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ABSTRACT

The brain derived neurotrophic factor (BDNF) gene encodes for the BDNF
protein that is essential for the development of the central nervous system. The BDNF
gene consists of a common single nucleotide polymorphism (SNP) that produces an
amino acid substitution (valine/Val to methionine/Met) which has been shown to have
significant morphological effects, with the Met genotype SNP showing lower
hippocampal volume and enhanced encoding of negative word feedback, consequently
affecting negative emotional memory regulation. Stereotype threat (ST), defined as
being at risk of confirming a negative stereotype about one’s group, has been shown to
negatively affect performance on math tasks in women. Women in a stressful
stereotype threatening condition (i.e., under the impression that men are better than
women at math) performed worse on a math task than participants overall. These
findings suggest a link between genetic predispositions and environmental factors that
engender stress among stigmatized individuals.- Given that Met allele carriers encode
negative feedback more regularly than Val allele carriers, Met carriers may be more
affected by stressful stereotype threatening contexts. STEM-identifying women in the
traditionally male dominated STEM environment may already be susceptible to
identity threat. This identity threat effect may be exacerbated by the Met allele SNP.
The hypothesis of this study was to examine the modulatory effects of BDNF SNP on
the gender distribution in the STEM field. Specifically, women with the Met SNP may
experience more negative encoding of stereotype threatening situations in the STEM
field. Over time, this may be a contributing factor to the amount of women holding

positions in the STEM field.
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This hypothesis was tested via three levels of analyses; regional, national, and
global, that used BDNF data and STEM occupation data to probe for a possible effect
from SNP differences. The regional study from our lab did not reveal an effect;
however, national and global analyses revealed that as the Val/\VVal SNP increases in a
population, the number of individuals in STEM fields increases. This interaction was
stronger specifically for women in the global study.

The results of these analyses point to a relationship between the Val/VVal SNP
type and an increasing number of individuals in the STEM workforce, with the
relationship being the strongest for women in our global study. This observed
relationship highlights the gender differences within STEM. Mitigating the stereotype
threat in the STEM workforce in areas where there is less of a VVal/Val distribution

may contribute to equal gender representation in the STEM workforce.



Chapter 1
INTRODUCTION

1.1 Stereotype Threat

Although there has been great improvement over the past 50 years, women
are still vastly underrepresented in the STEM domain. For example, women make up
47% of jobs in the US, yet they only fill 24% of STEM jobs (Noonan, 2017). A well-
studied phenomenon offering an explanation for women’s avoidance of STEM is
stereotype threat. Stereotype threat (ST) is defined as being at risk of confirming, as
self-characteristic, a negative stereotype about one’s group. This phenomenon was
first proposed by Steele and Aronson in 1995. In their seminal study, Steele and
Aronson (1995) tested whether emphasizing African American college students’ race
prior to taking an exam of academic ability would impact performance (Steele &
Aronson, 1995). Steele and Aronson’s results confirmed their hypotheses: when the
role of race was emphasized before a test that was supposedly diagnostic of their
intelligence, African American students performed worse than white students.
However, when the role of race was not emphasized on a test that supposedly was not
diagnostic of intelligence, African Americans and Caucasian students performed
equally well.

In a 1999 study (Spencer et al., 1999), the concept of ST was applied to the
gender/math stereotype (i.e. men are better than women at math). Although men and
women often perform equally well on math tasks, women perform worse than men

when their gender is primed, the math task is complex (Lindberg et al., 2010) and



when the task is framed as diagnostic of mathematical ability. Spencer and colleagues
(1999) used men and women from an introductory psychology course pool at the
University of Michigan, ensuring that the participants were equally qualified in their
math ability. Additionally, participants needed to strongly agree with statements “I am
good at math” and “it is important to me that [ am good at math”, demonstrating that
they identify with math to a large extent (Spencer et al., 1999). The students were
given a series of difficult questions from the GRE exam.

Participants were randomly assigned to two conditions: one condition told the
participants that there were gender differences in math ability, and the second
condition told the participants that there were not gender differences in math ability.
Women who were told that there were gender differences in math ability showed a
significant decrease in performance on the test. By making the women consciously
aware of a negative group stereotype, their performance was negatively affected.

Importantly, later studies revealed that ST contexts may be inherently stressful
and that this stress alters memory encoding processes specifically (which possibly
mediates the ST effect itself; Schmader, Johns, Forbes, 2008; Forbes et al., 2015;
Forbes et. al, 2018). For example, a 2018 EEG study gave moderately math-identified
men and women multiple choice multiplication and division problems to solve. The
participants were assigned to one of two conditions; they were told that their score on
the math test was diagnostic of their mathematical ability (DMT/threat) or they were
told that it was a problem-solving task (PST/control). In both conditions, participants
had 16 seconds to solve problems and were given immediate, veridical feedback on
their answers. Participants saw either the word “correct” or “wrong” in novel fonts

that stayed on the screen for 2 seconds. After this task, participants were given a



surprise memory test which assessed how well they remembered the various
font/feedback combinations they saw.

Results showed that women in the DMT condition performed worse on the
math task compared to everyone else overall, replicating the traditional ST effect.
Interestingly, the memory test results showed that all participants on average encoded
negative feedback more accurately than positive feedback. Using the EEG data
collected during the task, however, Forbes et al. found evidence that only women in
the DMT condition encoded negative feedback through an emotional memory neural
network. Among DMT women, an indirect relationship was found between amygdala
activity (operationalized as a startle response and the harbinger of emotional memory
processes) and more accurately encoded negative feedback that was mediated by
higher connectivity (i.e., greater communication) in an a priori defined emotional
memory network of the brain. This relationship also predicted women’s decreased
perceptions of ability in relation to their math peers, and importance of the math
domain. Thus, to the extent ST contexts are stressful, these findings suggest that
memories for these experiences may be altered at a fundamental level to alter
perceptions of competency and relevance in the math domain.

These findings also dovetail nicely with basic research on stress and memory
encoding as it pertains to the brain. When an individual is placed in a stressful
situation, the body and brain physiologically react in a very stereotypic manner.
Amygdala activity increases, cardiac output increases (Mendes et. al, 2002), and
cortisol levels rise in synchrony via the hypothalamic-pituitary-adrenal (HPA) axis.
This stress response has been shown to negatively affect working memory

performance (Elzinga & Roelofs, 2005), and it also appears crucial in facilitating



encoding of more negative, emotionally arousing and enduring memories of the
stressful experience (McEwan, 1998). Though this can be an adaptive response in the
short-term, to the extent women in ST contexts experience this stress response in the
aggregate and over time, it suggests these women may develop more negative
perceptions and associations with math domains that are mediated by the accrual of
more negatively arousing, enduring math-based memories in threatening math
contexts (e.g., in situations where they are simply outnumbered by men; Inzlicht &
Ben-Zeev, 2000).

Based on these studies, amygdala-based affect and arousal appear to play an
important role in how memories and subsequent domain perceptions are forged in
stressful contexts like ST contexts. This suggests that differences in the ability to
regulate amygdala activity and thus stress may actually modulate the extent to which
stressed individuals forge more negative emotional memories in stressful contexts.
One such difference may arise via a neurotrophic protein known as brain derived

neurotrophic factor, a topic we turn to next.

1.2 BDNF Genotype and its Effects on Memory

Brain derived neurotrophic factor (BDNF), a part of the neurotrophic protein
family, is a protein that is essential for the development of the central nervous system,
having a particularly large role in neuronal plasticity. BDNF acts by strengthening
excitatory synapses and weakening inhibitory synapses (Binder & Scharfman, 2004).
The BDNF gene consists of a common single nucleotide polymorphism (SNP) located
at nucleotide 196, which produces an amino acid substitution from valine to
methionine at codon 66 (Val66Met; Egan et al. 2003). This small substitution in the

BDNF gene has been shown to have significant morphological effects, including



lower hippocampal volume in the Met genotype (Molendijk et. al, 2012). BDNF SNPs
appear to have a significant role in hippocampal memory encoding. For instance, one
fMRI study found that the interaction between the BDNF genotype and the
hippocampal response during encoding accounted for 25% of the total variation in
recognition memory performance (Hariri et. al, 2003). Importantly, compared to
individuals with the Val/Val SNP, individuals with the Met allele exhibited
diminished hippocampal engagement during the encoding and retrieval process. Given
their reduced ability to regulate emotion, this suggests that Met carriers may be
particularly prone to being influenced by emotional memories.

Particularly relevant to women encoding negative feedback in stressful STEM
contexts, different BDNF SNPs have been shown to predict encoding of negative
feedback specifically. One study using structural and fMRI presented participants with
neutral, positive, and negative words. They found that subjects with the Met allele
showed increased hippocampal encoding activation of negative words relative to
neutral words and compared to subjects with the Val/\VVal homozygous allele
(Molendijk et. al, 2012).

Importantly, individuals with Met/Met and Met/Val genotypes have also been
shown to have impaired extinction learning, the mechanism by which one learns to
decrease the fear response to an aversive conditioned stimulus. A study observing the
effect of BDNF polymorphism type on extinction learning found significant
differences for polymorphism type in both mouse models and humans (Soliman et. al
2010). They found that, in both mice and humans, extinction learning was impaired in
Met allele carriers relative to non-Met allele carriers. In humans, this meant that Met

allele carriers took longer to perceive a neutral cue as a non-aversive threat.



In addition, Soliman and colleagues used MRI to observe the neuroanatomical
activity during fear conditioning and extinction. They found that the ventromedial
prefrontal cortex (vmPFC) was less active in Met allele carriers than Val- allele
carriers. In classic extinction learning, the expected response is to have decreased
amygdala responses to the learned fear stimuli over time. However, the amygdala was
hyperresponsive in Met allele carriers compared to non-Met allele carriers. These
findings are consistent with the fact that the vmPFC is important in meditating
previously learned associations and extinction (Milad & Quirk, 2002) and that the
amygdala is important in fear conditioning (Phelps et. al, 2004). Furthermore,
diffusion tensor imaging analyses revealed that Met allele carriers had reduced
connectivity (white matter tracts) between vmPFC and amygdala, suggesting that the
inability to extinguish learned fear responses was possibly due to an inability for
vmPFC to efficaciously regulate amygdala activity during fear extinction trials.
Overall, these findings suggest that BDNF broadly regulates the stress response, and
met allele carriers are prone to irregular emotion regulation processes and may encode
more negative, emotionally evocative information better as a result. Such findings
would be consistent with recent work indicating a direct link between met allele
carriers and emotional memory/stress-based disorders like PTSD (e.g., Zhang et al.,

2014).

1.3 Current Study

Together, findings from these seemingly disparate literatures suggest a
provocative link between genetic predispositions and environmental factors that
engender stress among stigmatized individuals. To the extent women in ST contexts

(e.g., STEM contexts where they are outnumbered by men) experience stress and



subsequent encoding of more negative, enduring emotional memories in these contexts
over time, and BDNF SNPs may modulate the experience of stress and subsequent
emotional memory encoding, women may vary in the extent to which they
underperform and encode negative emotional memories in STEM contexts if they
possess BDNF SNPs known to exacerbate (or attenuate) stress and subsequent
memories for these experiences. Given that downstream consequences of the biased
encoding processes evoked by ST contexts consist of decreased conscious perceptions
of ability and importance of the math domain, these variations in the experience of
stress and encoding may even have ramifications for women’s decision to leave math
intensive domains (i.e., their career choices). That is, critically, women may opt out of
stigmatized STEM fields at disproportionate rates compared to men in part because
they foster more negative emotional memories and subsequent perceptions of math
ability and importance over time. This would be consistent with Steele’s argument for
why individuals eventually leave stigmatized domains, which is that they do so
ultimately to “escape the threat” they otherwise experience on a daily basis (Steele,
1997).

This study thus had three main objectives. First, this study aimed to compare
scores on a multiple-choice math task between participants with the Met/Val and
Met/Met SNP and the Val/VVal SNP randomly assigned to either an ST condition
(Diagnostic Math Task or DMT) or a control condition (Problem Solving Task or PST
condition). We predicted that individuals with the Met/Val (or Met/Met) SNP would
have lower scores compared to individuals with the Val/\VVal SNP given that ST
contexts are known to be stressful, stress has a clear deleterious impact on

performance, and individuals with Met/VVal SNPs may ultimately have difficulty



regulating stress (via degraded connectivity between the amygdala and vmPFC).
Second, this study compared scores on a surprise memory task given after the math
task. Given that the Met/Val SNP has been linked to degraded episodic memory but
also enhanced encoding of negative feedback specifically (Egan et. al, 2003;
Molendijk et. al, 2012) we hypothesized that Met/Val carriers in ST contexts (i.e.,
stressful contexts) would exhibit higher (more accurate) memory scores for negative
feedback received on the math task compared to Val/Val carriers.

Furthermore, this study proposed that the effect of BDNF SNP type on stress
coping and memory could ultimately help explain why some women opt out of STEM
fields, which may be inherently threatening, in the aggregate. Specifically, women
with the Met/VVal genotype may be more genetically susceptible to ST (stress) and
subsequently may be less likely to remain in STEM careers given the likely exposure
to stress in these domains and the accumulation of more negative associations with the
domain over time (via encoding of more negative emotional situations). To provide a
more veridical, direct test of these hypotheses with the appropriate power required by
genetic studies, this was tested by performing a large-scale analysis leveraging BDNF
SNP frequency databases with a database outlining the distribution of women and men
in given STEM fields at the national and global levels. We expected to find that
women with the Met/Val SNP would hold fewer STEM positions than women with

the Val/Val SNP.



Chapter 2

STUDY 1: REGIONAL LEVEL

2.1 Methods

2.1.1 Participants

Students from the University of Delaware (Male=130, Female=174) were
recruited to participate in two studies (Forbes et. al, 2018). Between the two studies,
out of the participants that had BDNF SNP data, 182 had the Val/VVal SNP, 76 had the
Met/Val SNP and 8 had the Met/Met SNP. Participants who did not have experimental
data due to not fully completing the study were excluded. This left 180 Val/Val, 74
Met/Val, and 8 Met/Met SNP participants (Male=115, Female=147).

2.1.2 Procedure

Participants were brought into the lab and seated in front of a computer screen.
They were randomly assigned to one of two conditions: the control/non-threat
condition described the task as a problem-solving math task (PST), while the ST/threat
condition framed the task as diagnostic of mathematical (DMT) ability. To prime ST
(stereotype threat) in the DMT condition, participants were prompted to answer
demographic questions, such as marking their gender (Spencer et. al, 1999).
Furthermore, all DMT sessions included at least one male experimenter and had
prerecorded instructions read in a male voice to them through headphones. In contrast,
participants in the PST condition were not asked to mark their gender prior to the task,
and sessions always contained all female experimenters with the instructions read
aloud by a female experimenter. After the instructions, participants completed a math

feedback task for 34 minutes (described below) and a traditional performance measure



consisting of standard filler math task. Next, participants were presented with a
surprise memory test to assess the extent to which they encoded font types associated
with negative or positive feedback during the font math task (described below).
Participants then answered a series of questions, were debriefed and compensated for

their participation.

2.1.3 Font Math Task

The math problems consisted of 100 standard multiplication and division
problems (e.g., 15x36) with 3 answer choices (a, b, or ¢) presented below the problem.
Participants were instructed to select their answer, and immediately upon selection
they were presented with feedback. The words “wrong” or “correct” were presented
for 2 seconds in a novel font each time. Participants were given 16 seconds to solve
each problem, and if they did not select an answer within the allotted time, they were
given automatic wrong feedback. The font math task was adaptive, such that if a
participant answered a question correctly, the difficulty of the problem increased.
Likewise, when the participants answered a question incorrectly, the difficulty
decreased. This allowed all participants to see equal amounts of correct and wrong

feedback.

2.1.4 Standard Filler Math Task

To provide a filler task and to also serve as an ST manipulation check, the
following task was presented. This task contained 15 difficult math word problems
taken from the GRE. Participants were provided with scratch paper and given 5

minutes to solve as many problems as they can. No feedback was provided. Scores

10



were calculated by dividing the number of correctly answered problems by the number

of problems attempted, then the number was multiplied by 100.

2.1.5 Memory Task

Following the math task, participants were presented with the words “wrong”
or “correct” in novel fonts, 50 of them being combinations they saw during the font
math task and some of them had not been shown (defined as ‘lures’). Participants were
instructed to choose a number from 1-6, 1 being “I know I didn’t see it” and 6 being “I
know I saw it.” Hits (defined as responses within the range of 4-6 to seen fonts),
misses (defined as responses within 1-3 to seen fonts), false alarms (defined as
responses within the range of 4-6 to ‘lures’), and correct rejections (defined as
responses within the range of 1-3 to ‘lures’). Participants’ ability to accurately
discriminate seen from unseen fonts were assessed by calculating d’ (D Prime). The d’
value has been argued to be a more sensitive assessment of memory effects that can
account for potential guessing (Wickens, 2002). This was done by subtracting z scores
for false alarm rates from z scores for hit rates. A larger d’ value indicated better
ability to accurately discriminate seen from unseen fonts, meaning that a higher score
reflected a higher chance of the participant choosing a font they were confident they

saw and was actually presented to them. A score of zero was exactly at chance level.

2.1.6 Exploratory Measures: Dot-Probe Task

To assess more specific STEM aversion levels, a dot-probe task was conducted
following the memory task. For a baseline assessment of aversion, participants were
given an initial task where they were presented with a series of threatening and neutral

pictures taken from the International Affective Picture System (IAPS, Lang et al.,
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2008). For the STEM specific dot-probe task, previously normed threatening pictures
related to STEM fields (e.g., pictures of men in lab coats in classrooms, male
professors, classrooms full of men, etc) and non-threatening pictures in an academic
setting (e.g., women teaching an English class, women in discussion groups, etc) were
presented. Participants in front of a computer screen were instructed to fixate at a
crosshair in the middle of the screen. One neutral and one threatening stimulus then
appeared on the screen for 500 milliseconds. The pictures then disappeared, and a dot
appeared in the place of one of those images. Participants had to indicate where the
dot was placed as fast as possible. If STEM-oriented stimuli elicit an aversive
response, then participants should locate the dot under the threatening stimuli faster

than the non-threatening stimuli, as their attention was oriented towards the threat.

2.2 Results

2.2.1 Font Math Task

To assess the effect of Val/Val distribution among regional participants in the
lab, a univariate 2 (Gender: Male/Female) x2(BDNF: Val/Val and Met Carriers)
x2(Condition: Threat/Control) test was conducted. There was no significant 3-way
interaction between gender, BDNF and condition (F(1,167)=0.425, p>0.05). No other

significant 2-way interactions were observed.
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Figure 1. Scores on the font math task for Met carriers and Val/Val carriers by gender
in the control condition.

13



20 BDNF

Wvarva
EValMet

—

—

Math Score
=

Female Iale
Gender

Figure 2. Scores on the font math task for Met carriers and Val/Val carriers by gender
in the threat condition.

2.2.2 Simulation

Given the small sample size in our data, an exploratory simulation was
conducted to simulate a proper genetic analyses. Genetic analyses require large sample
sizes to achieve satisfactory statistical power (Hong & Park, 2012). Additionally, the
SNP of the participants was unevenly distributed (Val/Val=68.7%, Val/Met=29.8%,
Met/Met=1.5%). The data were skewed toward the Val/VVal SNP, which may
contribute to biased results. A simulation was conducted based off our participants’
data.

The simulation was performed by inputting the variables in each condition into
SPSS software. The number of participants was increased in the simulation, and the

same analysis was run on this simulated data. The simulation yielded equally
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distributed men (N=4000) and women (N=4000) in the DMT (N=4000) and PST
(N=4000) condition, with an also equally distributed SNP type (Val/\Val=4000,
Val/Met;Met/Met=4000).

2.2.3 Simulation Results

Results revealed three significant 2-way interactions. There was a significant
interaction between BDNF and gender (F(1,7992)=37.74, p<0.001). Women with the
Val/Val SNP performed significantly better than Met carrier women (Mval/val=1.366;
MMet Carrier=1.309, p<0.001). Men with the Val/VVal SNP also performed significantly
better than men who were Met carriers (Mval/val=1.583; MMet Carrier=1.659, p<0.001).
There was a significant interaction between BDNF and condition (F(1,7992)=75.71,
p<0.001) and between gender and condition (F(1,7992)=3.93, p<0.001).

Results also revealed a meaningful three-way interaction between gender, SNP
type, and condition (F(1,7992)=124.61, p<0.001). DMT women with the Val/VVal SNP
type performed better than those with the Val/Met;Met/Met SNP type (p<0.001). PST
women demonstrated the opposite pattern. PST women who had the Val/Val SNP type
underperformed in comparison to those who had the Val/Met;Met/Met SNP type
(p<0.001). Men in the DMT and PST conditions followed similar pattern. Men with
the Val/Val SNP type underperformed in comparison to those with the
Val/Met;Met/Met SNP type (p<0.001).

Further contrasts revealed that women with the Val/VVal SNP type in the DMT

condition outperformed those in the PST condition (p<.001).
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Figure 3. Simulated results of math scores for men and women with the Val/Val and
Met carrier SNP in the DMT and PST conditions.

2.2.4 Memory Task

The second univariate 2(Gender: Male/Female) x2(BDNF: Val/Val and Met
Carriers) x2 (Condition: Threat/Control) analysis used participants’ scores on the font
memory task. There was no significant interaction between BDNF, gender and
condition. There were also no significant 2-way interactions. However, there was a
within condition interaction with participants in the control condition (M=0.014,
SD=0.111) performing significantly better than participants in the threat condition
(M=0.43, SD=0.113).
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Figure 4. Scores on the memory task when presented with negative feedback for Met
carriers and Val/Val carriers by gender in the control condition.
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Figure 5. Scores on the memory task when presented with correct feedback for Met
carriers and Val/Val carriers by gender in the threat condition.

2.2.5 Exploratory Dot-Probe Task Measure

Scores on the dot-probe task were included in the analysis to check for a
potential impact on memory task scores. The analysis did not reveal a significant
effect on gender (F(1,81)=1.68, p>0.05), Val/Val (F(1,81)=1.26, p>0.05) or a Val/Val
and gender interaction (F(1,81)=0.55, p>0.05).

2.2.6 Simulation

Like the math task, a simulation was conducted for the memory task scores.
The simulation yielded equally distributed men (N=4000) and women (N=4000) in the
DMT (N=4000) and PST (N=4000) condition, with an also equally distributed SNP
type (Val/Val=4000, Val/Met;Met/Met=4000).
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There were also two significant 2-way interactions. BDNF and condition were
significant (F(1,7992)=34.05, p<0.001), and gender and condition were significant
(F(1,7992)=114.94, p<0.001).

There was a significant 3-way interaction between gender, SNP type, and
condition (F(1,7992)=66.44, p<0.001). DMT women with the Val/VVal SNP type
performed significantly better than those with the VVal/Met;Met/Met SNP (p<0.001).
Women in the PST condition followed a similar pattern. Women with the Val/Val
SNP outperformed women with the Val/Met;Met/Met SNP (p<0.001).

DMT men with the Val/VVal SNP performed significantly better than those with
the Val/Met;Met/Met SNP type (p<0.001). However, men in the PST condition with
the Val/VVal SNP performed worse than men with the Val/Met;Met/Met SNP type.
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Figure 6. Simulated results of scores on the memory task when presented with
negative feedback for men and women with the Val/Val and Met carrier

SNP in the DMT and PST conditions.

2.3 Discussion

The results of this study using only our participants’ data did not support the
prediction that Met SNP carriers under stereotype threat may have lower scores on a
math and memory task. Some factors contributing to this may be that the distribution
of the Val/Val polymorphism was skewed towards Val/Val for the population, which
was unable to be randomized due to the fact that BDNF samples were collected after
the participants were given the math and memory tasks. Additionally, the small

sample size did not allow us to have the appropriate statistical power a genetic study

requires.
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After conducting a simulation based off our data, there were significant
interactions between SNP type, gender, and condition. In the math task, women in the
DMT condition with the Val/VVal SNP significantly outperformed women who were
Met carriers. The opposite is seen in the PST condition: women with the Val/\VVal SNP
underperformed compared to women who were Met carriers. This trend is seen in the
memory task as well. DMT women with the Val/VVal SNP performed significantly
better than those who were Met carriers. These results provide support for our
hypothesis, and additionally highlight the importance of an evenly distributed and

sufficiently large sample.
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Chapter 2

STUDY 2: NATIONAL LEVEL

Following Study 1, Study 2 observed BDNF and gender data while expanding
the analysis by collecting data on a national level. To directly test the hypothesis
regarding STEM careers, national occupation data was collected. Additionally,
national assessment test scores, reported college major, and household income data

were included to as covariates detailed in the methods below.

2.4 Method

BDNF polymorphism data was compiled from an extensive literature search.
Search terms included “BDNF, Val66Met, rs6265, Val/Val, Val/Met,” and “Met/Met.”
In addition, the terms “USA, America,” and “United States” were included to specify
studies conducted in the United States. Due to limited availability of state-specific
studies, states were grouped into the four regions of the United States: Northeast

(n=1,053), Midwest (n=796), South (n=1,036), and West (n=1,539) (United States, &

Bureau of the Census, 1993).

To control for inherent mathematical and science abilities, scores from the
most recent National Assessment of Educational Progress (NAEP; Salganik L.H.,
Dogan E., 2014) were collected from each state by gender. The NAEP is a
congressionally mandated project conducted by the National Center for Education
Statistics (NCES) which administers the same test in every state, allowing cross-
comparison of state-wide results. Three specific test scores were gathered: Overall
Science score, Physical Science score, and Mathematics score. Available data for the
years 2014-2019 varied. The Overall Science score and Physical Science score had

only the year 2015 available, and Mathematics score had the years 2015, 2017, and
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2019 available. Furthermore, select states’ Overall Science Score and Physical Science
score were unavailable (Alaska, Colorado, Louisiana, and Pennsylvania.)

Reported college major was taken from the US Census (United States, &
Bureau of the Census, 1993). College major was included as a covariate to provide a
second point in time where the gender gap in science interest may occur. The college
major categories used were Science and Engineering, and Science and Engineering
Related Fields. These were broken down into subcategories by gender (male and
female) and age (ages 25 to 39 and ages 40 to 64). The reported college major was
also gathered from years 2014-2019.

Occupation data were taken from the US Census (United States, & Bureau of
the Census, 1993)- in two categories: computer and mathematical occupations, and
life, physical, and social science occupations. These occupations are further defined by
the 2018 Standard Occupational Classification System (SOC) from the Bureau of
Labor Statistics (2018 SOC System. (n.d.)). A list of the classifications pertaining to
this study can be found in Appendix C). The total number of individuals in each
category were divided by the total population in each state for each year to create a
proportion of individuals in STEM careers relative to the total population. These
covariates were collected for both males and females in each state. Additionally,
personal income and percent of the population over the poverty level were also
collected through the census to account for variability in state resources.

Lastly, the gender and science Implicit Association Test (IAT; Greenwald et.
al, 1998) questionnaire was included in the data set to control for gender bias attitudes

pertaining to science across different states. The specific variables included were
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overall IAT score, overall attitudes on scientific interest and gender, and gender
differences in mathematical ability.

BDNF data, personal income data, percent of the population over the poverty
level, and IAT scores were all standardized prior to analysis. The remaining predictors
were consistent across years and did not need to be standardized. An unstructured

covariance matrix was used.

2.5 Results

2.5.1 Computer and Mathematical Occupations

A linear mixed model examined the effects of BDNF polymorphism on men
and women in computer and mathematical occupations. To account for states
differences, states were treated as having random intercepts. BDNF was used to
predict the outcome of variation in the number of individuals in the computer and
mathematical occupation. The model revealed a gender by Val/Val interaction
(F(1,202)=5.879, p<0.05);as the amount of individuals with the Val/\VVal SNP type
increased the number of individuals in the computer and mathematical field increased.
While the relationship between Val/Val and occupation differed for men and women,
neither of these relationships were statistically different from chance. Simple slopes
for men (8=0.94, t(149)= 0.015, p>0.05) and women (B=-0.94, t(149)=-0.0002,
p>0.05) revealed that the slopes were not statistically significant. There was also a
significant gender difference independent of Val/Val (f=-0.012, t(198)=-33.55,
p<0.001, CI=[-0.013, -0.011]), fewer women held occupations in this field than males.

Exploratory analysis for a possible interaction between gender and IAT score

was also conducted. A higher IAT value indicated a stronger implicit belief of

24



perceived gender roles (i.e., men and women differ in their mathematical ability).
Introduction of this gender by IAT interaction did not alter the significance levels of
any of the primary predictors. When using IAT value as a dependent variable with
gender, There were fewer males in computer and mathematical occupations (p= -
0.001, t(258)= -3.14, p<0.05, CI=[-.001, 0.002]).While there was a relationship
between IAT and occupation for men, this relationship was not statistically different
for women. As a region endorses more implicit gender roles, there were fewer males

holding occupations in the computer and mathematical field.
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Figure 7. Low percentage of Val/Val and high percentage of Val/Val of men and
women in computer and mathematical occupations.
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2.5.2 Life, Physical and Social Science Occupations

Next, life, physical and social science occupations were analyzed using the
linear mixed model. There was a significant VVal/Val by gender interaction
(F(1,213)=8.96, p<0.05); as Val/Val increased, occupations in the life, physical and
social science field increased. Simple slopes analysis revealed that this relationship
was significantly stronger for males than females ($=0.004, t(397)=4.25, p<0.001).

Independent of Val/Val, there was a gender difference. There were
significantly less females in this field than males (f=-0.0009, t(213)=-11.15,
p<0.001, CI=[-0.001,-0.007]).

Exploratory analysis of a potential gender and IAT interaction was also
conducted for these occupations. This analysis also did not alter the significance of
any of the primary predictors. A significant interaction was found for females, with
females in the field decreasing as IAT scores increase (f=-0.0003, t(200)= -3.66,
p<0.001, CI=[-0.0005, -0.0001]).
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Figure 8. Low percentage of Val/Val and high percentage of Val/Val for men and

women in life, physical, and social science occupations.

2.6 Discussion

These results highlight a function of the Val/Val polymorphism: as the

distribution of Val/Val types increases, the number of individuals increase in these two

categories of STEM fields. Separately from the Val/Val effect, a gender effect was

observed. There were significantly fewer women in both categories of STEM

occupation than males. Interestingly, in the life, physical and social science category,

there is a significant gender by Val/Val effect for males; contrary to the hypothesis the

relationship between val/val and occupation was stronger for men compared to women

Given the unexpected finding that men with the Val/VVal SNP held more

occupations in the life, physical and social science field compared to women,

exploratory analysis examining regional stereotypes was conducted using IAT score
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to attempt to explain this discrepancy Surprisingly, as the gender bias stereotype is
more prevalent, the number of males in the field decreases significantly for the
computer and mathematical field. For the life, physical and social sciences field, the
results are in line with expectations: as the gender bias stereotype is more prevalent,
the number of females in the field significantly decreases. These conflicting results
may be due to the cultural differences that vary from state to state, and the possible
gender stereotypes that already exist within different states. Women that do not feel
threatened by men’s presence in STEM may be less susceptible to stress and
subsequently not be averted by the STEM field (Forbes et. al, 2018).

Another explanation for these results is the lack of available regional BDNF
data. The distribution of sample size, particularly in the Midwest (n=796), was low
compared to the other three regions. Most BDNF data was produced in major cities on
either the east or west coast, and less so within the Midwest, so SNP data from these
states may be lacking. Additionally, since all 50 states were grouped into only 4
regions, it is possible that one state may have a different BDNF distribution that
another state in the same assigned region and that difference could not be accounted

for.
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Chapter 3

STUDY 3: GLOBAL LEVEL

Study 3 was modeled based on Study 2, but on a global scale. The effects of
BDNF SNP type on occupation and gender were observed, with covariates including
international assessment testing, gross domestic product for each country, and the

percent of a population above the poverty line, all described in the methods below.

3.1 Methods

First, an extensive literature study was conducted using Science Direct,
PubMed, and PsycInfo to gather genetic BDNF data. Search terms included “BDNF,
Val66Met, rs6265, Val/Val, Val/Met,” and “Met/Met.” To meet the criteria to be
included in the data set, the study had to include 1) BDNF polymorphism of
participants, and 2) Ethnicity of the participants. The final list of countries (n=22) was
largely based on availability of data and organized into three subcategories according
to ethnicity: Caucasian (n=40934), Asian (n=46168) and Middle Eastern (n=1314). A
full list of countries can be found in Appendix A.

After the countries had been chosen based on BDNF data availability, job data
for each country split by gender was obtained from the International Labor
Organization (ILO) (International Labour Organization, 2020.) Specifically, the
percent of men and women holding jobs in a professional field and the percent of men
and women in a technical field from the years 2014 to 2018 (refer to Appendix B for
professional and technical field classifications).

Multiple covariates were identified. First, standardized testing scores were
obtained to provide a control measure of proficiency in math, science, and reading

ability for each country. Test scores from the Programme of International Student
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Assessment (PISA) were collected from the OECD database (OECD, n.d.) for the
years 2014-2018. The PISA is a measure of how well 15-year old’s’ use their reading,
mathematics, and science abilities and apply their skills to real-life challenges. The
second, GDP (Gross domestic product) was compiled from Worldbank’s database
(World Bank Group - International Development, Poverty, & Sustainability, n.d.) to
consider countries’ wealth and subsequently access to commodities such technology
and education. All covariates used data from the years 2014-2019, or if 2019 was not

yet available, data was gathered up to the most recent year.

3.2 Results

3.2.1 Professional Field

A linear mixed model was used to examine gender differences between men
and women in a professional field based on the distribution of the Val/Val
polymorphism. BDNF SNP type was used as a predictor for the outcome of the
number of men and women in the professional field. The model revealed a gender by
Val/Val interaction (F(1,100)=15.603, p<0.001). Simple slopes analysis indicate that
the slopes are significant for both females (f=5.823, t(75)=9.167, p<0.001,
Cl=[4.56,7.08]) and males (B=4.005, t(75)=6.306, p<0.001, Cl,=[2.74, 5.26]).
However, this relationship between Val/Val percentage and professional occupation
percentage is stronger for females (f=1.817, p<0.001). Additionally, there was a
gender effect separate from Val/Val, with the percentage of female professionals

increasing significantly (B=5.57, p<0.001).
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Figure 9. Low percentage of Val/Val and high percentage of Val/Val of men and
women in the professional field.

3.2.2 Technical Field

The linear mixed model also examined the effects of BDNF polymorphism on
men and women in the technical field. The model revealed a gender by Val/Val
interaction (F(1,86)=14.152, p<0.001). Simple slopes analysis indicated that the slopes
are significant for both females (p=2.581, t(48)=4.239, p<0.001, CI=[1.36,3.79]) and
males ($=1.345, 1(48)=2.21, p<0.05, C1=[0.12, 2.57]). While the slopes were
significant for both men and women, the significant gender by Val/Val interaction
indicates that this relationship between Val/Val and tech representation was stronger

for women than for men. Similar to the professional field, this relationship between
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Val/Val percentage and technical occupation percentage is stronger for females
(B=1.235, p<0.001).
There was also a gender effect separate from Val/Val for females in the

technical field, with the percentage increasing significantly (3=0.88, p<0.05).
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Figure 10. Low percentage of VVal/Val and high percentage of Val/Val of men and
women in the technical field.

3.3 Discussion

These large-scale findings are consistent with the hypothesis that individuals
with the Val/Val polymorphism, specifically females, will hold more STEM jobs than
those with the Met/Val polymorphism. These findings demonstrate that even when

controlling for economic and educational differences between countries, genetic

32



polymorphism may play an important role in modulating the likelihood that
individuals, and particularly women, enter the STEM workforce, specifically in the
technical field. Women with the Val/Val polymorphism seem to be particularly likely
to choose a career in a technical field.

Some limitations to this study may be a lack of representation for certain
countries in both genetic and occupation data. BDNF studies that did not specify the
ethnicity of participants were unable to be included, and there may very well be
studies that were missed in the data search. Access to occupation data for some
countries was restricted, and there may also be a lack of STEM specific job data, given
the blanket terms “Professionals” and “Technicians” that were assigned to include a

large sector of job types.
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Chapter 4

GENERAL DISCUSSION

Consistent with past research, findings across three studies suggest that the
Val/Met BDNF polymorphism may have morphological effects on individuals’
broader executive function capacities insofar as these processes are important for
emotion regulation and performance on cognitively intensive tasks such as difficult
math tasks (Egan et. al, 2003; Molendijk et. al, 2012).

In Study 1, simulation results based off participant data at the individual level
provided initial evidence that BDNF SNPs may have a relationship with performance
on cognitively intensive tasks and memory tasks completed in stressful contexts. In the
math task, women in the DMT condition with the Val/VVal SNP significantly
outperformed women who were Met carriers. This pattern was reversed in the PST
condition, however: women with the Val/VVal SNP underperformed compared to
women who were Met carriers. This trend was found in the memory task as well.
Simulation data suggested DMT women with the Val/VVal SNP performed
significantly better on a surprise memory test compared to those who were Met
carriers. This suggests a potential relationship between stress elicited by identity
threatening contexts and executive function and memory encoding processes that are
moderated by BDNF SNP type. These findings are also consistent with past research
exhibiting links between BDNF SNPs and executive function and memory encoding
processes. Met carriers have also been shown to underperform on measures of
executive function in relation to Val/Val carriers, particularly working memory (e.g.,
Alfimova et al., 2011). Such patterns of aberrant emotional regulation and executive

function suggest that Met carriers would be particularly susceptible to
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underperforming on cognitively intensive tasks, experiencing more negative affective
gualia, and encoding more negative affective oriented memories in identity
threatening, i.e., stressful contexts. Those who are Met carriers may be more
susceptible to stress and encoding of negative aspects of identity-threatening situations
over time. If true, consistent with Steele’s (1997) hypothesis that stigmatized
individuals leave stigmatized domains to avoid chronic self-threats and decreased self-
esteem, this could serve as one mechanism for why women tend to leave STEM fields
and/or not pursue STEM careers at disproportionate rates compared to men.

Consistent with this possibility, Study 2 found evidence that indeed, at the
national level, women’s representation in STEM fields increased as a function of
Val/Val SNP type distributions in regions across the United States, at least among
careers in life, social and physical sciences. Conversely, Met carriers were found to
hold less STEM positions than non-Met carriers, possibly because these contexts may
be more chronically stressful for them. While this study highlights the potential
ramifications the Met SNP may have for the representation of stigmatized individuals
in STEM fields, it’s important to note that this effect was tenuous for multiple reasons.
For one, based on assessments of BDNF SNP distributions in general there are
naturally fewer individuals who possess the Met allele compared to the Val/Val allele
(typically approximately 66% of the population possess the Val/Val allele).
Furthermore, despite this study being conducted at the national level the sample size
for analyses were still quite small compared to gold standards for typical genetic
studies.

Fortunately, Study 3 helps accounts for these issues by examining patterns at

the global level. Indeed, we found additional support for findings from Study 2, but
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here patterns among BDNF SNP and women’s STEM representation were more
pronounced. Specifically, Study 3 found that women with the Val/VVal SNP tended to
hold more positions in technical STEM positions compared to women with the Met
polymorphism and even men with the Val/\VVal SNP. This pattern existed even when
considering individual differences between countries (i.e., PISA scores and GDP).
Thus overall, findings at the individual and group level suggest that a) stressful
experiences for stigmatized individuals may be exacerbated by aberrant executive
function and emotion regulation processes induced by the Met SNP (Study 1) and b)
to the extent these experiences accrue over time, stigmatized individuals with Met
SNPs may be more likely to choose careers outside of STEM domains (Studies 2 and
3).

Though our results tended to be consistent with hypotheses, there were some
limitations to the studies. Our results in study 1 show the need for a larger sample size
in genetic studies, which was remedied by running a simulation that provided the
appropriate statistical power. Recruiting more participants for our study would directly
solve this issue. Additionally, implementing a longitudinal study for our lab’s
participants by monitoring science class grades, college major choice, and ultimately,
career choice would allow an individualized look at STEM career choices over time.
In our national level study 2, further analysis within both professional and technical
occupation sectors would allow for more precise sub-fields within STEM to be
observed. By including more genetic studies representative of specific states, it would
be possible to better account for genetic variation within each state. The global level
study 3 would also be improved by further breaking down the broad categorical STEM

fields set in place by the Census Bureau. Expanding the selection of countries used to
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obtain BDNF data would permit a more complete analysis of STEM career choice and
BDNF SNP distribution across the world.

While some evidence suggests the VVal66Met SNP may moderate how
individuals process information in stressful situations, it is important to evaluate
findings from these studies with respect to the sheer complexity of neural networks
within the brain, how these networks interact during complex cognitive tasks in
general, and how exactly one SNP known to be involved in neurotrophic processes
may ultimately modulate these massively complex network interactions. Additionally,
our study only analyzed one polymorphism of the BDNF gene; given that there are at
least dozens of BDNF polymorphisms it is possible that there are other
polymorphisms that may have differentiating effects on how an individual copes with
stressors like those experienced in identity threatening stressful situations. It is also
quite likely that there are a number of integral interactions between myriad genes, and
SNPs of those genes, that may modulate interactions between neural networks and the
complex psychological processes instantiated by given networks. Nevertheless,
findings from these studies suggest that BDNF SNPs may play a modest to oversized
role in modulating neural network interactions involved in complex cognitive
processes like those required for efficacious emotion regulation and executive
functions. Overall, our studies could be supplemented by simulated performance
scores on a broader scale, and more random sampling of BDNF SNPs from a wider
array of states and countries. This would allow for exploration of the Val/VVal SNP
moderating effect on an even larger scale.

It has been shown that the Val66Met polymorphism yields alterations in

executive function and emotion regulation processes (Soliman et al., 2010; Molendjik
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et al., 2012). Findings across three studies find evidence that these alterations may
play important roles in other situationally stressful contexts such as those incurred in
domains in which individuals are the targets of negative stereotypes. Differences in
how emotions in these contexts are regulated may not only effect performance and
memory in the moment, but they may in fact affect meaningful decisions over time,
including ultimately an avoidance of STEM careers due to negative associations from
stressful past experiences. Awareness of this genetic relationship offers insight on the
gender differences seen in the STEM workforce. While largely observational at this
point, these studies could serve as a starting point for more large-scale tailored
interventions that can help all individuals thrive in any career they so choose, thus
providing a means for more equal opportunity STEM education and equal

representation of all genders in STEM.
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Appendix A

BDNF GLOBAL STUDY SOURCES

Study Country Ethnicity Val Met Total N
Carriers Carriers
(N) (N)
Oswald Belgium Caucasian 156 110 226
2004
Oswald Belgium Caucasian 336 117 453
2005
Pivac 2012 Croatia Caucasian 374 202 576
Gourion France Caucasian 217 92 309
2005
de Krom Germany  Caucasian 502 273 775
2005
Schumacher Germany  Caucasian 1985 1147 3132
2005
Hoffjan Germany  Caucasian 457 224 681
2009
Hunnerkopf Germany  Caucasian 189 83 272
2007
Lang 2005 Germany  Caucasian 218 125 343
Frodl 2007  Germany  Caucasian 77 43 120
Gruber 2012 Germany  Caucasian 94 64 158
Donohoe Ireland Caucasian 67 24 91
2007
Shimizu Italy Caucasian 54 57 111
2004
Monteleone Italy Caucasian 210 121 331
2006
Nociti 2018 Italy Caucasian 122 87 209
Tarracciano Italy Caucasian 844 1180 2054
2013
Zai 2019 Canada Caucasian 388 67 455
(Ontario)
Skibinska Poland Caucasian 735 328 1063
2004
Alemany Spain Caucasian 282 188 470
2011
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Ribases Spain, Caucasian 1314 741 2055
2004 Italy,
Germany
Johnsson Sweden Caucasian 313 145 458
2006
Comasco Sweden Caucasian 152 67 219
2011
Ece 2019 Turkey Caucasian 15 32 47
Neves- United Caucasian 565 339 904
Pereira 2005 Kingdom
Gatt 2015 United Caucasian 2696 1441 4137
(BWHHS)  Kingdom
Gatt 2015 United Caucasian 4513 2325 6838
(ALSPAC) Kingdom
Egan 2003 USA Caucasian 271 192 336
Liu 2005 USA Caucasian 109 51 160
Lohoff 2005 USA Caucasian 1040 579 1619
Strauss USA Caucasian 130 68 198
2004
Zhang 2006 USA Caucasian 515 254 769
Timpano USA Caucasian 193 108 301
2011
Shimizu USA Caucasian 91 42 133
2004
Enoch 2008 USA Caucasian 146 54 200
Chen 2006 China Asian 315 821 1136
Hong 2003 China Asian 149 435 584
Hwang China Asian 92 189 281
2005
Qian 2006 China Asian 326 928 1254
Tan 2005 China Asian 72 181 253
Xu 2007 China Asian 163 409 572
Chen 2012 China Asian 446 1114 1560
Jaing 2009 China Asian 393 1024 1417
Lu 2012 China Asian 138 368 506
Zhang 2012 China Asian 258 722 980
Zhang 2012 China Asian 186 483 669
Shimizu Japan Asian 51 100 151
2004
Iga 2007 Japan Asian 96 212 308
Itoh 2005 Japan Asian 140 251 391
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Koizumi Japan Asian 134 286 420
2004

Kunugi Japan Asian 404 703 1107
2004
Matsushita Japan Asian 247 466 713
2004
Nakata 2003 Japan Asian 105 215 320
Numata Japan Asian 65 94 159
2006
Shimizu Japan Asian 117 245 362
2005
Tochigi Japan Asian 352 618 970
2006
Watanabe Japan Asian 264 508 772
2006
Hashimoto Japan Asian 17 41 58
2008
Choi 2006 Korea Asian 59 152 211
Hong 2012 Korea Asian 6045 14224 20269
Lee 2006 Korea Asian 76 192 268
Lim 2007 Korea Asian 86 224 310
Daily 2017 Korea Asian 2686 6156 8842
Kang 2008 Korea Asian 56 153 209
Lee 2013 Korea Asian 17 36 53
Cheng 2005  Taiwan Asian 116 309 425
Chi 2010 Taiwan Asian 70 153 223
Low 2018 Taiwan Asian 45 111 156
Igbal 2019  Pakistan Asian 9 271 280
Tai 2017 India Asian 576 250 826
Zamani Iran Asian 135 73 208
2019

56



Appendix A.1

BDNF UNITED STATES OF AMERICA STUDIES

Study Region Ethnicity Val Carriers Met Total N
(N) Carriers
(N)
Rowland West Caucasian 344 241 585
2005
Zhang 2006  Northeast Caucasian 515 254 769
Enoch 2008 South Caucasian 146 54 200
Ho 2006 Midwest Caucasian 277 160 437
Greenwald Midwest Caucasian 103 25 128
2014
Raz 2008 Midwest Caucasian 62 41 103
Atshuler Midwest Caucasian 87 41 128
2019
Wang 2012 South Caucasian 22 12 34
Hilt 2007 Northeast Caucasian 136 49 185
Sublette Northeast Caucasian 33 22 55
2008
Clasen 2011 South Caucasian 161 112 273
Frey 2007 South Caucasian 51 24 75
Rowland West Caucasian 625 249 874
2005
Cao 2016 South Caucasian 101 40 141
Loewenstern West Caucasian 44 36 80
2019
Matsuo South Caucasian 53 31 84
2009
Szeszko Northeast Caucasian 27 17 44
2005
Taylor 2011 South Caucasian 139 90 229
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Appendix A.2
ISCO-08 CLASSIFICATIONS

Major Label Sub Major Description

Professionals 21 Science and Engineering
Professionals

22 Health Professionals
23 Teaching Professionals
24 Business and

Administration
Professionals

25 Information and
Communications
Technology Professionals

26 Legal, Social and Cultural
Professionals
Technicians and Associate 31 Science and Engineering
Professionals Associate Professionals
32 Health Associate
Professionals
33 Business and

Administration Associate
Professionals

34 Legal, Social, Cultural and
Related Associate
Professionals

35 Information and
Communications
Technicians
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Appendix A.3
2018 SOC Classifications

Major Occupation Detailed Occupation

15-1200 Computer Occupations Comp. and Information Analysts, Comp.
and Information Research Scientists,
Comp. Support Specialists, Database and
Network Admins. And Architects,
Software and Web Developers,
Programmers and Testers, Misc.

Computer Occupations

15-200 Mathematical Occupations Actuaries, Mathematicians, Operations
Research Analysts, Statisticians, Data
Scientists, Misc. Mathematical Science

Occupations

19-000 Life Scientists Agricultural and Food Scientists,
Biological Scientists, Conservation
Scientists and Foresters, Medical

Scientists, Misc. Life Scientists

19-2000 Physical Scientists Astronomers and Physicists,
Atmospheric and Space Scientists,
Chemists and Materials Scientists,

Environmental and Geoscientists, Misc.

Physical Scientists
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19-3000 Social Scientists and Related | Economists, Survey Researchers,
Workers Psychologists, Sociologists, Urban and
Regional Planners, Misc. Social

Scientists and Related Workers

19-4000 Life, Physical, and Social Agricultural and Food Science
Science Technicians Technicians, Biological Technicians,
Chemical Technicians, Environmental
Science and Geoscience Technicians,
Nuclear Technicians, Social Science
Research Assistants, Forest and
Conservation Technicians, Misc. Life,

Physical and Social Science Technicians

19-5000 Occupational Health and Safety | Occupational Health and Safety

Specialists and Technicians Specialists and Technicians

60




Appendix A.4

Regional Correlation Table

Table A.1 Math Task Correlation Table

Gender imatsc | Val_V | Zscore(Inc
or al ome)
Gender Pearson 1| .261™ -.088 -.101
Correlation
Sig. (2-tailed) .000 246 195
N 175 175 175 166
imatscor Pearson 2617 1 .002 -.024
Correlation
Sig. (2-tailed) .000 979 755
N 175 175 175 166
Val_Val Pearson -.088 .002 1 .083
Correlation
Sig. (2-tailed) 246 979 .286
N 175 175 175 166
Zscore(Inco Pearson -.101 -.024 .083 1
me) Correlation
Sig. (2-tailed) 195 .755 .286
N 166 166 166 166

**_Correlation is significant at the 0.01 level (2-tailed).
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Table A.2 Memory Task Correlation Table

Coratm | Val Val | Zscore(Inc | Gender
pt ome)
Coratmpt Pearson 1 -.140 077 204
Correlation
Sig. (2-tailed) 196 478 .058
N 87 87 86 87
Val_Val Pearson -.140 1 .054 -.070
Correlation
Sig. (2-tailed) 196 623 518
N 87 87 86 87
Zscore(Inco Pearson 077 .054 1 .057
me) Correlation
Sig. (2-tailed) 478 623 .605
N 86 86 86 86
Gender Pearson 204 -.070 .057 1
Correlation
Sig. (2-tailed) .058 518 .605
N 87 87 86 87
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Table A.3 National Correlation Table

Appendix A.5

National Correlation Table

Val/Val Poverty Personal
Income

Val/Val Pearson 1 -0.039 0.041

Correlation

Sig. (2-tailed) 0.434 0.356

N 600 400 500
Poverty Pearson -0.039 1 -0.738

Correlation

Sig. (2-tailed) 0.434 0

N 400 400 400
Personal Pearson 0.041 -0.738 1
Income Correlation

Sig. (2-tailed) 0.356 0

N 500 400 500
Population | Pearson -0.026 0.117 0.207
of Correlation 0
Occupations | Sig. (2-tailed) 0.602 0.019 400

N 400 400
PIAT Score | Pearson -0.072 0.001 -0.185

Correlation

Sig. (2-tailed) 0.079 0.978 0

N 600 400 500
pIAT Pearson -0.159 0.259 -0.253
Ability Correlation
Attitude Sig. (2-tailed) 0 0 0

N 600 400 500
pIAT Pearson -0.23 0.412 -0.425
Gender Correlation
Diff. Sig. (2-tailed) 0 0 0
Attitude N 600 400 500
Comp. and | Pearson
Math Occ. | Correlation

Sig. (2-tailed)

N
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Life, Phys.
Social Occ

Pearson
Correlation
Sig. (2-tailed)
N

0.244

400

-0.376

400

0.457

400
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Appendix A.6

Global Correlation Table

Table A.4 Global Correlation Table

Year | Gender | GDP_log | Zscore(val_val) | Zscore(PISA_score) | Zscore(GDF

Year Pearson 1 0.000 |0.033 0.000 0.000 0.033

Correlation

Sig. (2- 1.000 |0.633 1.000 1.000 0.633

tailed)

N 210 |210 208 210 210 208
Gender Pearson 0.000 | 1 0.000 0.000 0.000 0.000

Correlation

Sig. (2- 1.000 1.000 1.000 1.000 1.000

tailed)

N 210 |210 208 210 210 208
GDP_log Pearson 0.033 | 0.000 |1 -0.061 244" 1.000™

Correlation

Sig. (2- 0.633 | 1.000 0.378 0.000 0.000

tailed)

N 208 | 208 208 208 208 208
Zscore(val_val) Pearson 0.000 | 0.000 |-0.061 |1 329" -0.061

Correlation

Sig. (2- 1.000 | 1.000 | 0.378 0.000 0.378

tailed)

N 210 |210 208 210 210 208
Zscore(PISA score) | Pearson 0.000 | 0.000 | .244™ 329" 1 244

Correlation

Sig. (2- 1.000 | 1.000 | 0.000 0.000 0.000

tailed)

N 210 |210 208 210 210 208
Zscore(GDP_log) Pearson 0.033 | 0.000 | 1.000™ |-0.061 244 1

Correlation

Sig. (2- 0.633 | 1.000 | 0.000 0.378 0.000

tailed)

N 208 | 208 208 208 208 208
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*

*%

*%x

*

Percent_Professionals | Pearson 0.039 | -.347" | -.155 612 405 -.155
Correlation
Sig. (2- 0.575 | 0.000 | 0.025 0.000 0.000 0.025
tailed)
N 210 210 208 210 210 208
Percent_ Tech Pearson 0.023 | -0.073 | 0.011 499™ 370" 0.011
Correlation
Sig. (2- 0.735] 0.293 |0.871 0.000 0.000 0.871
tailed)
N 210 210 208 210 210 208
Country Pearson 0.000 | 0.000 |.175 -173" -0.080 175"
Correlation
Sig. (2- 1.000 | 1.000 | 0.011 0.012 0.248 0.011
tailed)
N 210 210 208 210 210 208
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