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ABSTRACT

Stereotype threat (ST) is implicated as a contributory factor to attrition in Science Technology 

Engineering and Math (STEM) fi elds. One of the mechanisms by which ST degrades performance 

is by impairing metacognitive monitoring (Schmader et al. 2008), which is positively related to 

learning and performance (Hadwin et al., 2017; Winne & Hadwin, 1998, 2008). Several interventions 

to improve metacognition exist, but to our knowledge, none have evaluated their eff ectiveness in 

improving performance outcomes among ST susceptible students who are more likely to suff er 

situational defi cits in metacognitive processing under threat. 

The present investigation fi lls this gap in the literature through a brief intervention to improve 

performance judgments. 25 Black Engineering students participated in a four-week intervention to 

improve judgments of learning. Results showed that the intervention improved student calibration 

among Black engineering students susceptible to race-related ST and attenuated the negative rela-

tionship between calibration bias and performance. Specifi cally, study participants  underestimated 
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their performance, which was negatively and signifi cantly associated with performance at the onset 

of the study. However, calibration bias diminished signifi cantly over the intervention and subsequently 

had no impact on performance at four and six weeks (two weeks post-intervention).

Key words: stereotype threat, engineering, intervention, metacognitive monitoring, self-regulated 

learning

 INTRODUCTION

The United States’ global position in Science, Technology, Engineering and Mathematics (STEM) 

has experienced a steady but marked decline in the last decade. The nation currently ranks 38 out 

of 71 countries in math and science (Pew Research 2017) and 30 out of 35 among members of 

the Offi  ce of Economic Co-operation and Development (OECD). The current challenges faced in 

producing and retaining STEM talent are partly because the fi eld has not fully accessed the human 

talent pool: Women and people of color (POC) have been and still are under-represented in fi elds 

like in engineering and computer science; Black and Hispanic people constitute only 5% and 6% of 

the Science and Engineering workforce relative to their participation in the U.S. workforce (i.e., 15% 

and 16%), respectively (NSF 2017). 

 The under-representation of people of color in science and engineering stem from a span of com-

plex structural, cultural and psycho-social factors, all inter linked. These disparities are perpetuated 

in part by (a) cultural beliefs that raw talent (brilliance) is critical to success in STEM, and stereotypes 

that associate this brilliance with men (e.g., Bian, Leslie, & Cimpian 2017; Elmore & Luna-Lucero 2017; 

Kirkcaldy, Noack, Furnham, & Siefen, 2007; Lecklider 2013), as well as (b) stereotypes that disparage 

the intellectual abilities of women and non-Asian minorities in these domains. Regarding the latter, 

individuals belonging to marginalized groups can sometimes experience concern and anxiety over 

confi rming as self-characteristic, negative stereotypes associated with their social group (Steele 

et al. 2002). This phenomenon, called stereotype threat, is experienced in situations that signal sub-

tly, that a person, by virtue of belonging to a stigmatized group, is socially devalued (Steele et al. 

2002). Despite the gradual entry of non-Asian minorities and women in science and engineering, 

stereotypes questioning their competence in these domains persist, with serious implications for 

long-term their engagement and achievement. Large scale, longitudinal studies also implicate ST 

as a deterrent to further involvement of females in STEM (Beasley & Fisher 2012; Woodcock et. al 

2012) and as a contributory factor to the increased attrition of women and people of color from 

these disciplines (Beasley & Fisher 2012). 
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A primary mechanism through which ST degrades performance is by impairing metacognitive 

planning, monitoring and attention regulating processes (Forbes et al. 2008; Forbes & Leitner 

2014; Forbes et al. 2015). Although several interventions to improve metacognition exist, none have 

examined their eff ectiveness among stereotype threat susceptible students, who are more likely 

to suff er situational defi cits in metacognitive processing under threat. Likewise, interventions to 

remedy metacognitive defi cits evoked by ST are also lacking in the ST literature, despite evidence 

in the broader metacognition literature that metacognitive skills such as those implicated in the ST 

process, are not only trainable but can also reverse the negative trajectory of performance among 

poorly self-regulated learners in several domains (MacDaniel et al. 2021; Theobald, 2021), including 

engineering (Cervin-Ellqvis et al. 2021; Cunningham et al. 2016; Lawanto et al 2017; Saez et al. 2018; 

Saez et al. 2020). 

The present investigation fi lls this lacuna in both literatures (metacognition and ST) by assessing 

whether skills-based training to enhance metacognitive monitoring can translate to positive gains 

in mathematics performance for Black engineering students identifi ed as highly susceptible to ST. 

Black and Brown students susceptible to stereotype threat represent the most vulnerable within the 

sub-population of ethnically underrepresented groups in fi elds like Engineering. As the deleterious 

impacts of ST on performance are mediated in part by metacognitive monitoring, interventions to 

remedy such metacognitive defi cits experienced under threat could possibly attenuate short and 

long-term eff ects of the phenomenon (under-performance, domain disidentifi cation and attrition), 

for students belonging to this vulnerable group. 

 The study focused on engineering students because metacognition, which is critical to the 

self-evaluation of one’s knowledge and abilities (Paris & Winograd 1990), is essential in both 

mathematics (Carr & Biddlecomb 1998; Schoenfeld, 1992), and engineering (Case, Gunston & 

Lewis 2001; Lawanto 2010; Newell et al. 2004). Also, studies show that that training engineering 

students in metacognitive skills has been effective in improving their use of effective learning 

strategies and related metacognitive judgments regarding the effectiveness of these strategies 

(Kupriyanov et al. 2021; Manganello & Falsetti 2019; Lawanto et al. 2014; Santangelo et al. 2021; 

Sedraz et al. 2018; Zheng et al. 2016). Further, metacognitive processes aid engineers in iden-

tifying, defining and mentally representing problems, planning solution procedures, evaluating 

solution progress and the final solution (Davidson, Deuser & Sternberg 1994). Metacognitive 

strategies used in problem-solving include establishing task demands, formulating and execut-

ing action plans, finding similarities between problems (task knowledge), recognizing incon-

sistencies, and identifying constraints, to name a few (Meijer, Veenman & Hout-Waters 2006). 

All these strategies support one’s ability to navigate and persist through solving ill-structured 

problems, which is at the heart of innovation in engineering. Therefore, honing metacognitive 
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skills is  essential to success as an engineer, and subsequently, to increasing the competitive edge 

of future engineers on the global landscape.

Mathematics performance was selected as a performance metric in this study because it is the 

gateway subject to the physical sciences. engineering, in particular involves the application of math-

ematical and scientifi c principles to solve real world problems (Lawanto & Febrian 2017; Sánchez-

Arevalo et al. 2018). Secondly, metacognitive skills are not only inseparable from math knowledge 

(Schoenfeld 1985), but they are also essential to mathematical problem solving (Borkowski 1992; 

Carr & Biddlecomb 1998; De Corte, Verschaff el, & Op’t Eynde 2000), and account for 37–42% of 

the variance in mathematics performance (Desoete et al. 2001; Desoete & De Craene 2019; Muncer 

et al. 2022; Ozsoy et al. 2011). 

THEORETICAL FRAMEWORK

Pintrich’s Model of Self-Regulated Learning 

Metacognition refers to knowledge about one’s cognitive processes (Pintrich 2000). Self-regulated 

learning (SRL) refers to the deliberate control of one’s thoughts, feelings, and actions before, dur-

ing and after a task to achieve valued goals (Zimmerman 2008). Pintrich (2000) posits SRL as a 

cyclical process that occurs in four time-ordered sequential phases during the completion of a task. 

These are: planning and goal setting, monitoring, control, and refl ection / evaluation. Learners use 

these phases to regulate their own cognition, behavior, and aff ect (motivation), as well aspects of 

the environment where learning occurs. 

In the area of cognition (the primary focus of this study), planning, monitoring, control, and evalua-

tion are key elements of the metacognitive component of the SRL process, for they allow one to adapt 

or change cognitive strategies to foster student learning and achieve the academic goals (Pintrich 

et al. 1991; Pintrich & Zusho 2002; Zimmerman 2000, 2002). Planning involves allocating cognitive 

resources to facilitate effi  cient and eff ective problem solving and select appropriate problem-solving 

strategies. Monitoring refers to one’s awareness or forethought of one’s understanding and perfor-

mance; it involves self-monitoring and regulating behaviors during tasks (Pintrich 2000; Schraw & 

Moshman 1995), more specifi cally, actively monitoring task progress against established standards and 

making performance-related self-judgments (i.e., judgements of learning or performance) during and 

after a task, that provide internal feedback for the learner. Finally, evaluation refers to fi ne-tuning and 

continuous adjustment of one’s cognitive activities (Pintrich et al. 1991). It involves refl ection on one’s 

personal weaknesses and strengths relative to established goals, and how strategies can be improved 

upon to optimize performance on future academic tasks (Greene & Azevedo 2007; Pintrich 2000).
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Metacognitive Monitoring

Metacognitive monitoring allows learners to generate judgments that help them evaluate how 

well they are achieving the learning and performance goals that they set for themselves. These 

judgments become the starting point for learners to evaluate, change, or maintain the learning 

strategies that they use to solve problems. Thus, monitoring involves judgments of learning (JOLs) 

or monitoring comprehension (Flavell 1989; Nelson & Narrens 1990), which manifest when learners: 

(a) judge how well they are learning specifi c learning content; (b) monitor their understanding, by 

asking themselves questions as they perform activities like reading, writing or mathematical opera-

tions; (c) judge how well they can learn or remember after studying a specifi c material; and (d) assess 

how well they perform in particular academic task before and after performing it (Pintrich 2000). 

Metacognitive Judgements of performance

Metacognitive judgments reference either judgments of learning or judgements of performance 

(Alexander 2013; Gutierrez de Blume 2022; Dunlonsky & Thiede 2013), which are distinguished as 

follows: JOL is refers to judgments made to evaluate how well specifi c content is understood or 

how well information can be recalled (Nelson & Narrens 1990; Kornell & Hausman 2017), whereas 

Figure 1. Stereotype Threat Reduction Intervention Program within the context of the 

Stereotype Threat Process Model.
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judgments of performance (JOP) refer to one’s judgment about the possibility of doing well on a 

given task before or after performing it (Linchtestein et al. 1982; Rawson & Dunlonsky 2007; Schraw 

& Dennison 1994). Both types of judgments can be predictive (estimated prior to) or postdictive 

(estimated after) executing a task (Gutierrez De Blume et al. 2020; Nguyen et al. 2018). 

Metacognitive judgments of performance refl ect the gap between a learner’s actual performance 

and his or her own judgment of the same (Schraw & Dennison 1994; Dunlonsly & Thiede 2013). 

These judgments off er insights on how well calibrated learners are, on a given subject. Calibration 

is typically assessed using calibration bias and calibration accuracy (Schraw 2009). Calibration 

bias occurs when there is a discrepancy between one’s judgment of performance and one’s actual 

performance. Thus, calibration bias refers to the degree to which individuals over or under-estimate 

their perceived judgments of performance (Dunlonsky & Rawson 2012; Kruger & Dunning 1999; Serra 

& Metcalfe 2009; Schraw et al 1993). Large discrepancies between students’ estimated scores and 

their actual scores indicate high degrees of calibration bias and vice versa for small deviations. Cali-

bration accuracy refers to the magnitude of judgment errors (Pajares & Graham 1999). It refl ects the 

deviation of the absolute value of a bias score from 100 with higher values denoting smaller errors 

in judgement, and vice versa (Schraw 2009).

Studies show that calibration accuracy predicts student performance on exams (Gutierrez de 

Blume, 2022; Hacker et al., 2000; Koevoets-Beach et al. 2023; Nietfi eld et al. 2005). College students 

aren’t always aware of their skills levels, however: Most tend to be poorly calibrated, and inclined to 

over or under-estimate their performance. This is especially so for low achieving students (Hawker 

et al. 2016; Fakcharoenphol et al. 2015; Morphew 2021; Tauber & Dunlosnky 2015), who tend to be 

poorly calibrated with respect to predictive and postdictive judgements of performance (Händel, 

et al. 2018). Multiple factors contribute to calibration accuracy and bias, among them, low self-effi  cacy 

and negative emotional reactions to the task (Niefi eld et al. 2005; Talsma et al. 2018), the level of 

diffi  culty of the task and teacher feedback (Kruger & Dunning 1999; Muis et al. 2016), learners’ prior 

knowledge about (a) the task and (b) the most appropriate strategies to solve it, to name a few 

(Rawson & Dunlonsky 2007). 

Stereotype Threat 

Stereotype threat arises when one performs a challenging task and experiences anxiety over con-

fi rming negative stereotypes about the ability of their social group in a given domain (Steele 1997). 

Studies show that non-Asian ethnic minorities (Steele & Aronson 1995; Steele 1997; Armenta 2010) 

and women (Spencer, Steele & Quinn 2001) tend to experience stereotype threat (ST, hereafter) 

when reminded of negative stereotypes about their intellectual prowess, and quantitative ability, 

respectively. ST undermines performance in the short term (Steele 1997) and over time, chronic 
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exposure to the phenomenon lowers sense of belonging to, and subsequently disengagement from 

the stereotype-relevant domain (Steele et al. 2002). 

Most ST research has examined gender-related ST — the impact of negative gender stereotypes 

on the quantitative performance of women (Picho-Kiroga et al. 2021), although a reasonable amount 

of research on race-focused ST also exists. In typical race-ST experiments, Black or Hispanic students 

complete challenging tasks of verbal or quantitative reasoning under neutral or stereotype conditions 

where stereotypes alleging intellectual inferiority of these ethnic groups is made salient. A stereo-

type threat eff ect is present when members of these groups who are exposed to such stereotypes 

underperform compared to their White or Asian counterparts (Steele & Aronson 1995; Armenta 

2010). Short-term, ST negatively aff ects performance, and over time, chronic exposure to ST leads 

to disidentifi cation — a situation where the members of the stigmatized group disengage from and 

lose interest in the stereotyped domain (Aronson et al. 2001; Casad et al. 2018; Dennehy et al. 2018). 

ST is not universal to an entire marginalized group; rather, within these groups, there is variability 

in level of susceptibility to ST based on essential conditions required for the phenomenon to oc-

cur: domain identifi cation, group identifi cation and stigma consciousness of the same, and lastly, 

negative emotions such as anxiety and worry, experienced in evaluative contexts (Steele 1997). 

According to theory, the sub-class of individuals who meet the essential conditions for ST are the 

most likely to be experience short and long-term eff ects of ST e.g., poor performance, and attrition 

from stereotype-relevant domains such as STEM. To our knowledge, this is the fi rst study targeted 

towards students who meet the essential theoretical conditions for ST susceptibility (Steele 1997; 

Schmader et al. 2009). 

Stereotype Threat and Metacognition 

Theoretical models of the ST process have implicated three primary pathways through which 

the phenomenon impairs performance: physiological stress responses that impair prefrontal pro-

cessing, active metacognitive self-monitoring which aff ects regulation of attention, and eff orts to 

suppress negative thoughts and emotions that arise during cognitive tasks (Schmader et al. 2008). 

To our knowledge these pathways have been little explored in a handful of studies (and hardly any 

interventions): Two experimental studies have examined emotion regulation and to our knowledge, 

none have looked at metacognitive monitoring. Results from the former provide evidence to support 

that using adaptive emotion regulation strategies like cognitive reappraisal can, in fact, reverse ST 

performance defi cits observed when emotion suppression is deployed (Johns et al. 2008; Logel et al. 

2009). ST disrupts performance by activating self-concepts relative to one’s (a) social (stereotyped) 

group, and (b) ability in the stereotype-relevant domain; it also activates propositional links between 

these self-concepts, which underlie the ST experience. ST occurs in the presence of a negative 
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propositional link where these aspects of self-concept are defi ned in opposition to another i.e., my 

group does not have this ability, I am like my group, but I think I have this ability. The negative link 

induces a state of cognitive imbalance that elicits (a) an acute physiological stress response (over 

confi rming the stereotype), and (b) increased vigilance (self-monitoring) to internal and/ external 

cues that may help disambiguate this confl ict. The latter increases the individuals’ focus on his/herself 

and on their performance; for those susceptible to ST who are already concerned over confi rming 

the group stereotype, and a motivated to disconfi rm the same, which translates to a heightened 

vigilance to detect signs of failure (Schmader et al. 2008). This, however, taxes working memory 

and degrades the ability to regulate attention during complex tasks, subsequently impairing task 

performance under stereotype threat. Thus, under ST, metacognitive monitoring is misdirected to 

focus on alleviating stereotype-based concerns rather than outcome-based concerns (strategies to 

enhance successful problem solving), with negative consequences for performance. 

 LITERATURE REVIEW

Self-regulated Learning Intervention Research

Interventions to improve judgements of performance (or learning) have been conducted with 

freshmen, junior and sophomore students, mostly white and between ages of 18-21 years. The inter-

ventions also vary in design; some provide student feedback on their self-judgments of performance 

on exams regarding the magnitude of errors in their judgements (Callender et al. 2016; Neitefi eld 

Figure 2. Pintrich’s Model of Self-Regulated Learning. Adapted from Pintrich, R. (2000). 

The role of goal orientation in self-regulated learning. In M. Boekaerts, P. R. Pintrich, & M. 

Zeidner (Eds). Handbook of Self-Regulation (pp. 451-502). Academic Press. https://doi.

org/10.1016/B978-012109890-2/50043-3

https://doi.org/10.1016/B978-012109890-2/50043-3
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et al. 2006; Urban & Urban 2019) and others focus on teaching the importance of calibration, the 

dangers of poor calibration bias, how to select appropriate study strategies and evaluate the useful-

ness of strategies used to understand the subject matter (Bruin et al. 2017; Osterhage et al. 2019; 

Morphew 2021).

 There are also other interventions that off er practical applications to practice judgments of 

performance in class unit activities with opportunities to receive feedback on the accuracy of these 

judgments. Calibration bias – over-estimation specifi cally, declines signifi cantly in interventions that 

combine teaching about judgements of performance (calibration bias and accuracy) with practice 

and feedback, compared to interventions where only practice and feedback are provided (Handel 

et al. 2020).

 Studies show that over time, student practice with judgments of performance, coupled with 

feedback on the accuracy of these judgments substantially reduces calibration bias (Fakcha-

roenphol et al. 2015; Morphew et al. 2020; Tauber & Dunlosnky 2015), and consequently improves 

academic performance (Baars et al. 2014; Rawson & Dunlonsky 2007; Testa et al. 2023). These 

results have been consistent in ecological settings e.g., classrooms (Callender et al. 2016; Handel 

et al. 2020; Neitefi eld et al. 2006; Urban & Urban 2019) and among STEM students (Bruin et al. 

2017; Hawker et al. 2016; Morphew 2021; Osterhage et al. 2019). However, despite the consensus 

that monitoring can be improved by enhancing self-judgments of learning and performance i.e., 

student calibration, (Mathabe et al. 2014; Foster et al. 2017; Nietfeld & Schraw 2002), the impact of 

calibration on performance appears to vary for high and low performing students. Interventions to 

improve student calibration tend to work better for high but not low-performing students (Hacker 

et al. 2000; Nietfeld et al. 2005; Foster et al. 2017; Gutiérrez & Price 2016), even in undergradu-

ate disciplines like chemistry (Hawker et al. 2016; Mathabe et al. 2014; Pazicni & Baur 2014) and 

biology (Ziegler & Montplaisir 2014). These interventions appear particularly ineff ective for low-

performing students, who are inclined to overestimate their performance (Osterhage et al. 2019; 

Morphew 2021; Bruin et al. 2017). This is likely because low-performing students are less likely to 

use the results of previous performance on tests or exams to make new predictions on subsequent 

assessments. As such, their predictions about performance are likely to be infl uenced by their 

desired or aspired grades rather than by their actual performance (Saenz et al. 2017; Persky et al. 

2020). Therefore, low performing students are likely to benefi t from interventions that not only 

include practice on self-judgments, but also integrate instruction on selecting relevant cognitive 

study strategies, exercising awareness of when changes in study strategies are needed, evaluating 

strengths and weaknesses as learners, and lastly, increasing metacognitive awareness (awareness 

of progress towards learning goals) to improve understanding and performance (Emory & Luo 

2022; Cogliano et al. 2021; Foster et al. 2017).
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Stereotype Threat and Self-Regulation

Studies show that metacognitive monitoring is enhanced when individuals learn to gauge their 

performance on tasks against established standards more accurately, which in turn improves 

student performance (Bol & Hacker 2012; Crespo 2004; Gutierrez de Blume 2022; Hacker et al. 

2000; Huff  & Nietfeld 2009; Kim 2018; Morphew 2021; Nietfeld et al. 2005; Nietfeld et al. 2006; 

Thiede et al. 2003). However, empirical studies show that ST diminishes one’s capacity to generate 

problem-solving strategies on diffi  cult quantitative problems i.e. metacognitive planning (Quinn & 

Spencer 2001). It also compromises monitoring processes by redirecting their focus from evaluat-

ing one’s performance relative to task goals, to (a) hypervigilance to error feedback (Forbes et al. 

2008), discrimination (Kaiser et al. 2006) and (b) gauge whether one’s behavior or performance 

is consistent with the negative group stereotype (Schmader et al. 2008). This impacts attentional 

regulation, and co-opts limited working memory, which subsequently impairs task performance. 

Electroencephalography (EEG) studies reveal robust neuro- responses of the brain to stereotype 

threat in the areas of metacognitive monitoring. Findings from these studies show that stereotype 

threat aff ects temporal regions of the brain that play a prominent role in performance monitoring 

processes (Forbes & Leitner 2014), and coactivates neural networks in the brain responsible for at-

tention regulation (Forbes & Leitner 2014; Forbes et al. 2015) which impair working memory, and 

hence performance. ST and metacognition are thus interlinked, as the former disrupts performance 

by impairing metacognitive (self) monitoring, which plays a role in optimizing cognitive perfor-

mance. Impediments to metacognitive processes can have a negative impact on performance, as 

demonstrated by the ST process model (Schmader et al. 2008). It follows then, that eff orts to rem-

edy defi cits in metacognitive monitoring and to attenuate emotion suppression and stress induced 

during ST, might be eff ective in abating eff ects of the phenomenon altogether, particularly among 

those susceptible to the phenomenon.

To our knowledge, there exists one intervention to address metacognitive monitoring in relation to 

ST. The Stereotype Threat Risk Reduction Program (STRIP, hereafter) is an evidence- and skills-based 

intervention designed to address two of the three previously mentioned mediating mechanisms of 

ST: metacognitive self-monitoring and emotion suppression. 

The STRIP Intervention

 STRIP is a dual model for ST reduction based on Schmader et al.’s (2008) expanded ST process model. 

It is a 12-hour, skills-based intervention which consists of knowledge and skills building. The knowledge 

component of the intervention teaches students about ST, its processes and impact; it also describes 

metacognition and emotion regulation, making connections between these constructs and ST. Specifi -

cally, how they can be applied eff ectively to minimize ST. Knowledge, being a secondary focus of STRIP, 
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accounts for a smaller proportion of the intervention i.e. 25% (or three of 12 hours) of the curriculum 

time, delivered didactically through lectures, and the use of video clips. The delivery format for skills 

training includes but is not limited to group discussions, scaff olding, and role play, to mention a few.

The skills building component is designed to counteract two of three previously mentioned me-

diating mechanisms through which ST impairs performance (self-monitoring and emotion suppres-

sion), by building metacognitive monitoring and adaptive emotion regulation skills (e.g., cognitive 

reappraisal), to minimize metacognitive defi cits, and supplant and attenuate emotion suppression 

and its eff ect on working memory under threat. The program covers emotion regulation skills such 

as cognitive reappraisal and psychological distancing, which arrest negative emotions before they 

can be destructive. Findings from prior research show that cognitive reappraisal is eff ective in re-

versing the deleterious impact of emotion suppression on the performance of marginalized groups 

under conditions of stereotype threat (Johns et al. 2008; Logel et al. 2009).

Intervention Action Pertinent to Metacognitive Skills Training. The literature indicates that self-

monitoring positively impacts performance. During ST however, self-monitoring is misdirected to 

focus on alleviating stereotype-based concerns rather than outcome-based concerns (i.e., strate-

gies to enhance successful problem solving). This degrades the ability to regulate attention during 

complex tasks, leading to suboptimal performance. The metacognitive component of STRIP-- the 

focus of this investigation-- addresses this defi cit by re-directing self-monitoring to focus on problem 

solving strategies which facilitate rather than impede effi  cient cognitive processing. 

STRIP Knowledge Component. This focuses on honing metacognitive monitoring skills to improve 

student calibration. The knowledge component of STRIP teaches students to (a) accurately judge 

task performance, (b) identify gaps in their knowledge (c) develop strategies to close these gaps (d) 

assess their own monitoring skills during task performance. Here, calibration is taught by integrat-

ing feedback in a quantitative exercise as follows: First, students complete a calculus test in which 

they are asked to estimate their performance at the end of the exercise. Using test scores from the 

calculus test, students are taught to compute calibration bias and accuracy scores. They are then 

introduced to four diff erent classifi cations of learners along the dimensions of (a) level of skill and (b) 

awareness of skill- levels shown in Table 1 below i.e., students who are skilled and aware, skilled and 

unaware, unskilled and aware, unskilled and unaware. Student characteristics associated with each 

classifi cation are presented in relation to tendencies to calibrate accurately, or inaccurately. Further 

connections are made between the magnitude of calibration bias and student classifi cations in each 

quadrant. Lastly, the researcher provides detailed feedback to students on (i) which quadrant they 

belong, based on their actual performance of the task, and related student-computed calibration 

scores, (ii) classifi cation (quadrant)-specifi c strategies to improve performance, and lastly, (iii) the 

researcher and student work together to set performance goals for the next task.
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STRIP Skills Training Component. One way good and poor problem solvers are diff erentiated 

is by their ability to refl ect on and regulate their problem-solving activities (Davidson & Stern-

berg 1998). Metacognitive processes aid engineers in identifying and defi ning problems, mentally 

representing problems, planning solution procedures, and evaluating solution progress and the 

fi nal solution (Davidson, Deuser & Sternberg 1994). Other metacognitive strategies employed in 

problem-solving include establishing task demands, formulating and executing action plans, fi nd-

ing similarities between problems (task knowledge), recognizing inconsistencies and confusion, 

identifying constraints, switching from one representation to another, activating prior knowledge, 

and assessing problem diffi  culty (Meijer, Veenman & Hout-Waters 2006). These metacognitive 

strategies support one’s ability to navigate and persist through solving ill-structured problems, 

which is central to engineering. The metacognitive skills component of STRIP emphasized train-

ing of these skills with the primary objective of assisting learners in checking and correcting their 

behavior as they proceeded on a task. This component of the intervention was grounded in an 

engineering design task, which required students to create a window device that could help the 

elderly open a window with ease. The design task was used to scaff old training and enhance stu-

dent practice of the aforementioned metacognitive skills, embedded in the SRL cycle of planning, 

monitoring and evaluation.

Additionally, skills pertinent to consciously directing attention to focus on selective informa-

tion to magnify the experience of select stimuli (attentional regulation), are taught. Here, students 

are trained to focus on the foregoing metacognitive skills, to facilitate redirecting focus from the 

threatening stereotype to the task at hand.

THE CURRENT INVESTIGATION

The present study examined whether an intervention to improve judgements of performance 

could impact the performance of Black engineering students identifi ed as highly susceptible to race-

focused ST. We sought specifi cally to address two primary questions: For engineering students highly 

susceptible to race-related ST, (1) Does an intervention to improve judgments of performance impact 

student calibration, and if so (1b) what is the relationship between calibration and performance? 

Thus far, no formal empirical investigations have been conducted to examine whether improving 

metacognitive control can also improve the performance of individuals identifi ed as susceptible to 

ST using STRIP or otherwise. The present investigation focused solely using STRIP to investigate 

what impact if any, intervening on metacognitive monitoring could have, on the performance of ST 

susceptible engineering students.
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METHODS

Sample

Participants were 25 fi rst year college students majoring in engineering at a mid-size private his-

torically black college and university in the Northeastern United States. The university has a student 

body of approximately 10,000 students, predominantly (99%) Black and undergraduate (84.2%). 

10.8% of undergraduate students major in Physical Sciences, with a relatively high proportion of 

females (46.4%). 8.5% of faculty at the university faculty are in the Physical sciences, which is also 

predominantly male (83%) and Black (66%). 63% of the study sample was female. Participants were 

paid $40 for their participation in the study. All participants had been previously identifi ed as highly 

susceptible to stereotype threat regarding race (i.e., stereotypes that Black people are intellectually 

inferior) using a latent profi le analysis. 

Measures

The Social Identities and Attitudes Scale, SIAS (Picho & Brown 2011). The SIAS is a 30-item 

psychometrically sound measure of ST susceptibility, independently validated with diff erent popu-

lations i.e., high school, STEM and non-STEM college students (Picho et al. 2021; Cokley et al. 2015; 

Cromley et al. 2013; Chun et al. 2016; Smith et. al. 2016). The instrument assesses six key constructs 

identifi ed by theory (Schmader et al. 2008) as critical to the ST process: negative emotions (aff ect), 

domain identifi cation, group (race and gender) identifi cation and stigma consciousness of the same. 

Items are continuous and measured on a seven-point Likert scale where 1 = strongly disagree, 2= 

disagree 3= somewhat disagree 4 = neither agree nor disagree, 5= somewhat agree 6= agree, and 

7 = strongly agree such that higher mean scores on each subscale indicate higher levels of the la-

tent construct. The focus on race-related ST informed the decision to use only group identifi cation 

and stigma consciousness factors related to ethnicity and not gender; thus, only math and ethnic 

identifi cation, ethnic stigma consciousness, and negative aff ect subscales of the SIAS were used to 

classify participants into ST susceptibility classes. Sample items from math and ethnic identifi cation, 

as well as ethnic stigma consciousness, include: My ethnicity is an important refl ection of who I am, 

My ethnicity aff ects how my peers interact with me, My ethnicity aff ects how I interact with people 

of other ethnicities, Math is important to me, and my math abilities are important to my academic 

success. Scale reliabilities were very strong (math identifi cation   .89, ethnic stigma consciousness 

  .87, ethnic identifi cation   .85 and negative aff ect   .92).

The memory updating task. Participants completed a working memory updating task (Schmiedek, 

et al. 2009), which consisted of ten arithmetic problems. The items exerted an even mix of medium 

and high cognitive demand on working memory. Each item required four responses for a total of 



2024: VOLUME 12 ISSUE 4 27 

ADVANCES IN ENGINEERING EDUCATION

Improving Judgements of Performance Among Black Engineering Students 
Highly Susceptible to Stereotype Threat: An Intervention.

40 answers. Therefore, results from this task were scored as total number correct, with a minimum 

score of 0 and a maximum score of 40. 

Total completion time for each task is 10–12 minutes. 

Procedures 

Students were recruited from an ‘Introduction to Engineering Design’ course which is a required 

course for engineering majors, as part of a larger study (N160). Students who consented to par-

ticipate completed the SIAS scale in Qualtrics. 136 Black students completed the SIAS, and their 

responses were subjected to a latent profi le analysis (LPA), which was used to classify participants 

into diff erent profi les of susceptibility to race-related stereotype threat. 

Latent Profi le Analysis

 Latent profi le analysis is a statistical technique that classifi es individuals into qualitatively dif-

ferent subgroups within a population based on similarity in pattern responses to measures of latent 

constructs. Thus, LPA identifi es unobserved group membership such that individuals within a sub-

group tend to be similar to one another but diff er qualitatively from those in a diff erent sub-group 

(Geiser 2013). The process is called latent class analysis when membership is based on categorical 

data and latent profi le analysis when classifi cation into latent groups is based on responses to con-

tinuous measures of latent construct (Samuelson & Dayton 2010). 

Stereotype threat susceptibility typologies. ST susceptibility was assessed using a stereotype 

threat susceptibility measure, the social identities and attitudes scale, SIAS, (Picho & Brown 2012), 

which measures latent constructs that align with ST susceptibility classes postulated by ST theory 

(Steele 1997) and process models (Schmader et al. 2008). These typologies are stratifi ed by one’s 

level of identifi cation to the domain and stigmatized group (Steele 1997), corresponding chronic 

awareness of stigmatized status (Steele 1997; Schmader et al., 2008) and negative emotions induced 

during threat (Schmader et al. 2008) such that: High susceptibility to ST individuals rank highly on 

the above constructs, while those classifi ed as low ST susceptibility rate highly on domain identifi -

cation but low on all other constructs. The non-risk, disidentifi ed group are a product of chronic ST 

exposure, who have disidentifi ed from the stereotype relevant domain to preserve their self-esteem. 

The profi le of this is similar to that of the high ST susceptible class but for low domain identifi ca-

tion. Finally, the non-risk unidentifi ed group constitutes those immune to ST because they neither 

identify with the stereotyped domain nor their social group, which renders group stereotypes self-

irrelevant (Steele 1997). 

SIAS data from the broader sample (N  160) were subjected to LPA (details of LPA classifi cation 

and validation are reported elsewhere, see Picho & Kearse 2024), and ST classifi cation was reported 
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for the entire sample. However, only data from participants who self-identifi ed as Black (n  136) were 

used to recruit participants for the current study. Here, 40 students classifi ed as highly susceptible 

to ST were invited to participate in the study. 35 completed baseline measures and attended the 

fi rst session but attrition due to school challenges brought on by the COVID-19 pandemic was such 

that of only 25 participants had more than baseline data recorded.

LPA results showed that individuals classifi ed as highly susceptible to race-related ST also per-

formed less well on the working memory task compared to their low ST susceptibility counterparts. 

Participants also completed a ten-item working memory updating task, which was scored and used 

to validate latent classifi cation into ST susceptibility groups. Therefore, students classifi ed as highly 

susceptible to ST (n 75), whose classifi cation was validated by performance on the working memory 

task, were invited to participate in the present study. 40 accepted the invitation to participate, but 

only 25 completed the baseline survey. Participants also completed a math task in Qualtrics one 

week prior to the intervention. Participants were also asked to estimate their performance on the task 

upon completion. These data were used to establish baseline scores on calibration bias and accuracy.

Metacognitive Intervention Action. Students participated in a fi ve one hour-session intervention 

conducted once a week over fi ve weeks, where they learned metacognitive skills previously men-

tioned. The intervention was facilitated by the fi rst author. The intervention was two pronged and 

consisted of knowledge and skills training, detailed earlier. Students met for one hour each week; 

they also completed weekly online journals. Calculus and algebra quizzes were administered online 

via Qualtrics at baseline, and during weeks 3 and 4 of the intervention and two weeks after the 

intervention (week 6). At the end of each quiz, participants were asked to provide a single estimate 

of their performance on the task and rate the level of confi dence in their rating. 

De-identifi ed data were presented for independent scoring to a mathematics doctoral student 

with no knowledge about the study aims. Performance estimates were used to calculate calibration 

bias and accuracy scores based on data collected at baseline, during and after the intervention. 

These calculations were computed at the end of the study. 

Calibration bias and accuracy: Scoring and interpretation. For calibration bias scores, positive 

and negative values indicated over- and under estimation of performance, respectively. When ac-

tual and estimated performance match, no bias exists, and perfect calibration is achieved. Hence 

a score of 0 would indicate perfect calibration as it would mean a match between one’s estimated 

and actual performance score. When performance estimates exceed actual performance then bias 

in judgments of performance refl ect over estimation; similarly, under-estimation is refl ected when 

performance estimates are lower than actual performance (Serra & Metcalfe 2009).

Regardless of the sign (positive or negative), the magnitude of bias determines how well or 

poorly calibrated one is in one’s judgement of learning. Smaller bias scores imply better calibration 
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in judgements of learning, whereas larger scores suggest the opposite. For example, bias scores 

of 3 and –3 are the same in terms of magnitude of bias. Both suggest strong judgments of learn-

ing (good calibration). However, considering bias scores of 3 vs. 40, whereas both represent over 

estimation in performance on a task, the magnitude of bias is signifi cantly larger in the latter bias 

score, pointing to relatively poorer calibration of the student with that score. 

Calibration accuracy was computed by subtracting the absolute value of the calibration bias 

score from 100%. As calibration accuracy scores range from 0–100%, scores closer to 100 would 

suggest small errors in judgement regarding one’s performance (stronger calibration accuracy), and 

vice versa. Taken together, poor calibration in judgements in learning are denoted by large bias and 

small accuracy scores, and vice versa. It should be noted that low performing students can be well 

calibrated if they are able to gauge with relative precision- their performance on a task. As such, 

calibration scores do not indicate how strong a student is, but rather how well calibrated they are 

in judging their relative strengths and/ or weaknesses in learning or performance.

RESULTS

Data from 7 participants were removed from analyses because they only completed baseline 

tasks and there were no comparison data for them- leaving a fi nal sample of 18 students. Descriptive 

statistics of student calibration scores over eight weeks are provided in table 1.

Descriptive Analysis

All analyses were conducted in Stata 15. Participants in this study had high calibration accuracy 

scores at the onset, which did not change much over the course of the study. Results presented in 

Table 1 below show very high calibration accuracy scores at baseline and over time, with little vari-

ability around these means, indicating small errors in judgements of performance. Calibration bias 

scores were highest and recorded the most variability in at baseline, prior to the intervention. Thus, 

on average, participants tended to underestimate their performance prior to the study (although 

Table 1. Calibrati on bias and accuracy scores.

Calibration Bias Calibration Accuracy
M(SD) Min Max M(SD) Min Max

Baseline –.56 (2.77) –5 6 98 (1.94) 94 100

3 - Weeks –1.89 (2.42) –6 1 97.89 (2.20) 94 100

4 -Weeks  1.39 (1.95) –1.72 5 98.2 (1.53) 95  99.7

Posttest –1.33 (2.42) –4 2 98 (1.79) 96 100
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these estimates were also very small), and much greater variability in underestimation existed 

among participants prior to the intervention. Trends in accuracy scores remained consistently high 

over time, whereas changes in calibration bias refl ected improvements from baseline to posttest. 

Did the intervention impact calibration a ccuracy and bias? 

To examine whether calibration bias and accuracy were impacted by the intervention, calibra-

tion data, collected over four time points i.e., before, (twice) during and after the intervention, were 

subjected to the Skillings-Mack test, which is a non-parametric analog to repeated measures one-

way Analysis of Variance (ANOVA) (Skillings & Mack 1981). It is considered to be a generalization 

of the Friedman test, used in cases where missing data exist. The Skillings-Mack test is robust to 

violations of normality and accounts for missing data (Chatfi eld & Mander 2009). This test was used 

because of the relatively small sample size (n < 25), and also because missing data existed for some 

participants, at various points of the intervention and after. 

Intervention eff ectiveness was operationalized as a reduction in calibration bias and improvement 

in calibration accuracy scores from pre to posttest. Changes in calibration bias and accuracy over time 

were examined using the Skillings-Mack test. Here, time was specifi ed as the independent variable; bias 

and accuracy were specifi ed as dependent variables in two separate tests. Results revealed a statisti-

cally signifi cant diff erence in calibration bias over time 2(3)  8.05, p  .02; generally, the weighted sum 

of centered ranks decreased over time – indicating a reduction in calibration bias over time. There were 

no statistically signifi cant diff erences in calibration accuracy over time 2(3)  1.642, p  .62, however. 

Examining relationships between calibration and performance across time

Correlations analyses were conducted to examine relationships between bias and accuracy scores 

and performance across time. Here, we examined correlations between bias and accuracy scores 

collected (a) at baseline (b) at two time points during the study, and (c) post intervention. The cor-

relations were analyzed separately for each time point. at the onset, during and after the interven-

tion. Results revealed no signifi cant relationships between calibration accuracy and performance 

over time. However, calibration bias was negatively related to performance at baseline and in the 

third week of the intervention (r  .61, p  .01 and .68, p  .04, respectively), but not signifi cantly 

so at the end of the intervention, and two weeks post intervention (all ps >.05).

DISCUSSION

The present study examined whether a brief intervention on judgments of performance could im-

prove the performance of Black engineering students identifi ed as highly susceptible to  race-related 
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ST. Results showed very high calibration accuracy at baseline, which remained stable during and 

after the study, yielding no signifi cant changes on this construct over time. That changes in cali-

bration accuracy were not signifi cant seem reasonable because of ceiling eff ects. Given average 

accuracy scores of 98% at the onset of the study left little room to improve. The stability in calibra-

tion accuracy is consistent with fi ndings found in pioneering studies conducted with undergradu-

ate psychology students in authentic classroom settings (Nietfi eld & Schraw 2002; Nietfi eld et al. 

2005), which showed that, over the course of a semester-long intervention, there was no change 

in judgment accuracy.

Results also revealed large variability in calibration bias at baseline, primarily characterized by a 

tendency to under-estimate performance, which reduced signifi cantly over time. That participants 

underestimated their performance at baseline does appear inconsistent with previous studies showing 

that students, especially low performers, tend to overestimate their performance (Fakcharoenphol 

et al. 2015; Gutierrez de Blume 2022; Nietfi eld et al. 2005; Tauber & Dunlosnky 2015). A plausible 

explanation for this deviant result is that participants constituted a specialized group diff erent from 

what has been previously studied in the literature: students highly susceptible to race-related ST. 

Generally, students who underestimate their performance have trouble with developing awareness 

of what they know and what they are capable of (Talsma 2018; Kezia et al. 2021) probably because 

they present low self-effi  cacy and high levels of anxiety when performing tasks, which can lead to 

erroneous judgments about performance (Ehrlinger & Dunning 2003), negatively aff ecting other 

components cognitive areas of SRL such as planning (Blackmore et al., 2021; Zimmerman, 2002). 

Studies also show that students who underestimate their performance are so focused on the nega-

tive thoughts about their ability, which signifi cantly curbs the amount of attention that they pay to 

the demands of the task, which subsequently impairs performance (Kezia et al. 2021).

ST elicits concern and anxiety over confi rming as true, the negative stereotype of their social 

group (Steele 1997), which increases mind-wandering and subsequently a marked decrease in 

 attention on the task (Mrazek et al. 2011). The phenomenon also elicits feelings of self-doubt, and 

increases the prevalence of negative thoughts (Cadinu et al. 2005), which usurp limited working 

memory resources required for effi  cient cognitive processing and problem-solving, subsequently 

resulting in diminished task performance (Schmader et. al. 2008). Taken together, it is possible 

that the anxiety and performance related worries could lead students who are highly susceptible 

to stereotype threat to under-estimate their performance on a task, and the reduced attention in-

duced by mind-wandering on tasks, for this group of students likely impacted their metacognitive 

monitoring on tasks prior to  the intervention.

Fortunately, calibration bias decreased over time, indicating that students’ judgements of perfor-

mance improved signifi cantly from baseline to posttest. These fi ndings suggest that the intervention 
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positively infl uenced the calibration of engineering students identifi ed as highly susceptible to ST. This 

result corresponds with previous research in which interventions conducted with college students 

improved calibration bias (Händel et al., 2020: Mathabe et al. 2014). It does, however, contradict 

other research where such interventions either had no impact on calibration bias (Emory 2022) 

or had the opposite eff ect i.e., increased over-estimation post intervention (Foster et al. 2017). It 

remains unclear why mixed fi ndings on calibration bias exist, although a plausible explanation for 

this discrepancy could be that in the foregoing studies (i.e., Emory (2022) and Foster et al. (2017)), 

students reported a tendency to overestimate their performance at baseline (pre-test), whereas in 

the present investigation, the reverse was true. Thus, results from this study suggest that calibration 

bias could possibly be reduced more effi  ciently in interventions with students who tend to under-

estimate rather than to over-estimate their performance.

The improvement in students’ judgement of performance was also corroborated by the observed 

relationship between bias and performance over the duration of the study; the moderate, negative 

relationships between bias and performance observed at baseline and three weeks into the study 

disappeared at the end of the study and remained so even two weeks after the intervention. This 

result confi rms fi ndings from previous studies which found that when performance judgments are 

improved and more calibrated, students tend to perform well academically in both controlled (Baars 

et al. 2014; Rawson & Dunlonsky 2007) and authentic environments (Callender et al. 2016; Handel 

et al. 2020; Neitefi eld et al. 2006; Testa et al. 2023; Urban & Urban 2019).

Limitations and Recommendations f or Future Research

The current investigation was based on Black engineering students identifi ed as highly suscep-

tible to race-related ST so study fi ndings are specifi c to this demographic and might necessarily 

generalize to engineering students overall. Additionally, as this is the fi rst study to investigate self-

regulation among ST susceptible students, it is recommended that more, confi rmatory studies with 

ST susceptible students are conducted to test and possibly validate these fi ndings. 

The present study lacked a control group due to the relatively small participant sample size. 

While the exploratory, qualitative nature of the present investigation justifi es the sample size, it is 

recommended however, that future studies include control groups. This would allow comparisons in 

the pattern of results between intervention and non-intervention groups, strengthening the validity 

of study fi ndings. Additionally, the integration of feedback in judgments of performance was not 

adequately covered in the current intervention because the sudden switch to online learning mid-

semester due to COVID-19 presented logistical challenges to a successful implementation. Informa-

tive feedback on performance associated with specifi c calibration exercises was only provided for 

the fi rst calibration exercise. This resulted in a missed opportunity for participants to refl ect on the 
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degree to which their judgements of performance were close or far from their actual performance 

and why at diff erent points during the intervention. Although interventions without feedback have 

certainly been applied in previous studies, we believe that this study of a such a unique group of 

students (high risk for ST) could have benefi tted even more from having feedback integrated into 

the curriculum. Curriculum-integrated feedback takes place during class activities, which implies 

that it is the teacher who discuss feedback with students on their performance, on how well they 

were calibrated in estimating it and on which strategies they can use to improve their learning 

and performance. This off ers the opportunity for educational researchers to work collaboratively 

with teachers to strengthen their feedback processes in the classroom, so that they can support 

students in improving metacognitive monitoring, specifi cally, performance judgments. Generating 

refl ections on performance does support the learner to transform elements such as self-effi  cacy 

and understanding of possible failures and successes, which help signifi cantly improve calibration 

and performance (Händel et al. 2020; Perky & Dinsmore 2019). A performance feedback and refl ec-

tion component could have complemented the instruction provided to strengthen the planning, 

 monitoring, and evaluation processes during the intervention.

CONCLUSION

The present study was motivated by a desire to explore SR through the lens of ST and examine 

whether skills-based SR training could improve the performance of students highly susceptible to 

ST. Preliminary evidence appears to suggest that the negative relationship between calibration bias 

and performance can be mitigated through an intervention to improve judgements of performance 

among students highly susceptible to the phenomenon. Consequently, this opens an avenue to fur-

ther explore how and whether the development of metacognitive skills can moderate, specifi cally 

minimize, ST eff ects among those vulnerable to the phenomenon. To that end, further experimental 

research in this area is encouraged to assess the relative strength or impact of such interventions 

in attenuating the performance of this sub-group of students under ST conditions.

Most interventions to improve self-regulated learning in engineering students have focused on 

metacognitive awareness and evaluation, and motivational aspects of achievement like self-effi  cacy 

and academic goal orientation (Sáez et al. 2018; Sáez et al. 2020). None, to our knowledge, have, 

specifi cally, addressed judgments of performance despite evidence to suggest a strong, positive 

impact of metacognitive monitoring on self-regulation (Manganello & Falsetti 2019; Schraw,  Crippen, 

& Hartley 2006; Sedraz et al. 2018; Zheng et al. 2016) and performance (Capote et al. 2017; Gadella 

et al. 2020; Gaeta 2016; Ramírez et al. 2016; Lawanto et al. 2014; Zambrano 2016). Results from 
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this study contribute to fi ll this knowledge gap in the literature; they also lay the foundation for 

further inquiry into how, through the strengthening of metacognitive processes such as monitoring, 

students at risk of stereotype threat can be supported to make more calibrated judgments about 

their performance, to facilitate improvements in self-effi  cacy, learning and performance in the fi eld 

of engineering.

Lastly, it would be remiss not to point out a need for researchers and practitioners to address the 

systemic issues that contribute to ST in the fi rst place. Whereas ST is a psychosocial phenomenon, 

it does not occur in a vacuum; it is a highly contextual phenomenon that relies on cues in the envi-

ronment to make denigrating stereotypes about social groups salient, and subsequently trigger the 

phenomenon. Black and Latino students switch out of STEM majors before obtaining a degree at 

higher rates (40% and 37%, respectively) compared to their White counterparts (29%) (EAB 2019). 

Discrimination, bias, isolation and exclusion in STEM fi elds (occupational and academic) have been 

implicated as primary reasons for these high attrition rates (EAB 2019). Intellectually hostile academic 

and organizational climates that subtly or overtly question the ability and competence of women 

and non-Asian minorities, have been cited as key factors responsible for their disproportionate 

departure from STEM (Funk & Parker 2018). For example, women abandon engineering in college 

because they are negatively stereotyped by peers, professors, and in internships (Seron, Silbey, Cech 

& Rubineau 2016). In the engineering workforce women, Black and LatinX professionals report that 

discrimination, and prolonged stress from gendered (or non-technical) tasks, which devalue their 

contributions and impede career advancement (Seron et al. 2016; Funk & Parker 2018), as primary 

reasons for exiting the fi eld. Thus, the burden to alleviate the impact of psychosocial-contextual 

phenomena like ST on the performance and long-term engagement of underrepresented groups 

in STEM should not rest solely on building ST resilience among susceptible individuals, but also in-

volve eff orts to address sociocultural factors such as bias and discrimination that contribute to the 

problem, which are often systemic, embedded within academic and work cultures, and sometimes 

inadvertently sustained by hidden curricula and/or inequitable organizational policies, respectively. 

To that end, signifi cant resilience to ST is best facilitated and supported by fostering identity-safe, 

and intellectually non-threatening environments to cultivate a sense of belonging to fi elds like STEM 

where so few members of marginalized groups are represe nted.
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