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Introduction: Computer scientists are often stereotyped as geniuses who are

naturally gifted in pSTEM (physical Sciences, Technology, Engineering, and Math). Prior

correlational research found that this genius stereotype is negatively related to students’

pSTEMmotivation. However, the effect has not been explored experimentally to evaluate

possible casual influences. Using situated expectancy-value theory as a framework,

the present experiment tested whether media invoking the genius stereotype negatively

impacts high school students’ expectancy and value beliefs regarding pSTEM.

Methods: The sample comprised of 213U.S. high school students (53% boys, 46%

Asian). Participants read one of two versions of an article profiling a student majoring

in computer science. The genius condition emphasized the student’s natural talent and

the importance of being gifted for success in computer science, whereas the control

condition did not mention these attributes. Pre- and post-test measures of pSTEM

expectancy and value beliefs were assessed.

Results and Conclusions: Students in the genius condition, but not the control

condition, demonstrated a significant decline in pSTEM value beliefs. There was no effect

on expectancy beliefs. Thus, popular stereotypes of persons in pSTEM as geniuses

may contribute to students devaluing of pSTEM subjects. These stereotypes may be

especially threatening to girls and students from minoritized backgrounds. Implications

are discussed, including the need to address genius stereotypes in pSTEM classrooms.

Keywords: academic achievement, motivation, self-concept, stereotyped attitudes, intelligence

This study experimentally tested the impact of a stereotypical portrayal of computer scientists
as geniuses on high school students’ motivational beliefs in physical sciences, technology,
engineering, and mathematics (pSTEM). Researchers and policymakers have sought to increase
students’ interest in pSTEM fields given their importance in society [National Science
Foundation (NSF), 2019]. The present study focuses on computer science primarily because
computer science majors have some of the highest paid and most widely available job
prospects among the pSTEM fields [National Science Foundation (NSF), 2019]. Yet, they
continue to have low enrollment among women and other historically marginalized groups,
even when compared to other pSTEM domains [National Science Foundation (NSF), 2019].

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2021.709427
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2021.709427&domain=pdf&date_stamp=2021-08-06
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:cstarr1@uci.edu
https://doi.org/10.3389/fpsyg.2021.709427
https://www.frontiersin.org/articles/10.3389/fpsyg.2021.709427/full


Starr Genius Stereotypes and STEM Motivation

One reason for this may be the “coding genius” stereotypes
that individuals often associate with computer science (e.g.,
Cheryan et al., 2013). Popular media representations of
computer scientists (and other pSTEM professionals) as nerdy
White men who are geniuses may steer some students away
these fields (Cheryan et al., 2013). Moreover, these effects
may be stronger among girls and women (Cheryan et al.,
2013; Starr, 2018). Adolescence is an important period to
consider the impact of stereotypes on pSTEM motivation
because youth are exploring their identities and future selves
(Lauermann et al., 2017; Wang et al., 2017).

Professionals in pSTEM fields are often stereotyped as
geniuses who are brilliant or naturally gifted (Cheryan et al.,
2013). In contrast to this fixed or essentializing stereotype, a
growth mindset emphasizes that success in a discipline like
pSTEM can be attained through effort (e.g., Dweck and Yeager,
2019). Prior work has found evidence for genius stereotypes
regarding pSTEM among adolescents (Hannover and Kessels,
2004; Garriott et al., 2017; Starr and Leaper, 2019) and young
adults (Storage et al., 2016; Ehrlinger et al., 2018; McPherson
et al., 2018; Sáinz et al., 2019). For example, one study indicated
that U.S. undergraduates were more likely to attribute success
to brilliance in STEM fields than many other fields (Storage
et al., 2016). This stereotype may influence youths’ stereotypes
about who belongs in pSTEM (Braden, 2020) and may negatively
relate to motivational beliefs in pSTEM (Hannover and Kessels,
2004; Cheryan et al., 2013; Garriott et al., 2017; Starr, 2018). For
example, one study among adolescents found that endorsement
of the genius stereotype about pSTEM professionals was
negatively related to pSTEM expectancy and value beliefs among
those who did not see themselves as naturally gifted in pSTEM
(Starr and Leaper, 2019). Mass media, including online news
articles, may be one way of transmitting stereotypes, including
the stereotypes about pSTEMprofessionals (Cheryan et al., 2013).
However, to date no study has experimentally explored whether
media invoking the genius stereotype negatively impacts pSTEM
motivational beliefs.

Situated expectancy-value theory (Eccles and Wigfield,
2020) posits that motivational beliefs and the sociocultural
context shape individuals’ academic choices and achievement.
Expectancy beliefs comprise individuals’ ability self-concepts and
expectations for future success in a subject, whereas value beliefs
reflect their attainment value and perceived extrinsic utility of
a subject. According to the theoretical model both expectancy
and value beliefs are influenced by the cultural milieu (such
as stereotypes present in the media), in addition to individual
factors (such as gender) (Eccles and Wigfield, 2020). Extensive
support for the theory has been established in many samples,
including with U.S. adolescent samples (see Schoon and Eccles,
2014;Wigfield et al., 2015; Eccles andWang, 2016). In the present
study, exposure to materials emphasizing the genius stereotype
about a computer science major was hypothesized to lead to a
decrease in high school students’ pSTEM expectancy and value
beliefs. Students’ gender was additionally tested as a potential
individual moderator.

Genius stereotypes about pSTEM may have a greater negative
effect on girls’ pSTEM motivation for at least two reasons.

First, prior studies suggest that people tend to view boys and
men as more brilliant than girls and women (Bian et al.,
2018). In addition, girls and women may be more likely to
have self-concepts discrepant with stereotypes about persons in
pSTEM fields (Ehrlinger et al., 2018; Starr and Leaper, 2019).
Furthermore, the stereotype of people in pSTEM as geniuses
frequently goes along with a related stereotype that they are nerdy
(Starr, 2018; Starr and Leaper, 2019).

The present study sought to replicate and extend an
earlier experiment that Cheryan et al. (2013) conducted with
undergraduates. When participants read a newspaper article
emphasizing the nerdy stereotype about computer scientists,
undergraduate women expressed lower interest in computer
science than those in a control condition (undergraduate men
were not impacted). The current experiment extends this earlier
work in three ways through its focus on high school students, its
testing the impact of the genius stereotype, and its assessment
of changes in both value and expectancy beliefs. In addition,
high school students’ gender was tested as a potential individual
moderator. We chose to focus the experiment on a computer
science major primarily because computer science majors have
some of the highest paid and most widely available job prospects
among the pSTEM fields [National Science Foundation (NSF),
2019]. Yet, these majors continue to have low enrollment
among women and other historically marginalized groups, even
when compared to other pSTEM domains [National Science
Foundation (NSF), 2019]. One reason for this may be the
“coding genius” stereotypes that individuals often associate with
computer science (e.g., Cheryan et al., 2013).

METHOD

Participants
Participants were 213 students enrolled in physical science
classrooms in four Northern California High Schools; 226
participants began the survey however 13 did not complete it.
A power analysis indicated that 212 participants were needed to
determine within-group differences. Participants were randomly
assigned into the control condition (n = 110, 51.6%) and
the experimental condition (n = 103, 48.4%). About half of
participants self-identified as a girl (n = 100, 46.9%) and
half as a boy (n = 113, 53.1%). Most of the students in the
study were sophomores (n = 101, 47.4%) or juniors (n = 84,
39.4%). Additionally, there were 27 seniors (12.7%) and one first-
year student. Students’ self-identified ethnic-racial backgrounds
included Asian (n = 100, 47%), White (n = 64, 30%), Latina/o/x
(n = 25, 12%), multiethnic (n = 21, 10%), Black (n = 1),
Native American (n = 1), or unreported (n = 1). Due to
the small numbers of students from underrepresented groups,
underrepresented status was not tested as a moderator.

Procedure
After obtaining Institutional Review Board (IRB) approval,
teachers were recruited via the school district science
coordinator, and science teachers then recruited students
in their classroom; all students were currently enrolled in at
least one science and one math course. In a school district of
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FIGURE 1 | Genius experimental condition stimuli.

seven high schools, four participated with about 4% of the 8,000
students completing the survey. Teachers gave the online survey
to students in their classroom and were compensated for their
time with a $100 Amazon gift card. After students assented, they
were first asked demographic questions. Next, pSTEM (physical
science, computer technology, engineering, math) was defined
as such, with examples of pSTEM courses (e.g., chemistry,
computer science, physics) (see Supplementary Materials for
more detail). Students were then administered scales to assess
expectancy-value beliefs in pSTEM. Next, students silently read
one of the two randomly assigned short articles. Finally, students
completed measures of their expectancy-value beliefs again.
The expectancy-value scale items were presented in random
order in the pre- and post-test. The experiment was the last
portion of a larger study investigating nerd-genius stereotypes
and self-concepts. Demographic variables were asked at the
very beginning, followed by the 20-min survey (not included
in the present study). Then, the experiment took place in the

final 10min. Participants answered the expectancy-value beliefs
scale questionnaire, read the randomly assigned stimuli, then
answered the post-experiment questions.

Materials
Participants were randomly assigned to read one of two
fabricated high school newspaper articles created for this study.
Both articles were entitled “College Life: Meet Markus, a
Computer Science Major,” and discussed what college is like as
a computer science major via a student named Markus. The
length of the story was based on prior research (Cheryan et al.,
2013) and the style of the mock online article (such as the
font, social media logos, picture, and quotation style) mimicked
the layout of the high school districts’ online student paper.
The genius condition article was written to invoke the genius
stereotype about computer scientists (e.g., Cheryan et al., 2013).
It portrayed Markus as someone who is naturally gifted in STEM
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FIGURE 2 | Control condition stimuli.

subjects, began coding at an early age, and spent both his in-
school and free time devoted to activities such as “hacking”
and taking pSTEM courses. Additionally, Markus is quoted as
describing coding as requiring “real talent” and stating that in
order to succeed in college as a computer science major, high
school students should solely focus on taking computer science
courses and teaching themselves to code (see Figure 1 for full
text). The control condition article portrayedMarkus as a student
who discovered coding later in life, took a variety of courses in
high school (including art), and described coding as something
“anyone can be good at” (see Figure 2 for full text). The control
article directly challenged the genius stereotype with a quote from
Markus (“I used to think you had to be some sort of genius to
succeed in computer science, but that’s not true”). Otherwise, the
articles were similar and the same length.

Measures
The measures used in the present study are described below (see
Supplementary Materials for a full list of measures).

Background Variables
Students were asked to report their gender, ethnic/racial
background, year in school, and math grade.

pSTEM Expectancy and Value Beliefs
Expectancy-value beliefs (Eccles and Wigfield, 1995) in pSTEM
were measured before and after reading the article. Ten
items assessed expectancy beliefs (pSTEM self-concepts and
expectations for success; pretest: α = 0.92; posttest: α = 0.94).
Example expectancy beliefs item: “How well do you expect to do
in your pSTEM courses this year?” (1 = not at all well; 3 = fairly
well; 5 = exceptionally well). Four items assessed value beliefs
(attainment value and utility value; pretest: α = 0.86; posttest:
α = 0.85). Example value beliefs item: “How important is it to
you to do well in pSTEM courses?” (1 = not at all important;
3 = somewhat important; 5 = most important). All items were
rated on a 5-point scale; this was chosen to give participants a
neutral option (3) with two options on either side. Items were
averaged in SPSS to create a scale. These scale items are frequently
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TABLE 1 | Bivariate correlations across major variables.

1 2 3 4 5 6 8 9

1. Genius condition – 0.03 0.03 −0.10 0.00 0.03 0.03 0.01

2. Value beliefs pre – 0.49** 0.76** 0.54** 0.00 0.36** 0.13

3. Expectancy beliefs pre – 0.50** 0.91** −0.02 0.37** 0.12

4. Value beliefs post – 0.56** −0.01 0.37** 0.12

5. Expectancy beliefs post – −0.03 0.49** −0.12

6. Girl – 0.07 −0.07

8. Math grade – −0.08

9. Year in high school –

**p < 0.01.

TABLE 2 | Condition by time by gender ANCOVA.

Genius M (SD) Control M (SD)

Girls Boys All Girls Boys All

Value Beliefs Pre 3.36 (0.79) 3.46 (0.83) 3.41 (0.81) 3.47 (0.85) 3.33 (0.72) 3.40 (0.78)

Value Beliefs Post 3.11 (0.77) 3.25 (0.88) 3.19 (0.83) 3.39 (0.77) 3.27 (0.60) 3.33 (0.68)

Change (Post-Pre) −0.25 −0.21 −0.22 −0.08 −0.06 −0.07

Source SS df MS F p ηp2

Condition x Time 0.651 1 0.651 4.532* 0.034 0.021

Condition x Time x Gender 0.006 1 0.006 0.041 0.840 0.000

Error 30.188 210 0.144

Controlling for math course grade.

*p < 0.05.

used in research implementing expectancy-value theory, and
have been validated in prior studies, including with adolescent
U.S. samples (Eccles andWigfield, 1995; Lauermann et al., 2017).
Measures met statistical assumptions for inferential testing (e.g.,
both skewness and kurtosis were between 1 and −1, Mauchly’s
Test of Sphericity was not significant).

RESULTS

Bivariate correlations were run across key variables (see Table 1).
T-tests were conducted to assess potential experiment condition
differences; conditions did not significantly differ in pretest
pSTEM value or expectancy beliefs, math grade, gender,
race/ethnicity, or year in high school (all p’s > 0.05).

To test the hypothesis that reading an article highlighting
persons in pSTEM as geniuses would lower students’ pSTEM
expectancy and value beliefs, two mixed-design repeated-
measures ANCOVAs were conducted. Condition (genius vs.
control) and gender were between-group factors while math
grade was controlled as a covariate. The repeated measures
(Time) comprised pretest and posttest pSTEM value beliefs
in one model and pretest and posttest expectancy beliefs in
another model.

As we hypothesized, there was a significant Condition x Time
effect for pSTEM value beliefs (see Table 2). pSTEM value beliefs
of students in the genius condition had lowered significantly

following the experiment (pretest M = 3.41, SD = 0.81; posttest
M = 3.19, SD= 0.83) when compared to those in the non-genius
condition (pretest M = 3.40, SD = 0.78; posttest M = 3.33, SD
= 0.68); [F(1, 210) = 4.53, p = 0.03, ηp2 = 0.021] (see Figure 3).
However, there was not a significant Condition x Time effect
with pSTEM expectancy beliefs; [F(1, 210) = 1.01, p = ns, ηp2 =
0.005]. Gender did not significantly moderate the interaction in
either ANCOVA.

DISCUSSION

Using situated expectancy-value theory as a framework, this
study investigated whether a short article portraying a computer
science major as a genius (vs. hardworking) lowered high
school students’ expectancy and value beliefs. As hypothesized,
students’ pSTEM value beliefs significantly declined in the genius
condition but not the control condition. This result complements
a previous experiment with undergraduate women finding
the nerd stereotype about computer scientists undermined
their computer science interest (Cheryan et al., 2013). The
findings support a tenet of situated expectancy-value theory that
cultural stereotypes impact motivational beliefs. Moreover, the
results are consistent with prior correlational research indicating
negative relations between endorsing STEM-genius stereotypes
and participants’ STEM value beliefs (e.g., Hannover and Kessels,
2004; Garriott et al., 2017; Starr, 2018). The present study
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FIGURE 3 | Value beliefs pre- and post- experiment, by condition. Controlling

for student math grade.

provides experimental evidence that genius-stereotyped media
can reduce adolescents’ value beliefs in the physical sciences,
technology, engineering, and math.

In the present experiment, there was no effect on students’
pSTEM expectancy. This finding is in contrast to prior
correlational studies which found negative relations between
genius stereotype endorsement and expectancy beliefs (e.g., Starr,
2018). Changes in expectancy beliefs may be more dependent
on feedback and evaluation from others over time (Muenks
et al., 2018). Prior research investigating the nerd stereotype
about computer scientists did not investigate expectancy beliefs
(Cheryan et al., 2013). Future work might examine both the
nerd and genius stereotype’s impact on pSTEM expectancy
beliefs experimentally in different ways (e.g., repeated exposure,
exposure combined with feedback).

Contrary to expectation, gender was not a significant
moderator. In an earlier experiment upon which the present
study was based, reading a stereotyped article about pSTEM
professionals as nerdy indicated an effect on women but not men
(Cheryan et al., 2013). However, research guided by balanced
identity or prototype-matching approaches suggests the effect
of the pSTEM-genius stereotype may partly depend on whether
individuals view themselves as talented in the subject or whether
they endorse the stereotype (e.g., Hannover and Kessels, 2004;
McPherson et al., 2018; Starr and Leaper, 2019). In similar
ways, these processes need to be explored with underrepresented
minoritized students who may be less likely than other students
to view themselves as geniuses. Future research might explore
gender and race/ethnic as moderators among larger samples,
using the balanced identity or prototype matching approach.

A few limitations of this study can be noted. First, the
sample was not sufficiently large and ethnically diverse to analyze
race/ethnicity as a potential moderator. Second, the experimental

manipulation employed only a male character in each condition.
Future studies should take into account the gender of the
character. Furthermore, the manipulation was brief; future
studies might longitudinally explore stereotyped media exposure
influences motivational beliefs over time. Finally, the present
study explored motivational beliefs in pSTEM, although prior
research suggests that identity beliefs or belonging in pSTEM
may also be affected by genius stereotypes. Future research might
experimentally explore identity or belongingness outcomes and
might include different types of media.

In conclusion, the present experiment highlights the
importance of fostering an inclusive classroom climate that does
not invoke or reinforce the genius stereotype (Cheryan et al.,
2013). For example, classroom artifacts (e.g., posters of Einstein),
popular media (such as The Big Bang Theory), and perhaps
teachers’ comments may highlight the genius stereotype about
pSTEM. Furthermore, researchers can explore interventions
to decrease the impact of this stereotype in conjunction with a
growth mindset approach (e.g., Burnette et al., 2020).
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