not confronting perpetrator
Long-term insecurity
Loss of trust
Academic consequences
Feeling devalued
Stress/emotional exhaustion
Disappointment
Discouragement

were responsible for 53.0% of the instances of racism,
staff or faculty caused 33.3%, and institutions caused
13.6%. Of the narratives related to students, 18.5%
were classified as microassaults, 54.2% as microinsults, 20.0% as microinvalidations, and 7.1% as “antiracist” racism. Of those related to teachers, none were
microassaults, 54.5% were classified as microinsults,
13.6% as microinvalidations, 22.7% as evaded racism,

and 9.1% as “antiracist” racism. Finally, of posts related to the institution, 33.3% were classified evaded
racism, and 66.6% as “antiracist” racism. Table 1 provides a list of the more specific manifestations and effects of racism observed during the coding process.
Because none of the effects of racism are exclusive to
a category, they are not sorted by category. Definitions
of the codes are included in the appendix.
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Figure 1 depicts the frequency of each specific type
of racism carried out by students. Within each category, the subcategories were generally similarly frequent, with the exception of the microinsult category,
in which the theme of denying individuality was significantly less frequent than the other subcategories.
Figure 2 indicates the frequency of each way in
which BIPOC were affected by racism from fellow students, sorted by category. Note that not every narra-

tive described how the author was affected by racism,
and some narratives mentioned more than one effect.
Loneliness/alienation and indignation appeared in all
four categories of racism, whereas shame, long-term
insecurity, wishing peers were more educated, and regret for not confronting the perpetrator were unique
to the microinsult category. A notable observation not
shown in the graph is that all five mentions of longterm insecurity were found in narratives about Euro-

Figure 1: Frequency of Specific Types of Student Racism
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centric beauty standards.
Figure 3 shows the frequency of each subcategory
of racist behavior exhibited by staff and faculty. In the
microinsult category, the denial of individuality was
by far the most common, followed by racial stereotyp-

ing. The narratives in both the microinvalidation and
evaded racism category were evenly split between two
subcategories. Finally, the “antiracist” racism category
consisted mostly of the mishandling of antiracist lesson material with one instance of tokenization.

Figure 2: Frequency of the Effects of Student Racism
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Figure 4 presents the frequency of the ways in
which students were affected by the racist behavior
of the staff and faculty. Some effects were observed
in two categories: the loss of trust was found in both
microinsult and microinvalidation narratives, as was
stress/emotional exhaustion; narratives about feeling devalued were found in both the microinsult and
evaded racism category. Indignation and academic
consequences were unique to the microinsult category, and disappointment was unique to the evaded
racism category. It happens that the narratives in the
“antiracist” racism category did not describe how the
authors were affected, but this does not necessarily
mean that students were not affected by these incidents.

Moving onto the final set of data, Figure 5 illustrates
the frequency of specific types of racism exhibited by
institutions. Within both categories, the subcategories
never differed from one another by more than two
posts, with the lack of consequences for racism as the
most frequent subcategory of evaded racism and tokenization as that of antiracist racism.

Figure 3: Frequency of Specific Types of Staff/Faculty Racism
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Figure 4: The Frequency of the Effects of Staff/Faculty Racism

Figure 5: Frequency of Types of Institutional Racism
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Figure 6: Frequency of Effects of Institutional Racism

Figure 6 shows the frequency of the effects of institutional racism observed in the student narratives.
The effects of the two categories of racism were distinct: evaded racism caused students to feel discouraged or disappointed, while “antiracist” racism made
students feel stressed, devalued, and alienated.

Discussion
Student Racism
To identify the themes found in narratives about
student racism, it is crucial to recognize the role that
the students play in one’s overall experience at school.
The student body is the primary source of community, recognition, and social acceptance for any student, and the racism of students often has the effect of
depriving BIPOC of those very elements. It is necessary to examine not only the individual categories of
racism, but the way in which they interact with one
another.
Microinsults were the most commonly identified
category of student racism, and can be split into the
categories of exclusion, racial stereotyping, Eurocentric beauty standards, the denial of individuality, and
the ignorant ridicule of BIPOC culture. Due to the
nature of microinsults, it can be assumed that these

behaviors were not intentionally racist, but they still
might have been deliberate in other ways. For example, the narratives in the exclusion category described
BIPOC being rejected from friend groups, ignored
at icebreaker events, or treated dismissively during
everyday interactions. Most of these cases seem like
deliberate acts of exclusion, which, though not inherently racist, reveal the implicit racial bias of the student body when one considers how frequently it happens to BIPOC students. As a result, BIPOC students
described feeling shame in addition to alienation; they
were able to make the connection between their exclusion from the school community and their race.
Compared to exclusion, the other microinsult subcategories have more explicit connections to racial
bias, each drawing negative attention to aspects of BIPOC students that distinguish them from their White
peers, whether it be their culture, their appearance, or
the stereotypes tied to their race. But although BIPOC
can easily pick up on the offensive aspects of racial microinsults, they are also aware that their White peers
would not recognize the significance of their actions.
Some narratives described microinsults in the form of
genuine questions: BIPOC were asked whether they
were related to other students of the same race, or
if their parents were low-income. Others described
microinsults intended as compliments: particularly
common in the category of Eurocentric beauty stan-
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dards, BIPOC were told they were pretty “for their
race”, and Black students in particular were told they
looked better with straightened hair. Because of the
well-meaning nature of these microinsults, BIPOC
did not react with indignation, but rather internalized
those comments and developed lasting insecurities
about their appearance. Even microinsults that clearly
express negative sentiments, such as calling the food,
clothing, or practices of a culture “gross” or “weird”,
show a lack of exposure to those cultures rather than
malice towards them. Although isolated instances of
microinsults seem relatively trivial, the accumulation
of unintentional racism creates a deeply alienating environment for BIPOC students, and deals significant
damage to their self-esteem.
The microinvalidation category describes situations in which BIPOC felt that their experiences—
mostly those related to racism—were being negated.
In some cases, their peers outright denied the presence of racism, often arguing that BIPOC were overreacting. In other cases, specifically of cultural appropriation and the use of racial slurs, BIPOC were
invalidated by White peers’ adoption of things related
to their experiences of oppression. In all four posts
about cultural appropriation, the authors contrasted
their past experiences of being bullied for elements of
their culture with their peers’ current appropriation of
those same elements to show the injustice of the situation. In narratives about racial slurs, the authors were
similarly upset by their classmates’ casual adoption of
derogatory epithets that were not theirs to reclaim.
Generally, microinvalidations communicate indifference to the lived experiences of BIPOC. Although the
narratives do not state this directly, it is possible that
microinvalidations discouraged BIPOC from voicing
their concerns about racism.
The significance of the narratives in the microassault category lies in the fact that the explicitly racist remarks were all overheard by BIPOC rather than
directed at them, whereas the malicious ridicule of
BIPOC culture were all described as “normalized” or
something that “everyone was engaging in”. The narratives in the microinvalidation category establish
that the greater student body is indifferent to BIPOC
experiences, which allows for misconceptions about
BIPOC culture to perpetuate. For example, students
felt comfortable engaging in comments implying that
Chinese people eating “bat soup” were responsible for

starting the COVID-19 virus because they did not listen to the Chinese students speaking out against such
comments. Meanwhile, narratives in the microinsult
category establish that BIPOC are often alienated or
separated from the White student body, which creates private social spaces in which White students
can engage in explicitly racist remarks amongst themselves, such as “I’m allergic to Asians”, without being
confronted by the BIPOC that such comments target.
In both cases, subtler forms of racism, when left unchecked, paved the way for the expression of more explicit forms of racism.
Finally, narratives in the “antiracist” racism category reveal that BIPOC students can recognize the
performative nature of their classmates’ allyship. In
one post, a Black student recounts how, during the resurgence of the Black Lives Matter movement, White
students she rarely spoke to would send her texts like
“black is beautiful” or “we stand with you” out of the
blue. When White students who rarely interact with
BIPOC classmates engage in antiracist activism or attempt to present themselves as allies, BIPOC recognize the hypocrisy of their actions, and only feel further alienated and “singled out”.
Overall, the racism that BIPOC students experience from fellow students is either exclusionary in
nature, or the product of exclusion. Deprived of community and social acceptance in the greater student
body, they are unable to educate their peers about
their unintentionally racist behaviors. This in turn
further alienates BIPOC in a self-perpetuating cycle.

Staff/Faculty Racism
Similarly to student racism, the types of racism
BIPOC students experience from staff and faculty directly correspond to the role that staff are meant to
play in a student’s school experience. Students look to
their teachers for knowledge, positive reinforcement,
and both academic and emotional support, and when
teachers exhibit racist behavior, it communicates to
BIPOC that the teacher cannot provide these things.
Once again, microinsults were the most frequently
reported type of racism shown by teachers. Students
most commonly responded to microinsults with indignation, but different subcategories of microinsults also
had different additional effects on victims. The most
frequent subcategory was the denial of individuality.
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Narratives in this category mainly described teachers
continuously mixing up BIPOC students of the same
race or forgetting their names entirely. Such actions
show that a teacher does not pay the same amount of
attention to BIPOC as they do White students, and
may communicate to BIPOC that their teacher perceives them as interchangeable with other students of
the same race. As a result, students mentioned that, in
addition to anger and annoyance, they felt devalued, or
lost trust in their teacher. Because their teacher does
not appear to see them as an individual, a BIPOC student would likely lose faith in the ability of that teacher
to provide them with individualized support.
Interestingly, several students also mentioned feeling emotionally exhausted by this type of microinsult, brought on by having to constantly correct their
teacher. This effect brings to attention a teacher’s position of authority, which can make any confrontation
with them feel like a stressful situation. This dynamic
may also contribute to other microinsults expressed
by teachers, specifically the perpetuation of racial stereotypes and the ignorant ridicule of BIPOC cultures.
Though the students reporting these microinsults were
aware that their teachers hadn’t intended to offend anyone, they still described feeling indignant and losing
trust. BIPOC students expect their teachers to know
better than their peers, and grow to mistrust them as
educators when they do exhibit racist behaviors.
A few BIPOC students also reported that they were
graded more harshly or surveilled more closely than
their White peers, likely due to the racial bias of staff
or faculty members. Although the available posts
do not offer enough evidence to fully confirm these
claims, such experiences were echoed by BIPOC interviewees in other studies (Joseph et al., 2016). The
authors of these posts did not mention how they were
affected emotionally, but they mentioned that they
suffered academically due to their teachers’ prejudices, which may have led to further mistrust of their
teachers as educators.
Narratives about microinvalidations and evaded
racism were similar in that staff preferred not to address issues concerning race. The main difference
between the two categories is that microinvalidations
occur when a student voices their concerns and is shut
down by a staff member, whereas evaded racism occurs when a staff member turns a blind eye to an issue
that should have been addressed or an opportunity to

teach about racism. As such, the victims of microinvalidations described feeling emotionally exhausted
and losing trust, whereas victims of evaded racism
described feeling disappointed and devalued. In both
cases, by not educating students about racism, staff
and faculty members are failing both as educators and
as supporters of BIPOC students.
Finally, the “antiracist” racism category of faculty
racism consists of a few narratives about mishandled
antiracist lesson material, in which teachers inadvertently engaged in racist behaviors (e.g. saying a racial
slur) while teaching about a lesson meant to address
racism, as well as one case of tokenism, in which a
teacher was reported to repeatedly harass BIPOC
students into participating in a diversity committee despite their lack of interest. None of the authors
of these posts mentioned how they were affected by
these actions, and they can be better understood as
consequences of institutional racism, which will be
discussed in the next section, rather than cases of interpersonal racism.
Altogether, the racism of staff and faculty undermine their ability to earn the trust of BIPOC students,
foster personal connections with them, and create a
safe learning environment for them. When this kind
of racism occurs, BIPOC are deprived of the educational experience that their White peers receive, which
causes them to feel let down by those responsible for
their education.

Institutional Racism
Unlike the interpersonal racism shown by students
and staff, institutional racism rarely occurs as isolated
incidents; rather, it is a product of policies and practices within a school. This may be the reason there
were significantly fewer narratives in this category:
singular instances of racism are likely more memorable and discernable than ongoing practices. Nevertheless, in the narratives that do exist, students were
able to identify both specific instances that illustrate
their institution’s racism and continuous actions (or
lack thereof) that perpetuate a racist environment.
Students expected their institution to provide a safe
and inclusive learning environment for BIPOC, and
the narratives show how schools failed to do so.
The evaded racism category consisted mostly not
of incidents that occurred, but elements that students
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wished their school had implemented, or actions they
wished their school had taken. They called for more
diversity in the school’s curriculum and programming, as well as more defined or severe consequences
for racist behavior, with some students pointing out
their school’s prioritization of the comfort of their
White students over the implementation of such elements. Evaded racism left students feeling disappointed and discouraged from reporting future instances
of racism, as they believed the school would not take
effective action.
Narratives in the “antiracist” racism category discussed efforts the school had taken to combat racism
or promote diversity, and how such efforts instead
negatively impacted BIPOC students. In the mishandled antiracist efforts subcategory, students mentioned that attempts to diversify the curriculum often
centered exclusively on media portraying BIPOC in
situations of oppression, promoting a one-sided view
of non-White characters. In the tokenization category, BIPOC students reported that they were often
asked to sacrifice their time and energy to participate
in diversity campaigns despite their lack of interest.
“Antiracist” racism often involves BIPOC emotional
labour, leading to emotional exhaustion, but BIPOC
also reported feeling devalued and alienated, as this
sort of racism communicates that their school is unaware or not listening to their actual needs.
On the whole, institutional racism occurs when BIPOC voices are not heard at an administrative level,
leaving institutions unaware of the needs of their BIPOC students or how to best fulfill them.

Conclusion
Many aspects of this study’s findings coincide with
those in the literature: various types of microaggressions, evaded racism, and antiracist racism were all
found in the data collected for this study, as were more
specific manifestations of racism, such as racial stereotyping and oversurveillance. Narratives about student
racism reveal that the White girls at the examined
schools tend not to direct explicit racism towards BIPOC, but many still harbour implicit biases that their
BIPOC peers can identify. This is largely consistent
with the literature about women as perpetrators of racism, though those studies aren’t entirely conclusive.

To address the initial purpose of this study, both
the types and effects of racism at all-girls’ independent
schools in urban areas of central Canada are varied,
but similarities can be identified across narratives featuring the same perpetrators of racism. Student racism tends to be that which alienates BIPOC from the
school community and robs them of the recognition
of their peers; the racism of staff and faculty communicates negligence and undermines their role as
BIPOC students’ source of support; and institutional
racism reveals a lack of awareness of or interest in
the needs of BIPOC students. Overall, racism in allgirls’ schools, both interpersonal and systemic, work
to create a culture and environment that deprives BIPOC students of the essential elements of a positive
school experience. The implications of this study are
critical, as they provide the multidimensional insight
that institutions might need to address racism at its
source—or many sources. The recognition of the pervasive and insidious nature of racism, and the way in
which it affects all aspects of BIPOC students’ school
experience, is crucial in illustrating the importance of
the adoption of better antiracist measures: both solutions and continuous practices that prioritize BIPOC
student voice.
There are some aspects of this study that require
further research. As previously mentioned, the narratives in the data sample offer limited insight, particularly regarding the effects of racism. In several subcategories, inferences had to be made about how students
might have been affected by the racism they experienced, as it was not stated in the relevant narratives.
Furthermore, due to the subtler and less anecdotal nature of institutional racism, the data sample contained
fewer narratives in this category, making it more difficult to draw conclusions about this sort of racism.
Future studies might overcome these limitations by
collecting a larger data sample, using more accounts
like @bipoc_untold over a greater timeframe. Finally,
any effects of personal bias could be avoided in future studies by employing two or more independent
researchers and establishing intercoder reliability by
comparing their conclusions. @bipoc_untold is only
a small window to the experiences of BIPOC, and at
its core, this study seeks to build a foundation for future research and analysis of the much greater body of
information provided by the growing phenomenon of
social media counter-storytelling.
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Appendix
Definitions of Types of Racism
Category

Subcategory

Definition

Microassaults

Explicitly racist remarks

Statements or actions that communicate
undisguised hatred or disgust towards a
racial community.

Ridicule of BIPOC culture (malicious)

Intentional degradation or antagonization of BIPOC communities through
the mockery of cultural elements (eg.
language, food, clothing, traditional
practices)

Ridicule of BIPOC culture (ignorant)

Statements or actions that unintentionally insult the cultural elements (eg.
language, food, clothing, traditional
practices) of BIPOC communities

Exclusion

Actions or statements that prohibit or
reject BIPOC from spaces or communities in the school

Racial stereotyping

Statements or actions that perpetuate
stereotypes about racial or ethnic groups

Eurocentric beauty standards

Statements that imply that physical
features associated with BIPOC are less
attractive than those associated with
White people

Denying individuality

The treatment of BIPOC students as a
collective rather than distinct individuals

Double standards

Grading or disciplinary patterns that put
BIPOC students at a disadvantage

Microinsults
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Microinvalidations

Evaded Racism

“Antiracist” Racism

Denying/justifying racism

The negation or reinterpretation of
BIPOC complaints of racism

Cultural appropriation

Inappropriate adoption of cultural elements of BIPOC communities

Perpetual foreigner stereotype

The perpetuation of the perception of
BIPOC as foreigners; the negation of
their identity as Canadians

Use of racial slurs

The casual use of derogatory epithets
that are or have been used to degrade
BIPOC

Tone/reaction policing

Criticizing victims of racism for their
reaction

Avoiding conversations about
racism

Neglected opportunities in the curriculum to discuss racism

Ignoring racism

A lack of recognition towards racism
that one witnesses

Lack of antiracist education

The absence of education addressing
historical and current issues surrounding
race and racism

Lack of consequences for racism

Insufficient or no penalties put in place
for perpetrators of racism

Prioritizing White comfort

Antiracist education neglected or shut
down to prevent White students from
feeling uncomfortable

Selective activism

The exclusion of certain BIPOC communities from antiracist activism

White saviorism

Help offered by a white person to BIPOC
for the purpose of presenting oneself as
antiracist

Tokenization

Situations in which BIPOC are singled out
to create the appearance of racial equity

Mishandled antiracist lesson
material

Material meant to promote antiracist messages handled insensitively, often reinforcing the racial biases the material is meant
to challenge

Mishandled antiracist initiatives

Events, campaigns, or curriculum changes
meant to promote antiracist messages
handled insensitively, often reinforcing the
biases meant to be challenged
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Definitions of Effects of Racism
Effect

Definition

Desire to assimilate

The desire to be more “white”, or to distance oneself
from one’s racial or ethnic community

Loneliness/alienation

A sense of isolation and non-belonging

Indignation

Feeling angry or annoyed

Shame

Feeling embarrassed or humiliated

Wishing peers were more educated

Understanding that ignorance was the cause of one or
multiple racist incident(s), and wanting to eliminate
that ignorance

Regret for not confronting perpetrator

Retrospective desire to educate perpetrator or stand up
for oneself after a racist incident

Long-term insecurity

A loss of confidence that feels “permanent”

Loss of trust

Losing one’s feeling of safety and acceptance in the
presence of the perpetrator of racism

Academic consequences

Seeing a negative impact on grades or a loss of academic opportunities

Feeling devalued

Feeling less important or appreciated compared to
White classmates

Stress/emotional exhaustion

Strain brought on by events that induce anxiety or
require emotional labour

Disappointment

Displeasure caused by the staff/faculty member’s failure to meet one’s expectations

Discouragement

Feeling discouraged from reporting future instances of
racism
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Exploring First and Second Generation Immigrants’
Perceptions of the American Dream
Tamara Ashkar
The U.S. is accepted as the “nation of immigrants’’ because immigrants represent the appeal of
America: a place where those seeking opportunity can succeed. Therefore, immigration stories are
quintessential to understanding the American Dream. It is estimated that by 2050, about 37% of
the U.S. population will be composed of first and second generation immigrants and as this population grows, so does the necessity to center their perspectives on the American ethos they hold a
large role in defining. This study explored first and second generation immigrants’ perceptions of
the American Dream in a non-experimental, qualitative approach, through a Google Form openended survey. Themes emerging from the forms’ responses portray first generation immigrants
as more traditional, optimistic, placing emphasis on hard work, and expressing material success.
Responses portrayed second generation immigrants as “realistic,” placing an emphasis on barriers
to success and idealistic views of success.
Keywords: American dream, immigrants, second generation immigrants, content analysis, o
pen-ended survey

Context
Though the meaning of the American Dream has
evolved with societal beliefs, the core fundamentals of
its meaning remain intact (Shiller, 2017). The American dream is defined by Merriam Webster as, “a happy
way of living that is thought of by many Americans as
something that can be achieved by anyone in the U.S.
especially by working hard and becoming successful”
and by Oxford Dictionary as, “the belief that America
offers the opportunity to everyone of a good and successful life achieved through hard work”. These definitions show that core notions include “hard work pays
off ” and “equal opportunity to success” and imply the
existence of social mobility, or the ability of a person
to move up in social status. The dictionaries’ example
sentences offer these core ideas and imply a meaning

of what “success” means in this context, shown through
the phrases, “plenty of money”, “good jobs”, “nice
house”, “two children”, and “born a poor boy; now an
inventor” (Merriam Webster; Oxford Dictionary).
United States economic data suggests that the
American dream may be dying, or that it is becoming
harder to attain the previously stated fundamentals
and the understood idea of American success. Currently, the U.S. is ranked 27th in economic mobility
and the wealth divide between upper-income families
and middle/lower class families is increasing, as is
income inequality (Horowitz, 2020). This data contradicts the previously stated fundamentals of the
American Dream, as these trends make the current
achievability of the American Dream questionable.
The divide among classes counters the “rags to riches’’
story, as the lack of social mobility prevents the transition from a “lower class” status to an “upper class”
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status that this story entails. Similarly, U.S. income inequality data negates the “hard work pays off ” ideal as
hard work is no longer a guarantee of wealth.
Existing research has revealed disparities in perceptions of the American Dream but that overall, Americans believe that the American Dream is becoming
more difficult to attain. However, although there is
abundant research examining perceptions of the American Dream among generations, races, ethnicities and
economic position, there has been little to no research
examining the American Dream among first and second generation immigrants. A first generation immigrant refers to a foreign-born person that has moved to
the U.S. and a second generation immigrant refers to a
U.S. citizen with at least one foreign born parent. It is
estimated that by 2050, about 37% of the U.S. population will be composed of first and second generation
immigrants (Pew Research Center, 2013). Moreover,
immigration stories are core to the American Dream
as a whole. The U.S. is called the “nation of immigrants’’
because, “The story that America was populated by
peoples seeking economic opportunity, fleeing injustice or oppression in their homeland, and hoping for
a better life for their children has a strong grip on the
American immigration”(Hirschman, 2014). Therefore,
first and second generation immigrants’ perspectives
are especially crucial surrounding this topic.

Literature Review
Perceptions and Optimism Regarding
Achievability: Non-Immigrants
The American Dream has been explored through
many demographics; a popular belief among many
is that hard work leads to success. In a study among
ethnically diverse U.S. veterans, most respondents described the “rags to riches’’ story, linking the American Dream to “success” and mentioning higher education (Madriaga, 2005). This idea of success included
home ownership and other materialistic indicators.
Generally, the respondents viewed success as completely dependent on an individual’s work ethic and
associated the American Dream with immigration.
Although hard work has been found to be a common value among various demographics, levels of optimism regarding personal achievement differ. In a study

by Cohen-Marks and Stout (2011), the research aimed
to explore quantitatively whether different racial and
ethnic groups hold a “common vision” of the American
Dream and whether it applies to them (Cohen-Marks
& Stout, 2011). They found that Black and Asian Americans were less likely than white Americans to believe
they had already achieved the American Dream, while
Latino Americans were most optimistic about the future. Additionally, the researchers evaluated the nativity of their participants, meaning whether a participant
was a non-citizen or a naturalized citizen, and found
that “respondents born outside of the United States appear to be the most optimistic about their chances of
eventually achieving the American dream.” This study,
although briefly acknowledging immigrant generation
status as an influencing factor of perception, doesn’t
specifically center immigrants in gathering participants
or explore differentiation in perception among immigration generations.
Research by Pew Research Center similarly finds
that white Americans were most likely to believe they
have already achieved the American Dream, but that
Hispanics and Black Americans were equally optimistic about achieving the American Dream in the
future (Pew Research Center, 2017). When comparing by age and income levels, Pew Research Center
found that older non-immigrant respondents were
42% more likely to believe they have achieved the
American Dream. Respondents with the highest incomes were 50% more likely. Although these studies
present generalizable statistics about a diverse sample
of Americans’ perceptions regarding the American
Dream, they do not focus on distinguishing and specifically exploring these demographics’ immigration
populations, especially through a qualitative analysis
of surveys. Therefore, although they may offer factors
that affect perception, these studies leave a gap in the
research, as they cannot directly answer the question
of how first and second generation immigrants specifically perceive the American Dream.

Perceptions and Optimism Regarding
Achievability: Immigrants
A 2016 qualitative case study assessed how second
generation African immigrants perceive the American Dream by examining how factors like school,
family, and society affect the participants’ success and
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struggles (Knight, 2016). Knight’s findings displayed
that “hard work” and “economic success” dominated
these participants’ perspectives. Specifically, 17 out
of 18 participants mentioned “economic success,”
eight envisioned it as “opportunity and freedom toward making choices to pursue your own interests,”
and eleven saw it as “the idea that some people have
to work harder to achieve similar ends.” Participants
viewed higher education as crucial to achieving the
American Dream. The authors’ findings “point to
the complexity behind decisions as cultural forces -family expectations -- intersect with understandings
of the Dream”. The results showed that participants,
although concerned with economic success, also
emphasize idealistic success and acknowledge that
success may not be fair for all people. Although this
study examines the American dream among second
immigration generations it excludes first generation
immigrants and represents a specific demographic of
immigrants and cannot be fully representative of all
second generation immigrants. Additionally, it places
a focus on certain factors that may affect these individuals’ perceptions rather than examine how their
generational status influences perception.
Many studies have explored first and second generation immigrants without explicitly relating it to the
American Dream. These findings mostly support the
prevalent resulting themes of the previous American
dream-centered studies (hard work ethic, social mobility, success). A publication in The Online Journal of the
Migration Policy Institute examined how 10,002 immigrants felt about life in the U.S (Farkas, 2003). Three
themes were found: Learning English Called Essential,
Strong Work Ethic, and Making the U.S. Home. The
study found that 85% of the participants found it hard
to succeed in the U.S. without knowing English, and
almost half had taken classes to improve their English
skills. 73% of participants found it “extremely important” for immigrants to have strong work ethics and
not have government support (e.g. welfare). The author
concluded that the responses reflected an overall appreciation and pride of being an American immigrant.
Although Farkas’s study had a large and diverse sample
pool, it excluded second generation immigrants altogether and first generation immigrants under the age
of 18. Additionally, it employed a national telephone
survey, which may have limitations, focus groups, and
employed a quantitative analysis.

Pew Research Center compares collected data by
generation and ethnicity with a focus on Hispanic
and Asian Americans and found that second generation immigrants were “better off ”, or more financially secure than first generation immigrants (Pew
Research Center, 2013). They had more education,
higher household incomes, a lower share in poverty,
and were more likely to own their home and pursue
higher education. Chapter One of this study offers
some possible background to these findings. About
78% of Hispanic Americans and 72% of Asian Americans emphasized that success is dependent on an
individual’s willingness to work hard. Regarding perceptions of generational mobility, 67% of second generation Hispanic and 75% of second generation Asian
Americans believe that they have a better standard
of living than their parents at the same stage of life.
Similar percentages of first generation immigrants
of both these groups believe the same. Additionally,
first generation immigrants are more likely than native born respondents to believe they have achieved
the American Dream, making them one of the most
optimistic groups. First generation Latinos are 12%
more likely than U.S. born Latinos to believe they
have achieved the American Dream. This was the only
ethnic group that was found to have notable disparities between first and second generation immigrants
(Cohen-Marks & Stout, 2011).

Concern for the American Dream
There is a concern regarding the achievability of
the American Dream. Pew Research finds only 36% of
Americans believe their family has achieved the American Dream and less than half are optimistic about the
future (Pew Research Center, 2017). Two thirds of
second generation Hispanics and only 41% of second
generation Asians believe their children will experience
higher standards of living than they (Pew Research
Center, 2013). This concern is expanded on in a study
that finds that, although first and second generation
immigrants seem to find better chances at success in
the U.S. than in most of their countries of origin, these
conditions are worsening (Venator et al, 2014). Wages
are falling for immigrants who, as of 2000, make 20%
less than non-immigrants. The upward mobility of
both generations of immigrants is decreasing. As these
trends continue, America may not be a nation where
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immigrants can achieve the American Dream. In a
study conducted by New America that examines perceptions by generation, more than half of participants
believe it has become more difficult to afford a family
and find a well-paying job compared to previous generations. Generation X was the least optimistic. An
overwhelming majority of generation Z believes that
it is easier to be successful with a college degree than
without (New America, 2017).
Addressing this issue, Madeline High argues that
there is an issue that the American Dream has become more materialistic, with a neglect of measuring
the quality of life and greater focus on the amount of
“property” people have (High, 2015). She finds that
the American Dream faces two challenges: 1. The
emphasis on material prosperity and 2. The wealth
inequality in the U.S., emphasizing that these issues
have prevented many from achieving the Dream and
being optimistic about achieving it in the future. She
concludes that “In order for the American Dream to
become fully available to more people, there needs to
be a balance between economic prosperity and the
quality of life.”

Rationale For the Study
The firsthand responses collected in this study provide qualitative insight into how the American Dream
compares between first and second generation immigrants of all ages, including those under 18, which is a
current gap in the research. By exploring the patterns
between perceptions of these groups, findings contextualize and further the understanding of the existing
quantitative data regarding these participant groups,
and build on current American dream research which
focuses on specific groups of immigrants or Americans and research that centers on immigrants but does
not directly explore the American Dream.

the American Dream and other similar survey topics,
such as wealth inequality (Pew Research Center, 2013).
Topics include defining the American Dream, opinions on personal present day and future achievement,
describing individual optimism, future “success”, and
opinions about social mobility. Taking a qualitative
approach for this study allowed for exploration of the
perceptions of both immigrant generations in depth,
following the approach of qualitative research done
in a study exploring immigrant’s motivations for remaining in the U.S. (Valdez, 2013). A qualitative approach allowed the research inquiry to be addressed
while still highlighting the views and unique lived experiences of these participants, especially because this
specific demographic of participants’ stories are highlighted in the discussion of the American Dream. Additionally, as COVID-19 poses a health threat, utilizing an open-ended survey when in-person interviews
are not feasible preserves the benefits of an interview,
such as gathering “personal”, detailed information,
which would be lost in a multiple choice or quantitative survey. Utilizing Google Forms to distribute this
survey also added convenience for the participants, as
it prevented having to schedule an interview time that
is manageable for both parties. The survey was able to
be completed at any time within the data collection
time frame. In order to answer the line of inquiry, the
open-ended responses were analyzed through a content analysis. Responses were dissected for codes and
categories to summarize the largest themes in order
to analyze and evaluate the relationship between these
themes among the immigrant generations. Content
analyses aim to determine the most prevalent words,
themes, and concepts within text to form conclusions.
As the purpose of this research is ultimately to explore
and compare the perceptions of the American dream
among first and second generation immigrants, a content analysis was the most effective and appropriate
method of data analysis to utilize in order to directly
accomplish this.

Method

Participants and Procedures

The method of inquiry is a non-experimental qualitative, Google Form survey including six open-ended
response questions. The general topics of the six survey questions (Table 1) were based on pre-existing
Pew Research Center survey questions surrounding

This research was approved by the Institutional
Review Board in order to ensure that this research is
ethical. In order to gain participants, an interest form
was sent out through an Outlook mass email to Bergen
County Technical Highschool and posted on Instagram
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and open to anyone who identified as first or second
generation immigrants. Participation was open to all
ages, which allowed this research to contribute to the
field by elevating the voices of youth as well as adults.
Emails were collected in order for consent forms and
survey links to be sent. Minors were asked to provide a
parent’s/guardian’s email address instead of their own.
Participants were sent the link to the survey after they
or their parents/guardians had consented to their participation in the study. Minors then expressed assent
on the survey itself. In order to maintain anonymity,
names, emails and other identifiable information were
not collected in the survey. The study aimed for a participant sample size between 20 to 50 with an even distribution between generations, as this quantity is recommended for qualitative surveys.

Results
The results are organized into two sections: one
presenting the themes of the responses of first generation immigrant respondents and other presenting second generation immigrant respondents. Quotes from
collected survey responses are presented in italics.

First Generation
The first generation survey results are organized
around two general themes that were most prominent

in the responses (Table 2). The first theme, “Perception on the Evolution of American Dream” represents respondents’ expression on the change or lack
of change they have witnessed the American Dream
experience, as well as factors that may have caused
this or will in the future. The second theme represents
respondents’ views on the achievability of the American Dream. This theme is split into three sections.
The first regarding their views on the achievability
for themselves and other immigrants’, the second regarding achievability for general Americans, and the
third regarding the meaning of achievability, or what
achieving the American Dream means.
First Generation Perceptions on Evolution of
American Dream (table 3)
Regarding the evolution of the American Dream,
many first generation immigrants explained that its
meaning is dependent on many factors, including
the strength of such social beliefs as the U.S.’s value of
work ethic, and the socio-economic status of the U.S.
(e.g. the amount of opportunity). Some factors named
as affecting the idea and significance of the American Dream include government laws and policies,
including those regarding immigration and free enterprise, as well as the amount of immigration to the
country. Some respondents expressed that the American Dream could change in the future, but either expressed that they didn’t know what could change it or
just didn’t name any factors. Additionally, many also

Table 1
Open Ended Survey Questions
How would you personally define “The American Dream”?
Has your definition and understanding of the American Dream changed over the course of your
life? If so, how?
Do you believe that you have achieved the American Dream or will be able to in the future? Why
or why not?
In your opinion, do you believe that most people in the U.S. are able to achieve the American
Dream? Why or why not?
Do you believe that the general idea of the American Dream will change over time? Why or why
not?
Do you believe the American Dream has meaning and significance currently? Why or why not?
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Table 2
Themes and subthemes relating to first generation immigrants’ perceptions of the American Dream
Themes and Subthemes Relating to First Generation Immigrants’ perceptions of the American
Dream
General themes

Specific codes

Perceptions on Evolution of American Dream

Has remained stagnant

Expressing their views on how the American
Dream has and will change

Changes depend on many factors (government, economy, society, immigration)

Perceptions on Achievability
Expressing their views on

Feeling of disconnect

Achievability for themselves and other immigrants

Feeling optimistic

General achievability and what achievement
means

Overly glorified
Hard work
Barriers
Less applicable to Immigrants
Materialistic achievement
Idealistic achievement

Table 3
Response Examples of First Generation Perceptions on Evolution of American Dream
“I think living happily is always going to have meaning and significance, but tying that to a
country/nation is outdated in my opinion.”
“The American Dream may not change in the short time, but may change depending on the
socio-economic situation in the future”
“I think times have changed and the new version of American Dream= free stuff ”
“The American Dream is very significant because people from other countries come to America
more than other countries because of the opportunity”
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felt as though the idea of the American Dream hasn’t
changed in meaning or significance over time, nor
will it ever change. Some felt as though the American dream currently holds a different meaning than
it did in the past; the majority who did felt that it had
changed “for the worse”.
First Generation Perceptions on General Achievability & What Achievement Means (table 4)
First generation responses were mixed regarding
the achievability of the American Dream. In many
cases, hard work or the idea of “drive” were highlighted as crucial to success. These ideas were often
associated with an emphasis on independence, as in
not relying on government aid; and resourcefulness,
such as using the opportunities available to you.
For these respondents, success came down to “how
bad do you really want it?” However, a small portion disagreed. Factors such as a global pandemic,
bad economic conditions, language barriers, lack of
experience, lack of access to education, and “every
day struggles” played a role in preventing immigrants from achieving the American Dream. One
participant also felt that the American Dream was
less fair to immigrants specifically, as they often face
exploitation and discrimination, and because of their
disconnect to American culture, could not “relate”

to it. This feeling of disconnect was exhibited among
a few participants. In one case, a shift to pessimism
occurred after immigrating to America. Some participants felt as though their belief in the American
Dream was stronger before moving to the U.S. and
had lessened after time.
However, a majority of respondents expressed that
they felt as though they have achieved the American
Dream in some sense. For almost every participant,
this meant material success, like having a stable job,
financial security, homeownership, and having a family. For a few others, success was idealistic, like opportunity, a better future, happiness, and freedom.

Second Generation Immigrants
The second generation survey results in this section
are organized around three general prominent themes
(Table 5). The first theme, “Perceptions of Self ” represents respondents’ expression of their views on their
place in and experience with the American Dream.
The second theme represents respondents’ expression of the “evolution” of or “change’’ in the American
Dream. The third theme represents the respondent’s
general views on the American Dream’s achievability
and what achievement means.

Table 4
Response Examples of First Generation Perceptions on General Achievability and What
Achievement Means
“It’s not really something I believe in since my connection to the US isn’t deep in the cultural
sense”
“...opportunities to succeed are always available if you work as hard as you can and put the time
and effort needed to get where you want to be”
“I only had believed in American Dream before I came to the USA, the reality was much different”
“I think that the American Dream always had a hint of propaganda in it. It seems like it could be
related to American exceptionalism…”
“I have to struggle with everyday reality, dreams are not a part of it.”
“I have a beautiful family, steady stable and successful career, and I have enough to keep up with
the bills and personal finances”
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Table 5
Themes and Subthemes relating to second generation immigrants’ perceptions of the American Dream
Themes and Subthemes Relating to Generation Immigrants’ perceptions of the American
Dream
General themes

Specific codes

Perceptions of Self

Appreciativeness

Expressing their views on their place in the
American Dream

Optimism regarding self
Pessimism regarding self

Evolution of American Dream

Losing meaning/significance

Expressing their views on how the American
Dream has and will change

Preserving meaning

Perceptions on Achievability

Fairness

Expressing their views on

Barriers vs Catalysts

General achievability

Social Mobility

What achievement means

Rags to riches (AKA “material gain”)

Reality check

Idealistic gain
Table 6
Response Examples of Second Generation Perceptions of Self
“...they see my sister and I doing better than themselves in the years to come and I always say it
is because of the foundation they established for us in this country”
“...due to the fact that my parents have done a lot of the heavy lifting for me to be in a better
place, now I just have to build on it. They have given me the materials I need to be successful…”
“I have higher goals for myself given what my parents have accomplished and have left for me”
Second Generation Perceptions Of Self (Table 6)
Regarding personal achievement of the American
Dream, a majority of second generation participants
felt as if they were on the “right path” or in a better-

off position than others to achieve it. This optimism
was attributed to a number of factors, one of the most
prominent being a feeling of privilege and appreciation for their current position as a result of the “hard
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work” of their first generation immigrant parent(s).
Even most of those who did not present the most
optimistic view on their future expressed a feeling of
privilege.
Second Generation Evolution of Perception
(table 7)
As a whole, second generation participants expressed that one’s view of the American Dream is not
stagnant. Almost every respondent indicated a change
in their perception of the American Dream as they’ve
grown up. When reflecting on their past to present
selves, participants described experiencing “reality
checks”. These “reality checks” are best defined as a
shift from an overly-optimistic view of the American
Dream to a more pessimistic view -- which, by the
tone of most individuals, would most likely be labeled
as “realistic”. “Reality checks” also took the form of
participants straying away from the more traditional

view of the American Dream to a more “realistic” or
personal understanding of it. Seen in most responses,
this change is most commonly attributed to the learning of certain “barriers” or new experiences. Additionally, almost all second generation immigrants
expressed that the overall “American Dream” is losing “significance” in a general sense or expressed the
idea that it evolves “with the people”. Accompanying
the exhibition of pessimistic views on the evolution
of the dream, many respondents named the cause(s)
or “barriers” of this “loss in meaning” that separate
the more optimistic American Dream from the “realistic” one. However, even though most second generation participants agreed that the American dream is
“dying”, some argued that the core of the American
Dream, such as a “yearn” to “[climb] the ladder of
wealth” remain.

Table 7
Response Examples of Second Generation Evolution of Perception
“ When I was little, the American Dream didn’t account for things like wealth, racism, sexism,
etc.”
“...before, I was taught in school that the American Dream was the house with a picket fence, but
that changed because I thought about it and learned from my family”
“Originally it was just the classic white picket fence and two and a half children but now I have
higher goals for myself…”
“...the house and the picket fence is unrealistic and it will change to my definition over time”
“I started off thinking it was mostly escape from arguably worse situations because that’s also
what applies to most immigrants I know, but now I’m not sure if that sentiment about how great
America is might play a larger role than I expected.”
“I believe that freedom, opportunities, and equality will always be values, yet there may be an
extension based on the time. As time changes, so do values”
“It’s not the same meaning as it used to be 30 years ago”
“It has significance but it is not as gleaming and hopeful as it once was….the American dream
no longer sparks joy, but rather creates this feeling of oppression and failure.”
“...my understanding of economic and other social systems has improved, my belief in the
American Dream has changed where I don’t think that truly achieving the American Dream is
something that anyone can do…”
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Second Generation Perceptions on
Achievability
Second generation perceptions on achievability
exhibited two major trends: 1) the naming of certain barriers and catalysts to achieving the American
Dream and 2) what achieving the American Dream
means.
When discussing achievability of the American
Dream, these participants argued that there were
overwhelming disadvantages for some groups of people more than others, and overall argued that the road
to achievement is “unfair” and “unequal”. Even among
those who defined the American Dream as an ideal
that included opportunity for all, critiques regarding
the validity of ‘the dream’ were still made. Many participants provided these barriers in the forms of anecdotes, whether about experiences of these barriers
firsthand or being in an environment surrounded by
these inequalities. A common theme among the bar-

riers to achieving the American Dream is that they
could be labeled as flaws in systems, rather than as
flaws in the individuals, as inequalities like racism,
sexism, and wealth were the most prominent “barriers” named. Participants, although less frequently,
also expressed criticism specifically at certain systems,
such as “society”, “our government”, and “franchises”
for contributing to the general discrimination of
American success (table 8).
Participants also named “catalysts” to the American Dream, or certain advantages someone may inherit or decisions someone may make in order to
assist in achieving the American Dream (table 9).
Most prominent catalysts included connections with
successful people, generational wealth, college/access
to education, and speaking English. These catalysts
were discussed in both positive and negative tones.
For example, college was discussed in a positive tone
when an individual felt it could help them achieve
the American Dream and in a negative tone in con-

Table 8
Response examples of second generation perceptions on achievability: barriers
“It depends on how people treat me because I’m a black woman. I am only 19 and already have a
lot of college debt. That doesn’t seem very dream-like to me...it really is hard for people of color
and women.”
“For as long as nothing is fair and equal, the American Dream is invalid”
“Though people might escape/ leave their previous lives in other places, they are still faced with
new challenges that don’t readily give them the ticket to their definition of ‘success’”
“There is a gender wage gap and as a Muslim, I do believe my family and I face more inequalities”
Table 9
Response examples of second generation perceptions on achievability: catalysts
“...someone who lives here their entire life is able to have a lot of opportunities to increase their
social status (especially when knowing the language)”
“I think that I’m on the path towards achieving the American Dream. I plan on going to college,
getting a job, and working hard…”
“I consider a college education one of these systems and while more and more people are able
to obtain one, access to it is not equal. For those that already start off wealthy, they’re able to not
only better obtain resources to prepare for a college education and get into top schools…”
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texts where certain barriers regarding inequalities affected access to this catalyst. Less frequently named
were catalysts like “hard work” and “determination” as
gateways to success.
Participants also described what achieving the
American Dream means (table 10). The consensus is
that the American Dream is a story of social mobility -- starting from the bottom and getting to the top.
“Mobility” was most prominently presented in two
themes: a “rags to riches” view which heavily associates the concept of success with materialistic achievement (“house,” “car,” “good job,” “money”) and an idealistic view which describes success of the American
Dream as achieving something intangible (“freedom,”
“opportunity,” “independence,” “equality”). This idea
of social mobility can also be seen in the frequent association of the American Dream with stories of immigrants coming to America from a less desirable
situation elsewhere.

Conclusion and Discussion
This study utilized a content analysis to explore
first and second generation immigrants’ perceptions
of the American Dream, an ideal that is continually
evolving. Participants in this study described multiple
opinions regarding the American Dream and shared
views on themselves, the evolution and significance
of the ideal, and its achievability. Importantly, this research sheds light on the perspectives of those most
viewed as chasing an American dream and presents
the disparities in opinion between generations, as well

as exemplifying the notion that generational experience can shape perspective.
Overall, first generation respondents leaned toward
traditional ideals of the American Dream. There was
an emphasis on hard work being crucial to success
with minimal regards to barriers. Success was materialistic in a majority of responses. First generation
respondents overall were more optimistic, meaning
they were more likely to believe they had achieved or
will achieve the American Dream and that the American Dream was preserved and significant.
Second generation respondents emphasized numerous barriers, like discrimination and an unequal
playing field for achieving the American Dream, especially for certain demographic groups, as well as
noting many things that put people at advantages and
are important for success, like an education. With this,
second generation participants expressed feelings
like privilege and appreciation immensely, reflecting
on their parent’s struggles as first generation immigrants and the lives they gave them. When defining
the American Dream and achievement of it, responses
largely leaned toward idealist and intangible indicators of success, like freedom. However, tying back
to their emphasis on barriers and catalysts, second
generation immigrants in this study were wholly less
optimistic achieving the traditional American Dream
and doubtful about the significance of the American
Dream.
Connecting back to Madriaga’s study on veterans,
considering the U.S.’s low military enlistment rate
(<.005 percent of American population), the findings
of that study such as themes like “rags to riches” and

Table 10
Response examples of second generation perceptions on achievability: what achievability means
“Coming to America and starting with nothing, and then gaining success overtime until you
have achieved true prosperity.”
“Coming from a poorer farming village in southern Egypt to America hustling trying to make
money...”
“Coming into America in hopes of being able to create a better life for yourself while having the
freedom to believe and seek what you wish.”
“...starting from the bottom (lower class) and working you way to the top (higher class)”
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“work ethic” cannot necessarily be representative of
all Americans’ perceptions (Madriaga, 2005). However, a commonality between U.S. veterans and U.S.
immigrants is a factor of American pride that is associated with both groups. Veterans choose to fight
for America and first generation immigrants choose
to come to America, actions that signify pride for the
country. The first generation results point to confirming the assertion that veterans’ perceptions of the
American Dream may be generalizable to first generation immigrants, as these two groups believe success
to be heavily reliant on an individual’s work ethic. This
may indicate a connection between pride and these
values.
Additionally, Cohen-Marks and Stout’s quantitative findings that “respondents born outside of the
United States appear to be the most optimistic about
their chances of eventually achieving the American
Dream” are supported by this study’s qualitative data
that finds first generation immigrants overall a more
optimistic population than second generation immigrants (Cohen-Marks & Stout, 2011).
Furthermore, this study’s second generation results
mostly agree with Knight’s findings of African second
generation immigrants. Both Knight and this study
found that second generation immigrants held idealistic ideas about success and discussed barriers to
success. Although Knight’s study focuses specifically
on African participants and names “cultural forces” as
the influences in their participant’s understanding of
the dream, the similarities between both that and this
study’s second generation response implies the significant influence of the immigration status of a person
on their perception of the American Dream.
Pew Research Center’s quantitative data shows that
second generation immigrants tend to have more
education and are more likely to pursue higher education than first generation immigrants. This study
exemplifies this, as the importance of education as
a catalyst to success was emphasized among second
generation responses. However, quantitative data
shows that second generation immigrants are more
likely to own their home, which contradicts the lack of
naming “homeowning” in their responses. Most first
generation respondents, however, expressed owning a
home as an indicator of success.
Furthermore, Pew Research center finds that a majority of each demographic of second generation im-

migrants believe that they have a higher standard of
living than their parents did at the same stage of life.
This data connects with both Madeline High and this
study’s results. As this study finds, second generation
immigrants expressed feelings of appreciation and
privilege when discussing their parents’ immigration
to the U.S. These respondents were heavily idealistic
rather than materialistic when discussing success.
This gratefulness for their parents’ immigration along
with their idealism connect back to High’s conclusion
that adopting an idealistic rather than materialistic
view of success makes for a better quality of life and
standard of living and explains their lean away from
wanting to achieve the traditional “unrealistic” goals.

Limitations
Trading interviews for surveys creates a few limitations. This method hindered the participant from
asking for clarification on questions and didn’t allow
follow up questions, which might have allowed for
greater detail in answering the inquiry. Additional
limitations include a small and uneven sample size.
In total, there were 6 full first generation respondents
(or 36 open ended answers) and 13 full second generation respondents (or 78 open ended answers), an
overrepresentation in second generation immigrants.
This small sample size limits the generalizability of
these results. The use of a content analysis in this
study offers limitations of its own, including human
error. Themes and codes emerged as a result of personal interpretation, and although extreme measures
were taken to prevent personal bias, subjectivity still
remains a limitation.

Future Directions
Future researchers are advised to conduct an identical study on a larger sample size in order to support
these findings on a more generalizable level. Additionally, it is recommended that future researchers explore this line of inquiry through an interview method, because, as stated before, participants’ ability to
ask for clarification and the researchers’ ability to ask
follow up questions may increase data collected and
lead to more in-depth answers. Lastly, to build on this
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research, a study should be conducted examining first
generation immigrants’ age and year of immigration
to the U.S., as the status of America at the time and the
age at which they immigrated may have an influence
on their motivations to immigrate and, therefore, on
their perception of the American Dream.
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CHANGING VIEWS OF MONOGAMY AMONG CANADIAN ADOLESCENTS

Romance is not Dead, It’s Changing:
A Grounded Theory Inquiry Investigating the Changing
Views of Monogamy Among Canadian Adolescents
Pruedence Hughes
This study examined the feasibility of monogamy in Canadian adolescents’ romantic relationships by exploring their perceptions of monogamy. Quantitative and qualitative methods were
used to gather data: 125 students participated in a survey and 21 students were interviewed. Data
was analyzed using a grounded theory approach, and three generalized theories were developed:
(1) adolescents highly value monogamy in romantic relationships; (2) although adolescents value
monogamy, they believe they are too young to engage in monogamous relationships as it distracts
from their priorities such as self-exploration and other life obligations; therefore, adolescents
primarily engage in casual romantic relationships as they are not distracting; (3) males and females
value monogamy (in general) equally; however, at their current age, females have a stronger preference for casual relationships than males. Since adolescents are more focused on other life priorities
than maintaining monogamous relationships, it was concluded that monogamy is not feasible for
Canadian adolescents.
Keywords: monogamy, adolescents, serious relationships, casual relationships and consensual nonmonogamy.

Introduction
The changing landscape of social norms has left
the next generation of adolescents exposed to a realm
of romantic relationships different than those experienced by Baby Boomers, Generation X, and Millennials (Hawkins et al, 2020). Some examples of
changes to romantic relationships include the delay
of romantic activities such as sex and the increased
dependency on technology to maintain and initiate
relationships (Hawkins et al, 2020; O’ Sullivan et al,
2013). Although researchers have investigated contemporary social trends around romantic relationships in the younger generation of adolescents, there
is one aspect that has been neglected: monogamy
(Hawkins et al, 2020). Monogamy is defined as sexual
and romantic exclusivity to one partner (O’Sullivan
et al, 2013). Among the current generation of adults,

high divorce rates and increased accounts of infidelity
indicate a decline in the success and sustainability of
monogamy (Clyde et al, 2020; O’Sullivan et al, 2013).
The onset of the COVID-19 pandemic has only exacerbated the decline as divorce rates have escalated
significantly (DiDonato, 2020). Considering the state
of monogamy among Western adults, it is important
to investigate adolescents’ perceptions of monogamy
in the modern age to discern whether monogamy is a
feasible expectation for adolescent romantic activities.
The current study answers the question: What are
Canadian adolescents’ perceptions of monogamy in
romantic relationships? Romantic relationships during adolescence play a role in the development of
social skills, setting the stage for future relationships
such as marriage and parenting; therefore, adolescents’ changing views of monogamy could have implications for their relationships as adults (Williams
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& Russel, 2013; Beckmeyer & Malacane, 2018; Willoughby, 2010; Harknett & Cranney, 2017; Norona et
al., 2017; Byers et al., 2016; Xia et al., 2018; Deardorff
& Suleiman, 2015). Not only that, trauma and distress
from negative romantic experiences can have detrimental impacts on teens’ development, undermining
their future relationships (Norona et al, 2017; Byers et
al, 2016; Beckmeyer & Malacane, 2018). To prevent
negative experiences, educators need to teach adolescents the skills to healthily navigate their romantic
activities. The Ontario Health Curriculum for secondary students only discusses safe sex practices and
strategies to develop and maintain healthy relationships in general, but lacks information regarding nonmonogamous configurations such as casual sexual
relationships or consensual non-monogamy (CNM)
(Ontario Ministry of Education, 2015). The results of
this study could potentially be utilized to modify the
health curriculum to include lessons that allow teenagers to better navigate non-monogamous romantic
activities. Moreover, the results could help improve
the existing curriculum surrounding relationships.

Literature Review
Adolescent romantic relationships
Researchers typically study romantic relationships
in adolescence from a normative perspective, examining the evolution of adolescent romantic activities
as they age (Williams & Russel, 2013, p. 650). Using
interview data from the National Longitudinal Study
of Adolescent Health, sociology professors Anne
Meier and Gina Allen found that at each stage of adolescence, there are normative romantic activities individuals participate in (Meier & Allen, 2009). Data
from Jonathan Beckmeyer, an assistant professor at
the Department of Learning Sciences and Development at West Virginia University, and his colleague’s
cluster analysis corroborate Meier and Allen’s findings
(Beckmeyer & Malacane, 2018). Early adolescence
is when individuals begin socializing with potential
romantic partners, develop interest and potentially
engage in short-term romantic relationships characterized by group dating (Beckmeyer & Malacane,
2018, p. 2398; Meier & Allen, 2009, p. 310). By middle

adolescence, short-term romantic relationships with
increased emotional and sexual intimacy are common (Beckmeyer & Malacane, 2018, p. 2398; Meier
& Allen, 2009, p. 310). Late adolescence is when adolescents begin engaging in long-term committed relationships with high levels of intimacy (Beckmeyer
& Malacane, 2018, p. 2398; Meier & Allen, 2009, p.
311). Dr. Beckmeyer and his colleague state that “adolescents who followed [this] normative trajectory
of romantic involvement” were found to have fewer
problems with psychosocial adjustment than those
who did not (Beckmeyer & Malacane, 2018).
Dr. Lela Williams, an associate professor at the
School of Social Work in Arizona State University, and
her colleague, argue that the normative perspective is
limited as it does not account for sexual activity outside of the context of serious romantic relationships
(Williams and Russell, 2013). There are two types of
relationships adolescents engage in: serious romantic
relationships and casual romantic relationships (Williams & Russel, 2013). The defining feature of serious
romantic relationships is the explicit agreement to
remain exclusive to one another (Norona et al, 2017;
Williams & Russel, 2013). Casual relationships do not
have an explicit agreement to be monogamous (Norona et al, 2017; Williams & Russel, 2013). Sexual activities occur in both types of relationships (Williams
& Russel, 2013). The primary difference between the
two types of relationships, aside from the monogamous agreement, is the level of emotional intimacy:
serious romantic relationships generally have higher
levels of emotional intimacy than casual relationships
(Williams & Russel, 2013, p. 654).
Adolescents’ perceptions of different types of relationships influence the romantic activities they
participate in. Gender is one aspect that affects perceptions. Stereotypically, women prefer committed relationships whilst men are more likely to prefer casual sex (Harknett & Cranney, 2017). Kristen
Harknett, a sociology professor, and her colleague
found that the gender composition of high schools
influenced the relationship ideals students espoused:
when females were the majority, students were more
inclined to engage in committed relationships, and
when males were the majority, the opposite was true
(Harknett and Cranney, 2017, p. 492). Dr. Brian J.
Willoughby, an associate professor at the Brigham
Young University School of Family Life, corroborates
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Harknett and Cranney’s findings. Willoughby (2010)
examined adolescent attitudes towards marriage—the
institutional embodiment of monogamy. Survey results demonstrated that women tend to place more
importance on marriage than men. Having said that,
Willoughby’s findings also indicated that gender was
not the sole influence on perceptions. Results from his
survey illustrate a connection between adolescent age
and expectation to marry, with expectations to marry
increasing as participants aged (Willoughby, 2010, p.
1311). Despite placing importance on marriage, Dr.
Sandra Byers, a professor of psychology at University
of New Brunswick, and her colleagues, conducted a
study that revealed that the second most common
reason for romantic avoidance among both male and
female adolescents was the lack of interest in participating in committed relationships (Byers et al., 2016).
The contradiction between Byers’ and Willoughby’s
findings suggests that adolescents’ ideals for future
relationships differ from their ideals for current ones,
reinforcing the idea that there is a link between age
and perception (Willoughby, 2010).
Aside from gender and age, adolescent relationship
ideals are formed based on their understanding of romantic relationships. Knowledge about relationships
is gained from a variety of sources such as school,
peers, media and family (Norona, 2017, p. 1674).
Dr. Joe Pittman, professor of Human Development
and Family Studies, and his colleagues, conducted
a quasi-experimental study exploring the impact of
relationship education on adolescent standards for
romantic relationships and partners (Pittman et al,
2014, p. 463). Post-test scores revealed that education
led students to develop higher standards of warmth/
trustworthiness and intimacy/loyalty in relationships
(Pittman et al, 2014, p. 463). Yet, the school curriculum primarily focuses on teaching teenagers how to
develop and maintain healthy relationships, and safe
sex practices (Pittman et al, 2014); therefore, adolescents are not educated about the nature of casual relationships. For education on casual relationships, adolescents must rely on their peers and the media. Peer
influence can be subtle—behavior modeling and reinforcement—or can be more outright—peer pressure
(Deardorff & Suleiman, 2015; Norona, 2017). Additionally, Dr. Hawkins states that “media consumption
[films, tv shows] may also subtly shape marital and
relational attitudes” (Hawkins et al., 2020, p. 159).

Finally, adolescents’ views are indirectly shaped by
their parents: adolescents learn interpersonal skills
from their relationship with their parents and by examining the relationship between their parents (Xia
et al., 2018; Sun-A, 2019; Meier & Allen, 2009). Those
who had a good relationship with their parents and
had parents who were still married developed better
interpersonal skills, making them more likely to have
healthy serious romantic relationships, and as these
adolescents generally have more positive experiences,
they develop a positive attitude towards serious relationships (Xia et al., 2018; Sun-A, 2019; Meier & Allen, 2009; Byers et al, 2016).

Monogamy in adult relationships
Perceptions of different types of romantic relationships are studied more among adults than adolescents.
College students are of particular interest among researchers due to the notorious “hookup culture” in
Universities which researchers refer to as “collegiate
sexuality” (Wilkins & Dalessandro, 2013; Olmstead et
al., 2017). “Hookup culture” encompasses a variety of
casual sexual relationships such as one-night stands
(Jonason, 2013). Dr. Spencer Olmstead, associate professor and co-director of the Wellbeing in Adolescents
and Emerging Adults Laboratory, and colleagues,
found that participation in hookup culture was most
common among first-semester college students (Olmstead et al., 2017, p. 1833). Despite participation in
hookup culture, many young adults value monogamy
as an essential element of relationships, with women
placing greater importance on monogamy than men
(Olmstead et al, 2017, p. 1183; Wilkins & Dalessandro,
2013). Monogamous relationships are favored due to
the emotional intimacy and socioemotional support
they provide (Jonason, 2013, p. 1409). Wilkins, and Dalessandro (2013, p. 738) point out that the contradictory
nature between college students’ value of monogamy in
principle and their collegiate sexuality in practice is related to age. This is parallel to the observation made in
adolescents’ perceptions of commitment. In interviews,
college students revealed that they want to “focus on
self-development and experimentation” and thus, they
do not engage in monogamous relationships (Wilkins
& Dalessandro, 2013, p. 738).
There is one type of relationship studied among
adults and college students that has yet to be exam-
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ined among adolescents: Consensual Non-Monogamy
(CNM) or polyamory. CNM is defined as a committed romantic relationship in which participants consent to romantic/sexual relations with multiple other
consenting partners (Sizemore & Olmstead, 2018, p.
1432). It is unclear whether adolescents participate in
CNM as it has never been researched. Sizemore and
Olmstead (2018, p. 1428) performed an explanatory
sequential analysis which revealed that the majority
of emerging adults were unwilling to participate in
CNM. The primary reason for their unwillingness
to participate in CNM was that individuals believed
monogamous relationships were “normal” and had
better quality than other arrangements (Sizemore
& Olmstead, 2018, p. 1428). However, Dr. Jennifer J
Harman, a professor at Colorado State University, and
her colleagues, state that this was only true in some
cases (Harman et al, 2019).

Gap Analysis
Researchers have delved extensively into adults’
perceptions of monogamy in romantic relationships.
Some studies regarding adolescent relationship behaviors and attitudes have indirectly provided insights about adolescent perceptions of monogamy,
demonstrating that adolescents generally value monogamy (Byers et al., 2016; Willoughby, 2010; Norona et al., 2017; Harknett & Cranney, 2017). However,
no prior study has explicitly explored adolescent
perceptions of monogamy in romantic relationships and the reasoning behind these perceptions.
Harknett and Cranney (2017) come closest, examining the romantic ideals within high schools and their
relationship to gender composition. Yet, their study
examined perceptions from a gendered perspective, looking at how gender composition influenced
whether the high school dating culture would align
with traditionally feminine attitudes towards relationships or traditionally masculine attitudes. The
current research derives a generalized theory about
adolescent perceptions of monogamy solely based on
participants’ experiences, not following any societal
constructs that exist. Though the research does explore the influence of gender, there are many other
facets explored. The research investigates adolescent
attitudes towards various types of relationships, the

link between age and perceptions of commitment,
and adolescents’ perceptions of polyamory.

Hypothesis
Based on prior literature, I have developed the following hypotheses:
1. Adolescents believe that monogamy is an important aspect of romantic relationships in general.
2. Though adolescents value monogamy, they believe that they are too young for the commitment
associated with monogamy and will primarily
participate in casual romantic relationships.
3. Female adolescents will place greater importance
on monogamy than males.

Methodology
Grounded theory inquiry was utilized in this study.
Dr. John Creswell, a professor of family medicine at
the University of Michigan, and Dr. J. David Creswell,
an associate professor of psychology at Carnegie Mellon University, explain that grounded theory inquiry
involves gathering data from participants regarding
their experiences of a certain “process, action or interaction” and developing a generalized theory about
the subject of interest based on that data (Creswell &
Creswell, 2018, p. 13). In the current study, survey
and interview data from participants regarding their
romantic experiences were used to derive a generalized theory about Canadian adolescents’ perceptions
of monogamy.
The grounded theory approach was chosen because
it satisfied the goal of the study: to gain insight into
Canadian adolescents’ perceptions of monogamy. In
order to accomplish this goal, the findings from my
study would have to be applicable to the larger population of Canadian adolescents. In her frequently
cited research paper about shame-resilience theory in
women, Dr. Brené Brown, a research professor at the
University of Houston, explains that the data gathered
in a grounded theory study serves as empirical evidence for the development of a theoretical framework
that can be utilized to describe the general population
being studied (Brown, 2006). A grounded theory inquiry allowed me to utilize the data from my study to
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develop a general theory about adolescents’ perceptions of monogamy that is applicable to the greater
population of Canadian adolescents and thus, was the
most suitable approach for the current research.

Method
Data was obtained from a sample of 21 adolescents,
aged 14-18. A recruitment email was sent to students
in grades 9 to 12 at an independent school in Ontario.
The recruitment email included a Microsoft Form
survey that was used to obtain demographic information and information about the romantic involvement
of students in the last 12 months (see Appendix 1).
The form also allowed individuals to indicate whether
they were interested in participating in an interview.
Out of a total of 124 responses, 35 individuals indicated that they would be willing to participate in interviews, though 5 were omitted due to inconsistencies in their survey data. The 30 individuals remaining
were categorized by their gender, grade level and the
type of relationship they had participated in in the last
12 months. For each grade level, there were 6 categories: (1) male, had been in a casual relationship in the
last 12 months, (2) male, had been in a serious relationship in the last 12 months, (3) female, had been
in a casual relationship in the last 12 months (4) female, had been in a serious relationship in the last 12
months (5) male, had been in neither a serious nor
causal relationship in the last 12 months, (6) female,
had been in neither a serious nor casual relationship
in the last 12 months. 21 candidates were randomly
selected from these categories for an interview.
The interview candidates chosen were contacted
through email and interviews were scheduled. Due to
pandemic restrictions, all interviews took place virtually over Microsoft Teams and Zoom. Participants
were asked a series of open-ended questions regarding their knowledge of, and attitude towards, various
types of relationships, the sources where they gained
knowledge about relationships, their past relationship
experiences, and their ideals for future relationships.
For most candidates, a total of 15 interview questions
were asked (see Appendix 2). Some interview questions were followed by smaller follow-up questions to
aid participants in formulating answers to questions.
Answers were documented by hand.

A few ethical concerns must be addressed: the most
pertinent was questioning minors about their sexual
activity. To subvert ethical issues, no interview questions explicitly asked adolescents about their sexual
activity. Rather, the wording of questions allowed adolescents to choose whether or not they discussed their
sexual activity. Moreover, participant’s responses were
anonymous, and they had the right to refuse to answer
a question they were uncomfortable with. After implementing the aforementioned mitigation measures,
the study was approved by the school’s Internal Ethics
Review Board.

Data Analysis and Discussion
Extrapolation of Generalized Theory #1
In order to discern whether or not adolescents
valued monogamy, I investigated the participants’
opinions of infidelity. All 21 participants, aged 14-18,
approximately 52% of whom were female and 48%
were male, believed that infidelity was atrocious. The
reasoning behind participants’ beliefs followed the
common theme that infidelity was morally wrong and
hurtful to the other romantic partner. The belief that
breaking the monogamous contract in a relationship
is hurtful and immoral demonstrates that adolescents
highly value monogamy in romantic relationships.
Twenty of these adolescents’ views surrounding infidelity were reflected in their behavior as they reported
that they had never been unfaithful to a romantic
partner. The twenty-first individual reported infidelity
in a past relationship, despite holding the same beliefs
as everyone else. Additionally, I analyzed individuals’ willingness to participate in CNM. Twenty participants stated that they were unwilling to participate
in CNM, with many of them scoffing at the idea of
polyamory. A common sentiment echoed among participants was that the one-on-one connection in monogamous relationships was “special” or “fulfilling.”
The adamant opposition to non-monogamy further
justifies the claim that adolescents believe monogamy
is an essential aspect of romantic relationships.
As mentioned in the literature review, a serious romantic relationship is generally defined as monogamous (Williams & Russel, 2013). This was confirmed
by the participants of the study as many of them
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named “exclusivity to one partner” as the main quality
of serious relationships. To understand the reasoning
as to why adolescents value monogamy, participants’
responses to the interview question “what was your
best relationship and why?” were analyzed. Specifically, I looked at the reason provided by students who
claimed their best relationship was a serious one. The
quality most frequently considered to be a favourable
aspect of serious romantic relationships was emotional support; therefore, it can be inferred that serious romantic relationships are preferable because of
the emotional support partners provide each other.
Having said that, this question only encompassed the
responses of participants who had been in serious
romantic relationships; thus, the theory developed
based only on this evidence would not necessarily be
applicable to all adolescents. In order to gather the
opinions of all participants, I examined what adolescents considered to be acts of infidelity. Nineteen
participants believed that infidelity meant having the
same emotional connection that is had with a romantic partner with someone other than a romantic
partner. As adolescents believe that violating the exclusivity of an emotional connection with someone is
cheating, and thus is hurtful, it is clear that the emotional connection between monogamous romantic
partners is something highly valued. Based on this,
I can conclude that the emotional support and connection is what makes serious romantic relationships
admirable amongst adolescents.

Extrapolation of Generalized Theory #2
To determine whether there is a connection between age and adolescents’ perceptions of monogamy,
adolescents’ responses to the question, “what is the
ideal relationship at your current age?” was investigated. Approximately 28% of participants stated that age
did not influence their romantic ideals. Among the
youth who believed that age was an influence, most of
them said casual relationships were ideal. These individuals either outright stated that casual relationships
were ideal or that the optimal choice was either “no
relationship or a casual one.” These responses seemed
contradictory to what they stated earlier in the interview regarding the importance of monogamy. In order to understand their choice, I questioned their reasoning. The primary reason students gave was that the

focus during adolescence should be self-exploration
and/or other life obligations (i.e. school); it was commonly stated that casual relationships, unlike serious
ones, are “low maintenance” and thus, do not distract
from these priorities. Even if casual relationships are
not distracting, abstaining from relationships would
likely require less attention than casual relationships,
making them the most optimal option for teenagers.
Yet, many people still considered casual relationships
the best option even when presented with the option
to have no relationship. Respondents’ answers to the
question, “what do you think a casual relationship is?”
provided a rationale for this choice. One of the most
frequently named qualities of casual relationships was
personal amusement. Thus, I was able to infer that
causal relationships are favored because they provide
brief enjoyments whilst allowing adolescents to pursue their ambitions. Their beliefs surrounding casual
relationships being more conducive to their current
priorities had no bearings on their beliefs surrounding monogamy in relationships in general.
Age not only had a profound impact on adolescents’ current romantic ideals, it also impacted their
romantic behavior. The survey revealed that of the 82
students who had engaged in a romantic relationship
in the last 12 months, 38% engaged in a serious romantic relationship while 62% had been in a casual
relationship; these findings indicate that adolescents
primarily engage in casual romantic relationships. Although this was true, when participants were asked
the question “what was the best relationship you ever
had” and “what was the worst relationship you ever
had” during interviews, most participants answered
that serious relationships were their best while casual
ones were their worst. The fact that youth primarily
engage in casual relationships, even though they consider them worse than serious ones, illustrates that
their romantic desires are superseded by their beliefs
about what the normative romantic activities are for
their age. Moreover, it shows that many adolescents
would assess their romantic relationships as “bad,”
potentially having implications for their future relationships by undermining the development of social
skills. These findings surrounding age and adolescent
romantic behavior were similar to the studies investigating the effect of age on college student’s romantic
behavior (Wilkins & Dalessandro, 2013; Olmstead et
al., 2017; Jonason, 2013).
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Extrapolation of Generalized
Theory #3

Summary of Findings

The majority of the prior literature states that females value monogamy more than males (Harknett &
Cranney, 2017; Willoughby, 2010; Byers et al., 2016).
Yet, there was no evidence of this in my study. When
determining whether adolescents value monogamy by
looking at the participants’ opinions on infidelity and
opinions of CNM, there was no indication of a difference between males and females.
Since there was no clear difference between females’ and males’ perceptions of monogamy based
on participants answers to interview questions, I followed the strategy used in Wilkins and Dalessandro
(2013), examining adolescent romantic behavior to
investigate their perceptions. Specifically, I compared
the number of causal relationships adolescents participated in to the number of serious relationships
they participated in. The analysis revealed that 54%
of female candidates engaged in more casual relationships than serious relationships and only 38% of
males engaged more causal relationships than serious
ones. The behavioural data illustrates that adolescent
females have a stronger preference for non-monogamous relationships than males. For males, the data
shows that they have an equal preference for both relationships as there was an equal percentage (38%) of
males who participated in more serious relationships
than casual ones.
These findings connected to gender contradict the
data in the prior literature which indicates that females
tend to have a stronger preference for monogamy than
males (Harknett & Cranney, 2017; Willoughby, 2010).
To decipher the reasoning for the difference in my
findings versus the findings in the prior literature, I
examined answers to the question “as a female, what is
the most frustrating thing about relationships?” Many
of the females in the study described past relationship
experiences where their male partners had expected
them to fulfill outdated stereotypes regarding female
behavior: submissive, caring for the male, etc. As
feminism continues to grow in contemporary Western culture, this behavior from males is increasingly
considered intolerable. Therefore, it is possible that females abstain from serious romantic relationships to
avoid sexist attitudes.

The interview responses were all coded using the
table in Appendix 3. Then, the coded interview responses were analyzed for trends, and the trends
identified were developed into themes. Finally, these
themes were used to derive the following generalized
theories regarding adolescent perceptions of monogamy:
Adolescents highly value monogamy in romantic
relationships; the emotional support and connection
between romantic partners in monogamous romantic
relationships are considered the most favourable characteristics of these relationships.
Although adolescents highly value monogamy in
general, they believe that they are too young to engage in monogamous relationships as it distracts from
their priorities such as self-exploration and other life
obligations; therefore, adolescents primarily engage in
casual romantic relationships as it provides personal
amusement without being distracting.
Males and females value monogamy (in general)
equally; however, at their current age, female adolescents have a stronger preference for casual relationships than males.

Limitations
There were several limitations to the study. One
limitation was the small sample size. The aim of this
study was to develop a generalized theory about adolescent perceptions of monogamy that is applicable to
the larger population of Canadian adolescents. Having a small sample size impedes the generalizability of the theoretical framework developed because
a small sample size is not an accurate representation
of the larger population of Canadian adolescents.
Future studies examining adolescent perceptions of
monogamy should look to examine larger groups of
students. Another limitation was that all participants
came from the same independent school. Independent schools tend to have a lack diversity in financial
backgrounds and thus, having all participants from
the same independent school limits the diversity in
perspectives of participants, impeding the generalizability of results. However, approximately 18% of
families at the independent school being examined
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are receiving financial aid; therefore, the student body
holds a multitude of financial backgrounds, providing
various viewpoints. Additionally, the student body
represents 40 different countries, indicating that there
are a variety of cultural backgrounds, further contributing to the diversity of viewpoints. The final limitation was the lack of younger participants. One of the
goals of the study was to investigate the link between
age and adolescents’ perceptions of monogamy. Most
participants of this study were ages 17-18; the lack of
diversity in the age of participants undermined the
generalizability of results. Future studies should focus
more on the perspective of younger adolescents.

Conclusion
The purpose of the current research was to determine whether monogamy is a feasible expectation for
adolescent romantic relationships. The research question which guided the study was, “What are Canadian
adolescents’ perceptions of monogamy?” The findings
of my study revealed that Canadian adolescents view
monogamy as an essential aspect of romantic relationships. They favour monogamous relationships because of the emotional support and connection they
provide. Despite valuing monogamy in general, adolescents believe that at their current stage in life, the
focus should be on self-exploration and other life obligations. Serious romantic relationships are considered high maintenance and are not conducive to their
priorities. Casual relationships, on the other hand, are
able to provide amusement while requiring little effort; therefore, casual relationships are the primary
romantic activity for adolescents. These findings were
consistent with the first two hypotheses I proposed.
Conversely, my findings surrounding the influence of
gender were contradictory to my hypothesis. While I
predicted that females would value monogamy more
than males, the interviews demonstrated that males
and females equally value monogamy in general;
however, at their current age, females had a greater
preference for non-monogamy than males. The study
also found that the primary sources where adolescents
learned about relationships were from their friends,
parents and media. Friends and media were the primary sources of knowledge about casual relationships. For serious relationships, youth primarily look

to their parents. Many regarded their parents as their
ideal serious relationships. Interestingly, those with
divorced parents did not negatively view monogamy.
In fact, many of them said that their parents served as
an example of what they did not want in a monogamous relationship.
Since adolescents are more focused on tasks other
than maintaining monogamous relationships, I conclude that monogamy is not a feasible expectation for
Canadian adolescent romantic relationships. Yet, since
youth consider monogamy to be the foundation of romantic relationships in general, they will likely engage
in monogamous relationships in the future. Having
said that, their ability to maintain these monogamous
relationships may be compromised. As mentioned
earlier, even though many adolescents consider casual
relationships to be worse than serious ones, they still
primarily participate in casual relationships. Consequently, they are constantly partaking in negative romantic experiences, undermining the development
of their social skills (Williams & Russel, 2013; Beckmeyer & Malacane, 2018; Willoughby, 2010; Harknett
& Cranney, 2017; Norona et al., 2017; Byers et al.,
2016; Xia et al., 2018; Deardorff & Suleiman, 2015).
The underdevelopment of social skills may lead to
poorer quality romantic relationships in adulthood.
To mitigate this, the Canadian health curriculum for
secondary should be modified to include information regarding casual relationships. Less than 15% of
individuals in my study reported learning about any
sort of romantic relationships from school, let alone
casual romantic relationships. Therefore, adjustments
must be made. First, the discussion of different types
of romantic relationships (including casual and polyamorous relationships) should be made a curriculum expectation. The curriculum currently discusses
romantic relationships under the broad category of
“intimate relationships” (Ontario Ministry of Education, 2015). Though this may prompt some teachers
to explain the different types of romantic relationships
that exist, there is no guarantee. Having it explicitly
stated as a curriculum expectation is more likely to
incite this discussion in the classroom. Additionally,
the skills needed to navigate these types of relationships effectively should be taught. While the curriculum does state that teachers should discuss the skills
needed to healthily navigate relationships, it is not a
targeted conversation (2015). Students are taught the
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general skills needed to navigate all relationships in
general, not specifying romantic ones (2015). Since
romantic relationships have wildly different dynamics than non-romantic ones, they should be discussed
separately. This is especially true for casual or polyamorous relationships. Future studies should investigate
further into polyamorous and casual relationships
among adolescents to provide greater insight into the
modifications that need to be made to the high school
curriculum.
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Appendix 2
How many serious relationships have you had?
Average time span between relationships?
How many casual relationships have you had?
Average time between relationships?
Could you describe your most recent serious relationship? (if applicable)
What were some of the activities you did together?
What were some of the things you used to fight
about?
Were you seeing anyone else while you were with
this person?
How did your relationship end? (if applicable)
Now I will be asking you a series of questions about
your most recent casual relationship (if applicable)
What was your arrangement with this person? (did
you go on dates? Purely physical?)
Did you decide upon the casual nature of the relationship mutually or did only one person decide?
What were some of the activities you did together?
Were you public about this relationship?
Did you ever fight with this person? About what?
How did your relationship end? (if applicable)
What do you think a serious relationship is?
What do you think a casual relationship is?
Who/what taught you about these relationships?
(friends, media, parents, school?)
Did your parent’s relationship influence it in any
way?
What was the best relationship you ever had? Why?
Did it change the way you see relationships?
What was the worst relationship you ever had?
Why?
Did it change the way you see relationships?
At your age, what is the ideal type of relationship (if
any) to be in? Why?
(if male) what is the most frustrating thing about
being a man in relationships? (if female) what is the
most frustrating thing about being a female in relationship?
While in a relationship, have you ever been attracted to someone outside of that relationship that was
directly around you? If so, what did you do about it?
What is your opinion on cheating/infidelity?

What constitutes cheating?
Do you ever see yourself getting married? Why or
why not?
Would you ever engage in a Consensual Non-Monogamy Relationship or Polyamory? Why or why not?
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Appendix 3
Code

Individual’s Responses

Number of serious vs. casual relationships
Activities of serious relationship
Reasons for fighting in serious relationships
Faithful to partner in serious relationship
End of serious relationship
Casual relationship arrangement
Activities of casual relationships
Reasons for fighting in casual relationship
End of casual relationship
Qualities of serious relationship
Qualities of casual relationship
Source of knowledge about relationship
Best relationship
Favourable qualities of serious/casual relationship
Worst relationship
Unfavourable qualities of serious/casual relationship
Past relationship experience affects standards of relationships
Ideal relationship qualities
Ideal relationship for age
Age effect on relationship perceptions
Gender norms affect on relationship
Attraction outside of relationship
Opinion on infidelity
Acts of infidelity
Opinion on marriage
Opinion on CNM
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Contributors
Tamara Ashkar is currently a 17 year old high
school junior enrolled in the AP Capstone
program. Through this program, Tamara was
able to conduct research that explored first and
second generation immigrants’ perceptions of the
American Dream. As a second generation Syrian
immigrant herself, she was glad she could use this
independent research opportunity to center the
voices of groups that she feels are so important to
our country and hopes she can continue conducting research in the future.
Jacob Buchan is an 18-year old high school student in grade 12 at Royal St. George’s College. He
is currently enrolled in the AP Research course in
the AP Capstone program.
Varun Chandrashekhar is currently a Junior at
DuPont Manual High School. Passionate about
Machine Learning, Data Science, and Electronics,
he has conducted several research projects
throughout middle and high school. Through
his research, he has built several devices to address societal issues. Being a three-time grand
prize winner at the Kentucky Junior Academy of
Science, Varun was invited to Washington to present his research among Nobel Laureates. Varun is
very passionate about using his ML and electronic skills to invent devices that would improve
healthcare technology. This year for his research
project he developed a speech aid that translates
thoughts into words (https://www.youtube.com/
watch?v=yEYzay7aeAY). For his research with
speech aids, Varun has placed second at a national
fair (JSHS) and has also been selected to present
his research at ISEF and AJAS.
Ainsley Gill is an incoming freshman at
Vanderbilt University double majoring in political
science and history.
Sydney Gray is a rising senior at Newark Charter
High School in Newark, DE. Her study was conducted for an AP level research class.

Taylor Hodan is a Grade 12 student at Appleby
College in Oakville, Ontario. Taylor completed
this paper as a part of the AP Capstone program at
Appleby College. Her main passions are computer
science, business, natural language processing, and
machine learning. She plans to study computer
science at the University of California, Berkeley
in the fall of 2021. In high school, she served as
the Academics Prefect and Co-President of the
Business Club.
Angel Huang is a Junior in the Discovery
magnet program at Spring Valley High School
in Columbia, SC. She completed research on
implant-associated infections and the use of alternative antimicrobial substances to treat them.
Pruedence Hughes is a grade 12 student at
Appleby College. She is very passionate about both
the sciences and the arts. She intends to study
Biochemistry in University.
Kiana Kazemi is an 11th grader in high school
who researched the decision-making and rationality of adults and teenagers in the Prisoner’s
Dilemma. She was initially intrigued by economic
game theory, but then wanted to take a closer look
at the complexities of behavioral game theory with
different age groups.
Jasmine Lau is a Grade 12 student at St. Clement’s
School in Toronto.
Joyce Li is a grade 12 AP Research student. In the
fall, she plans to major in journalism and social &
cultural analysis at NYU, where she will continue to pursue research as a Presidential Honors
Scholar.
Lucas Livingston is a Grade 12 student at Royal
St. George’s College. He has a keen interest in
soccer and research and will be attending King’s
College Halifax this Fall.
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Robert Livingston is a member of the graduating class of 2021 at Columbus High School in
Columbus, Georgia. He has played for his high
school soccer team for four years, and he is a
member of National Honor Society, Mu Alpha
Theta Math Honor Society, and the National
English Honor Society. He is an AP Capstone
Scholar and a recipient of the Zell Miller
Scholarship. He will be attending the University
of Georgia, where he has been accepted into their
Honors Program.
Sage Mehta is a rising Senior at Carmel High
School in Carmel, Indiana. In recent years, she
has become increasingly interested in American
politics and, in accordance, set out to determine
whether her generation was to be politically distinct from past ones.
Samitha Nemirajaiah is a junior in High school.
She is passionate about science and clinical
research. Her research interests are in the areas of
clinical research, rare diseases, FDA drug approvals, and drug development. She is a voracious
bibliophile and likes to bake during her free time.
Bettina Wagner is a student researcher in the field
of neuroscience, and hopes to increase awareness
and knowledge regarding cognitive processing
in general, and sensory processing sensitivity in
particular.
Henry Xie is finishing his last year at Appleby
College and plans to pursue a bachelor of science
degree at McGill University. He is particularly
interested in psychology and psychopathology
and strives to increase his understanding of these
topics. In the future, he hopes to continue his
research on adolescent brain development and add
to the current literature on the topic.
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Faculty and Advisors to Contributors
Kenneth J. Broda is a Social Studies teacher
at Columbus High School in Columbus, GA.
Columbus High School is a college preparatory Liberal Arts Magnet Program that has been
ranked as one of the top schools in Georgia and
the nation in recent years. Currently, he teaches
AP Research and AP Macroeconomics, and he
has also taught AP US Government and Politics
for 16 years. Mr. Broda has taught for 29 years,
with 25 of them being at Columbus High School.
Beyond teaching in the normal classroom, Mr.
Broda taught 4 years in Georgia’s Governor’s
Honors Program, worked at the AP read for US
Government and Politics and Macroeconomics
as a reader/table leader for a combined 18 years,
and has been an AP workshop presenter for the
Georgia Department of Education for 7 years. He
received a B.A. from the University of Virginia
and a M.Ed. from Columbus State University.
Mr. Broda has spent his career teaching students
about the humanities and how to reach their full
academic and personal potential.
Clay Dion is an AP Capstone teacher at Appleby
College, teaching both AP Seminar and AP
Research in addition to senior school English
classes. He is also the Coordinator of the school’s
Centennial Scholarship programme. He holds
a Master’s Degree in English Literature from
Western University as well as undergraduate degrees in both English (Western) and Mathematics
(Waterloo). Before coming to Appleby, he was a
sessional instructor, teaching courses in poetry
and 18th Century Literature at Western University
and delivered papers at various conferences, including a paper at Princeton University about the
influence of Einstein’s theories on the Beat poets.
Janet Kurusanather is an AP Capstone and
English teacher at Appleby College. She holds a
BA (Hons.), BEd (Hons.), and Master’s degree
from York University, graduating from each
programme as a Member of the Dean’s Honour
Roll. Her Master’s research was awarded the

Joseph-Armand Bombardier Canada Graduate
Scholarship from the Social Sciences and
Humanities Research Council of Canada
(SSHRC). Presently, Janet is a third-year PhD
student at the University of Toronto. Her research
interests include ethical philosophy and antioppressive education.
Matthew Lohman is an educator at Newark
Charter High School in Newark, Delaware. He
has taught a variety of high school English courses
since 2002, including AP English Language and
Composition for the past 14 years. In 2015, he
helped to develop the AP Capstone curriculum at
Newark Charter High School, the first school in
Delaware to implement the AP Capstone program. He has taught AP Seminar since 2015 and
AP Research since 2016, taking great pride in his
students’ laudable success and tremendous growth
as writers, researchers, and critical thinkers. He
holds a BSEd. in English from West Chester
University and a Master’s degree in education
from the University of Delaware.
Daniel Olivo teaches AP Seminar, AP Research,
and AP Biology at Bergen County Technical High
School in Teterboro, New Jersey. He works with
his Capstone co-teachers, Jonathan Lancaster
and Matthew Dalzell, to foster classroom communities that create genuine curiosity, communal
collaboration, and individual accountability.
As their research program evolves, they seek to
continue building their students’ research skills
and expanding the presence of student-centered
original research in their community. Daniel sees
the skills developed during the research process
as critical tools to student empowerment and personal discovery. He holds a degree in Biology and
a master’s degree in Science Education.
Shannon Roos is an English and AP Capstone
teacher and an instructional coach at Hampton
High School in Pennsylvania. She holds a bachelor’s degree in English and secondary education
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from Carlow University and her master’s degree in
instructional technology from Wilkes University.
Through her teaching and coaching she strives to
help students see themselves as problem solvers
who can face challenges with curiosity and confidence. She looks forward to continuing to support
these ideas in the AP Research course.
Matthew Phillips teaches AP Capstone and
Social Science and is a Blended Learning Lead
at Havergal College in Toronto, Ontario. Before
moving to Ontario in 2018 he taught Social
Science for 11 years in New South Wales,
Australia. He has worked as a marker and judge
of assessment standards for the New South Wales
Education Standards Authority. Matthew has
presented his work in various contexts, including
for the Society and Culture Association of NSW.
He holds a BEd (First Class Honours) and Masters
degree from the University of Sydney.
Sarah Prather is a high school English teacher at
Kingwood High School. She teaches AP English
Language as well as AP Seminar and AP Research.
She has been teaching for 11 years and earned her
bachelor’s degree from Calvin University in Grand
Rapids, Michigan.

Tonya Sukhu is an AP Research and US History
teacher at Seven Lakes High School in Katy, TX.
She holds a BA in History from The University
of Texas at Austin and a MA in History from The
University of Texas-Pan American (now UTRGV).
She enjoys seeing her students engage in research
and actively implements research elements no
matter what class she teaches.
Alesia Williams is a Louisville native. She studied
art history at Berea College and the University
of Cincinnati. She earned her MAT in English
from Spalding University. She has been teaching
at duPont Manual High School for 18 years and
currently teaches AP Research and AP English
Language and Composition. Her primary goal in
each class is to prepare students for the challenges
of a rigorous college experience with focus on
academic writing and research. She received the
ExCEL Award in 2012.
					

Michelle Spigner has been teaching at Spring
Valley High School for 18 years. Currently,
Michelle teaches Advanced Placement (AP)
Biology, AP Research and Research II. She is
passionate about teaching and enjoys the opportunity each year to meet and teach a new
generation of potential future scientists and
researchers! Michelle has a B.S. in Biology and an
M.A.T. in Natural Science from the University of
South Carolina. She is National Board Certified
in adolescent and young adult science, and she is
licensed to teach biology, chemistry, and physics. Michelle holds additional certifications in
AP Biology, AP Research and gifted and talented
education. Michelle is currently pursuing her
Ed.D. in Educational Practice and Innovation
with a concentration in STEM studies from the
University of South Carolina.
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Suzanne Conklin
Akbari
BA, MA, MPhil,
PhD

Becky Bakhshaei
BSc, MSc, Dip.
Chem Lab
Technology
David Baldesarra
B.Sc., M.Eng,.
P.Eng.

Barrie Bennett
BPE, MEd, PhD

Suzanne Conklin Akbari is professor of English and Medieval Studies at the
University of Toronto, and was educated at Johns Hopkins and Columbia. Her
research focuses on the intersection of English and Comparative Literature with
intellectual history and philosophy, ranging from neo-platonism and science in the
twelfth century to national identity and religious conflict in the fifteenth century.
Akbari’s books are on optics and allegory (Seeing Through the Veil), European views
of Islam and the Orient (Idols in the East), and travel literature (Marco Polo); she
is currently at work on Small Change: Metaphor and Metamorphosis in Chaucer
and Christine de Pizan. She is volume editor for the Norton Anthology of World
Literature (Volume B: 100-1500), co-editor of the Norton Anthology of Western
Literature, and editor of The Oxford Handbook to Chaucer. She has begun a new
research project called The Shape of Time, contrasting the temporal breaks found in
medieval chronicle traditions with poetic narrations of the historical past. Akbari
is cross-appointed to the following units at the University of Toronto: Centre for
Medieval Studies; Centre for Comparative Literature; Centre for Jewish Studies;
Department of Near and Middle Eastern Civilizations; Centre for Reformation and
Renaissance Studies.
Becky Bakhshaei is a professional R & D chemist. She earned a master’s degree in
organic chemistry, an undergraduate degree in biochemical and pharmaceutical
chemistry, and a diploma in chemical laboratory technology.
David Baldasarra is a professional engineer with experience in structural failure
cause analysis; assessment of property damage related to fire, explosion, vibration,
ground movement, wind load, snow load, vehicle impact, fallen tree impact, and
water (moisture) infiltration; analysis of building science and building envelope
deficiencies/failures; structural design for the new construction and retrofit of
buildings and miscellaneous, and structures, including design of structural steel,
reinforced concrete and engineered wood, among other areas of expertise.
Barrie Bennett is professor emeritus at the Ontario Institute for Studies in
Education at the University of Toronto (OISE/UT). His research work focuses
primarily on the design of powerful learning environments for students and teachers through the process of systemic change. He is currently working in districts
in three countries on long-term projects related to instructional intelligence and
systemic change (Australia, Ireland and Canada). Instructional intelligence involves
intersecting the current research on curriculum, assessment, and instruction guided
by what is known about how students and teachers learn. That intersection being
driven by what is known about change and systemic change. He also assists teachers, schools, and districts with issues related to classroom management and school
wide-discipline. Barrie has taught at the elementary and secondary levels, as well as,
having worked in group homes, prisons, and security units for juvenile offenders.
He has written six books: Cooperative Learning: Where Heart Meet Mind; Classroom
Management: A Thinking and Caring Approach; Beyond Monet: The Artful Science of
Instructional Integration; Graphic Intelligence: Playing With Possibilities and most recently Power Plays. Currently he is just finishing a text titled, Effective Group Work:
Beyond Cooperative Learning.
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Jeremy B. Caplan
ScB, PhD

Nathan Chow
BSc, Msc, BEd
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BSc, MSc, MD, PhD,
FRCPC

Will Fripp
BA, MA

Anthony Campbell established Grow for Good Urban Teaching Farm in 2013 as a
business model innovation laboratory and learning centre for young entrepreneurs.
He spent time working throughout North America, Europe, Australia, Asia and now
resides in his hometown of Toronto. Examples of Anthony’s work are documented
in The Innovator’s Field Guide (2014), co-authored by David Crosswhite and Peter
Skarzynski, as well as multiple Harvard Business School and Corporate Executive
Board case studies chronicling the innovation and capability-building efforts of
companies such as Samsung, Whirlpool, Best Buy and McDonald’s. Previously,
Anthony taught Film Studies, Writing and English Literature at The University of
Western Ontario.
Jeremy Caplan is an Associate Professor in the Psychology Department at the
University of Alberta, where he is also the Principal Investigator at the University of
Alberta Computational Memory Lab. The lab is focused on human verbal memory
behaviour and its basis in cognitive and neural processes. The team takes several
approaches towards research, including mathematical modeling, measures of behaviour in the cognitive psychology tradition, and measures of brain activity using
electroencephalography (event-related potentials and oscillations) and functional
magnetic resonance imaging. He has been a referee for 38 academic journals.
Nathan Chow teaches Physical Sciences at Royal St. George’s College (RSGC) in
Toronto and consults on educational material at Perimeter Institute for Theoretical
Physics in Waterloo. He has worked with Ontario’s Ministry of Education to develop
research-based teaching resources for Physics teachers within the province and
across the rest of Canada. His academic research explored whether or not we understand how gravity behaves at intergalactic distances and provided possible explanations for our observations of dark energy. He has presented this research and led
teacher training workshops around the world. In addition to AP Physics 1 and C, he
teaches the AP Capstone Research course at RSGC.
Dr. Clarke is the director of Pain Services and the medical director of the Pain
Research Unit at the Toronto General Hospital. He is appointed to the Institute of
Medical Sciences at the University of Toronto and is a graduate of the Royal College
Clinician Scientist Program. His research interests include identifying novel acute
pain treatments following major surgery, identifying the factors involved in the
transition of acute postsurgical pain to chronic pain, studying the genetics of acute
and chronic pain after surgery, and identifying risk factors associated with continued opioid use and poor health related quality of life after major surgery as well as
the efficacy of hyperbaric medicine. Over the past five years he has authored 47 peer
reviewed manuscripts.
Will Fripp is a public affairs and political risk analyst for Canadian and international clients. A B.A. in History and Political Science from Victoria University at the
University of Toronto and an M.A. in Intelligence and International Relations from
the University of Salford in Manchester, England, he is a historian specializing in
intelligence and espionage, and its modern influences. Will anchored www.spiesintheshadows.com, a web based curriculum outlining Canadian foreign intelligence
history and its impacts on Canada’s national development. An occasional lecturer,
Will’s writings and review articles appear in peer-reviewed academic journals like
Intelligence and National Security, and elsewhere.
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BA, BEd, MA
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BSc, MSc, MPH,
MD, FRCPC

Ted Higginbotham
BSc, MSc
(Candidate)

Tim Hutton
BA, MLIS

Michael Gemar received undergraduate degrees in Psychology and Philosophy
from Rice University, and a PhD in experimental psychology from the University
of Toronto. He has worked as a researcher at the Centre for Addiction and Mental
Health, examining the cognitive and neural correlates of mood disorders, and was
involved in a landmark study demonstrating the efficacy of mindfulness meditation to prevent depressive relapse. He has co-authored numerous journal articles,
and taught for over a decade at U of T. More recently, he has worked in the area of
health policy, and is currently at a Canadian non-profit.
Jennifer Goldberg holds an M.A. in History from the University of Toronto. Her
graduate studies focused on teacher misconduct in 19th century Ontario, and her
research is published in Historical Studies in Education. She currently leads the
English department and teaches at Havergal College, where she has also served as
Chair of Teaching and Learning. In this capacity, she has explored the role of feedback in student learning, and has presented on this work at the National Coalition
of Girls’ Schools and Conference of Independent Teachers of English.
Margaret Herridge is a Professor of Medicine and Senior Scientist at the University
of Toronto. She is also a senior clinician in Critical Care and Respiratory medicine
at University Health Network. Her research focus is on long-term outcomes after
critical illness for patients and families and specifically on functional, neuropsychological, healthcare utilization and quality of life metrics. Her graduate studies
were in Cell and Molecular Biology at Queen’s University where she subsequently
obtained her degree in Medicine. After completing her clinical training in Internal
Medicine/Respirology and Critical Care at the University of Toronto, she obtained
her Master of Public Health in Epidemiology and Statistics from the Harvard School
of Public Health.
Ted Higginbotham is a graduate student at The University of Toronto and Hospital
for Sick Children. His research is focused on further delineating the role of genomic
structural variation in autism spectrum disorder and human disease. Ted is a
contributing member of the Clinical Genome Resource (ClinGen), an international
consortium working to define the clinical relevance of genes for use in precision
medicine and translational research.
Tim Hutton is a teacher-librarian at Royal St. George’s College. He has a BA in
History and American Studies from the University of Toronto and a Masters in
Library and Information Science from San Jose State University. At the secondary
level, he has taught courses in the social sciences, humanities and communications
technology, including a locally designed interdisciplinary course in urban studies.
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Ira Jacobs
Dip Phys Ed, MHK,
DrMedSc

Professor Ira Jacobs became dean of the Faculty of Kinesiology & Physical
Education at the University of Toronto on July 1, 2010, and was re-appointed to his
current second decanal term. Before assuming this role, Jacobs was chair of York
University’s School of Kinesiology and Health Science from 2007 until 2010, and a
federal government scientist from 1982 until 2007.
Jacobs earned his doctorate in clinical physiology from Sweden’s Karolinska
Institute, where he specialized in skeletal muscle metabolism. For the next 25 years,
he did extensive exercise physiology research in Canada’s human sciences laboratory, operated by the Department of National Defence. There, Jacobs rose to the position of chief scientist and led a unique international research group that helped to
enhance the performance of military special operations units through their research
into physiological, nutritional and pharmacological strategies.
He is a past president of the Canadian Society for Exercise Physiology and
the Canadian Council of University Physical Education and Kinesiology
Administrators. He is a fellow of the American College of Sports Medicine, an international fellow of the US National Academy of Kinesiology, and in 2016, he was
named a Fellow of the Canadian Academy of Health Sciences.
Jacobs’ research has led to the publication of more than 200 scientific articles,
reports and book chapters about his research interests that include the physiological
responses to physical exertion in environmental extremes, performance enhancement through pharmacological and nutritional manipulation of metabolism, and
exercise pharmacology.
During his term as dean, the Faculty of Kinesiology & Physical Education has been
rated as among the top academic programs in the world for kinesiology, physical
education, sport and exercise sciences.

John Lambersky
BA, MA, BEd, PhD

Blake Lee-Whiting
BA, MPP

John Lambersky is a teacher and head of the Canadian and World Studies department at Royal St. George’s College in Toronto, where he leads the AP Capstone
program. He has presented his work on teaching practice at the conferences of
the International Boys’ School Coalition, the National Association of Independent
Schools, and the Canadian Accredited Independent Schools. His academic research
is focused on school culture as a mechanism for school improvement. His work has
been featured in Leadership and Policy in Schools, The Dalhousie Review, and The
Nashawaak Review.
Blake Lee-Whiting is a third year PhD student in the Department of Political
Science at the University of Toronto. He received his BA from Queen’s University
and his MPP from the University of Toronto. He is interested in Canadian politics,
public policy, and electoral politics. He is a member of the Policy, Elections, &
Representation Lab at the Munk School of Global Affairs & Public Policy where he
is currently working on projects related to the health of politicians, electoral success,
and electoral candidacy.
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BA, MA, PhD

Gaven MacDonald
BSc, BEd

Jaime Malic
BA (Hons), MA,
BEd, PhD

William J.
McCausland
BASc, MEng, MA,
PhD

Matt Mooney
BA (Hons), BEd

Gurbir Perhar
BSc, PhD

Lori Loeb is Associate Professor of Modern British history at the University of
Toronto. She has a Masters in Museum Studies and a PhD in History. A specialist in the Victorian period, she is the author of Consuming Angels: Advertising and
Victorian Women. Generally, she writes about things in nineteenth-century Britain.
A past Deputy Chair and Associate Chair (Graduate) of the History Department,
she is currently MA Coordinator. She teaches courses in nineteenth and twentiethcentury British history, Victorian material culture and the English country house.
Gaven MacDonald is a Physics and Mathematics teacher at Havergal College, where
he is the faculty advisor for the Robotics Team. He is a member of the school’s
Blended Learning Team, which focuses on developing methods to combine online
education resources with in-person classroom teaching. Gaven has designed physics
simulations on the website www.cutequbit.com, that teachers can use to assist with
their teaching, or to make individualized student assessments. Gaven also runs an
educational YouTube channel which focuses on electronics and programming.
Jaime Malic completed her PhD in Educational Leadership and Policy at the
Ontario Institute for Studies in Education at the University of Toronto; her research
focused on leadership values and practices in independent schools in Ontario.
Jaime has fifteen years of experience as an educator in both independent and public
schools. She currently teaches both AP Capstone Seminar and AP Research, as well
as senior English courses at St. Clement’s School. Jaime has served as a Reader for
AP Capstone Seminar, written for Independent Teacher and Independent Ideas, and
presented on various topics at the American Educational Research Association’s
Annual Conference, the Conference of Independent Teachers of English Annual
Conference, the Ontario Advanced Placement Administration Conference, and the
Advanced Placement Annual Conference.
William McCausland is an associate professor of economics at the Université de
Montréal. His research applies Bayesian statistical methods in two main areas.
The first is discrete choice, at the interface of economics and psychology, where
researchers study how people make choices from a small menu of available options.
The second is time series modelling in economics, which has many applications
in macroeconomics and financial economics. His undergraduate studies were in
Engineering and he received his Ph.D. degree in economics from the University of
Minnesota.
Matt Mooney is currently a secondary teacher in the Canadian & World Studies
department at Royal St. George’s College in Toronto, where he also serves on the
Excellence in Teaching and Learning Committee. Matt earned an Honours BA from
The University of Toronto, with a double major in History and Geography, and his
Bachelor of Education from the Ontario Institute for Studies in Education. He has
been teaching in Ontario since 2011 and has experience with curriculum development, such as his work on the Education Committee for Magna Carta Canada.
Since 2019, Matt has helped to oversee The Young Researcher.
Gurbir Perhar received his academic training at the University of Toronto. His
Doctoral work focused on mathematically modelling the transmission of highly
unsaturated fatty acids in aquatic food chains, culminating in a suite of cybernetic
models. His post-doc work saw him consulting for the governments of Canada,
USA, South Africa, and China. These days Gurbir runs the Data Intelligence strategy in a multi-billion dollar corporation.
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Kate Schumaker
MSW, PhD

Eva Serhal
BA, MBA, PhD

Michael Simmonds
BPE, M.A., Dip.Ed.,
MEd, EdD

Sydney Stoyan
B.A, M.A., Ph.D.

Kate Schumaker is the Manager of Quality Assurance & Outcome Measurement at
the Catholic Children’s Aid Society of Toronto, and holds the position of Assistant
Professor (status only) at the Factor Inwentash Faculty of Social Work, University
of Toronto. She has worked for over 20 years in child welfare and children’s mental
health, including front-line clinical positions and 10 years producing and implementing child welfare policy for the provincial government. In 2011-12 she worked
for the Commission to Promote Sustainable Child Welfare, supporting accountability framework development, including the establishment of a set of standardized
performance indicators for the child welfare sector in Ontario. Her areas of practice
and research interest include poverty, child neglect, trauma-informed practice, child
welfare decision-making, and evidence-informed policy and practice.
Eva Serhal is the Director of Virtual Mental Health and Outreach at the Centre
for Addiction and Mental Health in Ontario, Canada and Director of the ECHO
Ontario Superhub, a collaboration between CAMH and UHN that provides training and implementation support to new ECHO telementoring projects throughout
Canada. Eva completed a PhD in Health Services Research at the University of
Toronto, with a focus on outcomes and evaluation in virtual models of healthcare.
Eva’s current research assesses the implementation, adoption and economic factors
of virtual care in Ontario. Eva also has significant experience with leadership and
governance; she currently co-chairs the Toronto Telemedicine Collaborative and sits
as a board member of the Children’s Aid Society of Toronto.
Michael Simmonds has worked in independent schools for over two decades. He
taught science, biology, chemistry, physics, and math before becoming an administrator and Head of School. He earned graduate degrees from both McGill
and Columbia universities respectively before receiving his doctorate from the
University of British Columbia in Educational Policy & Leadership. His work on
accountability synopticism is published in the peer-reviewed, The International
Education Journal: Comparative Perspectives. He currently works at Havergal
College as the VP School Life, Operations & Student Wellness.
Sydney Stoyan holds a B.A. in French Literature from the University of Toronto,
and an M.A. and a Ph.D in English Literature from the University of Ottawa. Her
doctoral thesis, “The Widow’s Might: Law and the Widow in British Fiction, 16891792,” won the Governor General’s Gold Medal for the Arts in 2002. She has since
written freelance and worked as an editor for various publications and projects.
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Alumni Editors
Nicholas Bethlenfalvy is a fourth-year student attending Trinity College at the University of
Toronto. He graduated from Royal St. George’s College in 2018 after studying under the twoyear AP Capstone program. In AP Research, he analyzed the root causes of rising pedestrian fatalities in Toronto. After taking the Ethics, Society and Law stream in the Margaret
MacMillan Trinity One Program, Nicholas continues to pursue an undergraduate degree in
Economics and American Studies at the Munk School of Global Affairs and Public Policy.
Ryan Hamilton is a specialist in history at the University of Toronto. He is also studying
Peace, Conflict and Justice at the Trudeau Centre at the Munk School of Global Affairs
and Public Policy, where he served as Academic Director for the PCJ student society for
the 2020-21 academic year. In that role, he helped lead production of the 2020 and 2021
Rapoport journals of student work relating to Peace, Conflict and Justice. He is a research
assistant for Prof. Dimitry Anastakis, focusing on the rise of free trade and neoliberalism. He is a graduate of the Pearson Stream of the Vic One program at Victoria College.
He is also a graduate of the AP Capstone program at Royal St. George’s College, where his
research focused on a Canadian battalion in the First World War.
William Howard-Waddingham is a rising senior at Yale University studying political
science. He works as a research and writing intern at Renew Democracy Initiative, a nonprofit organization that seeks to defend and spread liberal democracy in the United States
and across the world, and as a research assistant at the Yale Law School’s Schell Center
for International Human Rights. William also runs the Europe desk at the Yale Review of
International Studies. He graduated from RSGC in 2018, and The Young Researcher published his AP Research study, “Race, wrongful convictions, and Texas: An analysis of the
impact of juror and defendant ethnicity on wrongful convictions in Texas” in the summer of
that year.
Andrew Pyper is a rising fourth-year undergraduate at the University of Chicago, majoring
in economics and political science. He graduated from Royal St. George’s College in 2018,
where he completed the AP Capstone program. His AP Research paper, published in The
Young Researcher, examined RSGC students’ perceptions of the school’s implementation of
formative assessment. At UChicago, he continues his education work by advising local high
school students on the university application process, he has researched suicide attacks for
the Chicago Project on Security and Threats, and he formulated monetary policy for competitions held by the U.S. Federal Reserve. He currently analyzes global financial markets as an
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