


Does stereotype threat affect creative thinking in  
female engineering students? 

A behavioral and neurocognitive study 
 
 
Undergraduate education is a formative and intellectually creative period during which students 
develop identities as STEM professionals capable of producing scientific knowledge and 
creating technological innovations. Although creativity and divergent thinking are among the key 
success ingredients for STEM professionals, little is known about underlying neurocognitive 
processing and its behavioral manifestations. The overarching goal of this NSF-funded research 
program is to examine the neural and cognitive mechanisms underlying creative thinking. A 
second goal is to examine how creative thinking is affected by factors in the educational and 
social context, with a specific focus on female engineering students. This paper reports a first 
study that examines how stereotype threat affects the neural correlates associated with creative 
thinking in female engineering students and the behavioral outcomes of their creative thinking. 
As will be discussed in more detail below, negative stereotypes of women’s abilities have been 
identified as an important factor associated with the social-cultural environment that contribute 
to the low representation of women in certain STEM fields, such as engineering.  
 
Although women have earned 57% of all bachelor's degrees since the late 1990s, the gender 
distribution is uneven across different fields [1]. For example, in 2012 women earned 70% of the 
U.S.'s bachelor's degrees in psychology, but only 19% of the bachelor's degrees in engineering. 
Nationwide, the relatively low percentage of women engineering majors has remained stable 
over the past 15 years, even though other STEM fields (e.g., biology, chemistry, life sciences) 
have seen a steady and substantial gain in the percentage of women majors [2, 3]. Gender gaps in 
STEM majors such as engineering have important societal and professional implications, 
because these fields miss out on potential contributions of talented women and on benefits of 
gender diversity within organizations, including greater creativity, innovation, and collective 
intelligence [2, 4, 5, 6]. 
 
Why are some STEM disciplines, such as engineering, not able to educate and graduate a higher 
number of women?  In their review paper on differences in gender disparity across different 
STEM fields, Cheryan and colleagues [2] identified negative stereotypes of women’s abilities as 
one of the two main factors associated with the social-cultural environment that contribute to the 
relatively low representation of women in certain STEM fields (the second factor is scarcity of 
relatable female role models). Moreover, undergraduate women majoring in engineering, 
computer science, or physics (STEM fields with the largest gender disparities) reported greater 
concerns about being stereotyped negatively because of their gender than women majoring in 
STEM fields with no or smaller gender disparities, such as biology [2].  
 
One persistent stereotype of women’s abilities relates to their perceived lack of creativity. 
Research has shown that men are perceived as being more creative than women, and individuals 
are more likely to associate creativity and innovative work behavior with men than with women 
[7, 8]. In a series of five experiments, Proudfoot and colleagues [8] found that men and women 
tend to associate creative thinking with agentic qualities (e.g., daring, self-reliant) more typically 
ascribed to men than to women, and to judge men as more creative than women. For example, 



men were ascribed more creativity than women even though they produced identical output 
(Experiment 2) and female executives were evaluated as less innovative in their thinking than 
their male colleagues when evaluated by their supervisors (Experiment 4). Likewise, in 
complementary field and experimental studies, Luksyte and colleagues [7] observed that 
innovative work behaviors were stereotypically associated with men more than with women, and 
favorable performance evaluations were associated with innovative working behaviors for men, 
but not for women.  
 
In the present research project, we investigated how creative thinking in female engineering 
students is affected by feedback expressing negative stereotypes in the form of a stereotype 
threat. Stereotype threat is a self-confirming belief that one may be evaluated based on a negative 
stereotype. Individuals targeted by this negative stereotype feel pressure to avoid being judged in 
light of the stereotype and worry that they inadvertently confirm it through their performance in 
that domain. Specifically, a US-based longitudinal study found that experiences of stereotype 
threat among women made them more likely to leave engineering, science, and mathematics 
majors [9]. Stereotype threat also impairs stereotyped students to build abilities [10] and 
undermines their test performance in the threatened domain [11], even if they have positive 
STEM attitudes [12]. For example, briefly referring to a person’s gender prior to completing an 
ability test (e.g., intelligence, math) adversely affected test performance in women, consistent 
with typical stereotypes about the abilities of women in these domains [10, 12, 13]. In the study 
reported here, engineering students completed creative thinking tasks while the electrical activity 
of their brain was recorded using electroencephalography (EEG). Halfway the experiment, the 
experimenter and a male undergraduate student-assistant delivered a stereotype threat. The 
critical question is to what extent female students’ creative thinking is affected by a stereotype 
threat, as indexed by changes in behavioral and brain activity measures before and after the 
delivery of the stereotype threat.  

 
Experiment 
 
Twenty-seven female undergraduate students have in the experiment. They were asked to 
generate novel ideas to common objects (Alternative Uses Task) or come up with solutions to 
hypothetical situations (Utopian Situation Task) while their EEG was recorded to assess task-
related changes in spectral power in the alpha frequency band [14]. Half of the items in both 
tasks related to engineering knowledge and half to general knowledge. Tasks and items were 
counterbalanced across participants using a Latin-square design. 
 
Halfway the experiment, participants were allowed a short break, during which the male 
experimenter and a male undergraduate student entered the testing room and performed a 
scripted conversation with the female participant, which had the aim of inducing a stereotype 
threat. The stereotype threat was part of the conversation between the male experimenter, male 
undergraduate student, and female participant. The stereotype threat was modeled after the work 
of [15, 16, 17], and expressed by the male undergraduate student as follows “We’re looking how 
you’re doing. What we’ve seen so far is that women tend to struggle with this task, so please try 
to do the task to the best of your ability after the break.” After the experiment, participants 
answered manipulation check questions which verified the delivery of the stereotype threat.  
 



Electrophysiological data were continuously recorded in reference to electrode FCZ at a rate of 
500 Hz from 30 Ag/AgCl active ActiCAP electrodes (Brain Products GmbH, Germany). EEG 
signals were amplified with a Neuroscan SynAmps2 amplifier unit (El Paso, TX) and filtered 
online with a band pass filter between 0.05 and 200 Hz. 
 
Behavioral results 
 
The analysis of the behavioral data focused on ideational fluency (i.e., the number of generated 
ideas) in both the Alternative Uses Task and Utopian Situations Task, taking into account item 
type (engineering, non-engineering) as well as the impact of the stereotype threat by comparing 
idea generation pre- and post-threat implementation. A within-subject repeated measures 
ANOVA model (Item Type (engineering, non-engineering) × Stereotype Threat (before, after) × 
Task (Alternative Uses Task, Utopian Situations Task)) showed that in the Utopian Situations 
task, more ideas were generated for non-engineering items than for engineering items, but no 
such difference was obtained in the Alternative Uses Task. Importantly, the stereotype threat did 
not impact performance in either the Alternative Uses Task or the Utopian Situations Task.  

 
Electrophysiological results  
 
Based on previous work [18], we computed task-related power (TRP) changes in the lower and 
upper alpha band during creative ideation periods before and after the administration of the 
stereotype threat. Generally, with this technique, task-related power changes are assessed by 
contrasting the power in a given frequency band during a cognitive task with a preceding 
reference interval; power decreases from a reference to an activation interval are termed event-
related desynchronization (ERD), and power increases are referred to as event-related 
synchronization (ERS). Event-related desynchronization and synchronization of the alpha band 
frequencies have been found to be especially sensitive to cognitive task performance and higher 
cognitive abilities, such as memory [19], language processing [20, 21], and creative idea 
generation [14].  Importantly, EEG alpha power has been found to vary as a function of 
creativity-related task demands and the originality of the idea. EEG alpha power has also been 
found to increase after interventions aiming to enhance creativity [14]. 
 
TRP values in the lower alpha band (8–10 Hz) and upper alpha band (10–12 Hz) were analyzed 
separately by means of two Repeated Measures (RM) ANOVA, with Stereotype threat (pre vs. 
post), Hemisphere (left vs. right) and Channel location (6 per each hemisphere: fronto-anterior 
left hemisphere (electrodes: FP1, F3, F7), fronto-anterior right hemisphere (electrodes: FP2, F4, 
F8), fronto-central left hemisphere (electrodes: FC1, FC5), fronto-central right hemisphere 
(electrodes: FC2, FC6), centro-temporal left hemisphere (electrodes: C3, T7), centro-temporal 
right hemisphere (electrodes: C4, T8), centro-parietal left hemisphere (electrodes: CP1, CP5), 
centro-parietal right hemisphere (electrodes: CP2, CP6), parietal left hemisphere (electrodes: P3, 
P7), parietal right hemisphere (electrodes: P4, P8), parieto-occipital left hemisphere (electrodes: 
PO9, O1), parieto-occipital right hemisphere (electrodes: PO10, O2)), as within-subject 
variables.   
 
The RM ANOVA in the lower alpha band revealed greater alpha event-related synchronization 
(ERS) in the right compared to the left hemisphere channels. Importantly, the effect of threat was 



also significant, with more increased alpha-ERS in the post-threat than the pre-threat part of the 
experimental task. This increased alpha-ERS in the post-threat compared to the pre-threat 
condition occurred across all channel locations; increased alpha-ERS after intervention has been 
associated with enhanced creativity [18] and/or increased internal attention demands (‘reliving’ 
the threat in the mind’s eye; [22]). The RM ANOVA in the upper alpha band reported similar 
results. There was greater ERS in the right than in the left hemisphere. Hence, also in the upper 
alpha frequency band there was increased alpha-ERS during ideation in the post-threat relative to 
the pre-threat condition, signifying enhanced creativity and/or increased internal attention 
demands in ideation after the stereotype threat.  

  
Conclusion 
 
The behavioral findings indicate that the stereotype threat did not affect the number of ideas 
female students generated (i.e., ideational fluency) in the Alternative Uses Task and the Utopian 
Situations Task. Interesting, brain activity associated with ideation during these tasks showed an 
increase in task-related power (TRP) changes in the lower and upper alpha frequency bands after 
the delivery of the stereotype threat. Building on earlier research [18] that found that EEG alpha 
power increases as fluency and originality of ideas generated during the Alternative Uses Task 
increases, the neurocognitive findings suggest that the stereotype threat boosted rather than 
restrained creative thinking in females. Alternatively, stereotype threat may have increased 
internal attention demands by means of reliving the threat in the participants’ minds [22]. These 
alternative explanations will be further tested in future experimentation.  
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