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Abstract 

The Effects of Gender Stereotypes and Bias on the Developing Academic Surgeon 

Sara Poorfarahani Myers, M.D., Ph.D. 

University of Pittsburgh, 2020 

Factors contributing to the underrepresentation of females in surgery, such as gender 

stereotypes and bias, are incompletely understood. The projects in this dissertation elucidate how 

negative stereotypes about women and gender bias in the training environment impact the 

professional development of aspiring academic surgeons.  

First, a semi-structured interview methodology was used to explore how gender shapes 

experiences of surgery residents. This study, which was anchored to residents’ self-identification 

with the surgical profession, found that fewer female residents self-identified as “surgeon” (11.1% 

versus 37.5%, p<0.01). Residents felt that patients and physicians more frequently disregarded 

female residents' professional role (p<0.01). Female residents more often reported aggressive 

behaviors from attendings, lack of mentorship, discomfort, feeling pressured to participate in 

unprofessional behaviors, and having difficulty completing tasks. 

To explore these findings, a multi-center study was conducted using validated survey 

subscales to evaluate how gender bias in the training milieu is related to academic engagement. 

The association between perception of pro-male gender bias and career engagement differed 

significantly by gender (interaction p-value= 0.04); perceiving gender bias was associated with 

lower career engagement among women (coefficient -0.19; 95%CI -1.05,0.66; p=0.64) but higher 

career engagement among men (coefficient 0.75; 95%CI 0.1,1.49; p=0.04). 

Finally, a multi-center randomized controlled trial determined how activating or protecting 

against stereotype threat affects technical skill performance, a key competency metric for 



v 

surgeons. The association between stereotype threat activation and Fundamentals of Laparoscopic 

Surgery (FLS) assessment score was similar in men and women (interaction p-value = 0.83). The 

association between stereotype threat activation and FLS scores differed by gender across levels 

of susceptibility to stereotype threat (interaction coefficient -35.2; 95%CI -60.8,-9.7; p=0.01). 

Higher susceptibility to stereotype threat was associated with lower FLS score among women who 

received a stereotype threat trigger (coefficient -9.9; 95%CI 21.3,-1.5, p=0.04). Among men with 

higher susceptibility to stereotype threat, evoking negative stereotypes about women was 

associated with higher FLS score (coefficient 5.2; 95%CI -7.9,18.3; p=0.42). 

Gender bias and stereotypes influence the professional development of burgeoning 

academic surgeons. Academic institutions should mitigate factors that emphasize surgery as a 

masculine profession and impart coping strategies to female residents for gender-specific 

deterrents.  
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1.0 Introduction 

Diversity has the power to operationalize society by driving innovation and 

productivity.(R., 2009)  Within medicine, leading organizations like the NIH have initiated 

programs to encourage the participation and retention of minorities.(Health, 2019) Unfortunately, 

diversity without inclusivity can prohibit social integration and detract from group cohesion with 

resulting detrimental effects.(Barak, 2015; Jackson SE, 1991)  This absence of inclusivity may be 

responsible for the continued underrepresentation of women within many specialties—chief 

among them, academic general surgery.(Moore MD, 2018; R., 2009; Zhuge Y, 2011) Specifically, 

pro-male bias and negative stereotypes about women promote exclusivity(Casad BJ, 2016) and 

contribute to our failure to eliminate gender disparities in academic general surgery.  

     While there are relatively few studies that highlight the effects of gender-bias in 

academic surgery, comparative evidence from other stereotypically masculine fields demonstrates 

that pro-male bias influences career-related opportunities such as hiring and promotion.(Davison 

HK, 2000; Olian JD, 1988; Tosi HL, 1985) Negative stereotypes about women may serve as the 

basis for implicit and explicit biases in the workplace(Faigman DL, 2007) that impact performance 

evaluations and, subsequently, professional achievement. In business and operations management, 

for example, senior-level managers have significantly higher performance evaluations than 

women.(Lyness KD, 2006) The shifting standards phenomenon describes how these stereotyped 

judgements that men are more competent than women can reinforce gender imbalance.(Biernat M) 

Within surgery, similar factors likely contribute to the observation that although the percentage of 

females pursuing surgical specialties has increased, the ratio of women advancing to leadership 

positions has decreased over time.(Lyons NB, 2019; Sexton KW, 2012) 
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 Despite literature demonstrating the presence of gender bias in academic surgery,(Seemann 

NM, 2016) a direct causal link between environmental bias and persistent underrepresentation of 

women has not been established. Rather, related research indicates that knowledge or perception 

of gender bias may be detrimental to women’s professional development by activation of certain 

psychosocial constructs. In particular, gender bias may evoke negative stereotypes about 

women.(Ridgeway CL, 2004) Individuals who are sensitive to these stereotypes, i.e., exhibit high 

levels of gender stigma consciousness, may be more susceptible to stereotype threat, or the risk of 

reinforcing negative stereotypes associated with one’s social group.(Pennington CR, 2016) While 

stereotype threat and gender bias are related, they are distinct in the sense that an individual who 

identifies as a member of a stigmatized social group may experience stereotype threat even in the 

absence of gender bias within their immediate work environment.(H. C, 2019) For these 

individuals, despite ostensible gender equality within the professional milieu, negative stereotypes 

from a larger cultural context may retain salience and contribute to worse performance.(Spencer 

SJ, 1999; Walsh M, 1999) 

While previous investigations have demonstrated that being a member of an 

underrepresented group has psychological and professional consequences, mechanisms for these 

effects remain incompletely understood. In order to implement interventions that effectively 

mitigate the consequences of gender bias and stereotypes, it is imperative to identify factors that 

mediate the influence of these constructs. Ambient cues, for example, have been shown to reduce 

motivation to achieve by decreasing the degree to which one feels he/she fits in as a member of a 

professional community.(Cheryan S, 2009) These cues include leadership beliefs about 

inequalities in career advancement opportunities for underrepresented groups, which permeate 

through the environment and reinforce barriers to professional development faced by these 
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demographics.(Kluegel JR, 1986) Similarly, an administration’s failure to recognize or arbitrate 

bias within the environment may cause underrepresented individuals to be more sensitive to 

experiences that confirm their stigmatized status within the field.(Purdie-Vaughns V, 2008) It is 

important to note, however, that the interplay between environmental and individual characteristics 

significantly contributes to whether a person exhibits a reactive or vulnerability response to bias 

and stereotypes.(Schmader R, 2008) Individual characteristics, such as resilience, can strengthen 

self-perception and self-efficacy thereby buffering one’s susceptibility to negative stereotypes or 

bias.(Forbes CR, 2008) In contrast, stigmatized individuals who derive a greater sense of self-

worth from their professional performance, i.e., domain identification, can exhibit increased 

vulnerability to negative stereotypes.(Woodcock A, 2012)  

The projects described in this dissertation investigate how gender  the experience of general 

surgery training and consider both environmental and individual factors that affect professional 

development. Our overarching hypothesis is that women who perceive bias favoring men and 

negative stereotypes about their gender suffer impaired career engagement and skill performance. 

To this end, we first establish that gender shapes the professional experiences of female and male 

residents. Our second project focuses specifically on how the association between perceived 

gender bias and career engagement differs among men and women. The last study demonstrates 

how triggering or protecting against stereotype threat influences skill performance differently 

based on resident gender. Collectively, these projects shed light on how perceived gender bias and 

negative stereotypes about women as an underrepresented group in surgery influence affective, 

cognitive, and behavioral factors that are integral to achievement for the developing academic 

surgeon. 
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2.0 A qualitative study of gender differences in the experiences of general surgery trainees 

2.1 Introduction 

An increasing number of women are becoming surgeons.(Davis EC, 2011; JA., 

2008) Despite this increase, landmark studies have shown that female surgeons face unique 

challenges to professional advancement.(Dyrbye LN, 2011; Jena AB, 2015; Zhuge Y, 2011) Few 

studies have investigated gender-specific challenges before the transition to autonomous surgical 

practice. Higher attrition rates among female surgical residents(Khousshhal Z, 2017) contribute to 

under-representation of women in surgery and suggest that experiences during residency may 

differ by gender. Lower confidence in operative skill among women surgical residents(Flyckt RL, 

2017; Fonseca AL, 2014) also supports gender-based differences among trainees. Research to date, 

however, has not explored the extent to which gender-divergent experiences within training occur 

or whether such differences interfere with the professional development of women surgical 

trainees. 

It is important to consider whether women surgical residents encounter “gender-specific 

deterrent(s)”(Gargiulo DA, 2006) that could hinder their professional development. As a first step 

in investigating this issue, we interviewed surgical residents about gender-based challenges in 

training and the potential effects of these experiences on how they function as professionals and 

as surgeons. Our goal was to identify themes in their experiences that could help guide the 

discipline's larger discussion of diversity in surgical education. 
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2.2 Methods 

This was a qualitative interview study(RF, 2017) to examine whether residents perceive 

gender differences in training and in their sense of professional identity. All general surgery 

residents in the University of Pittsburgh School of Medicine were eligible. There were no 

exclusion criteria. This study was approved by the Institutional Review Board at the University of 

Pittsburgh (PRO#17030607). Informed consent was obtained from all subjects before their 

participation. 

We developed a semi-structured interview to explore residents' beliefs about the 

significance of (1) gender in the use of the professional title, (2) gender in patient care, and 

(3) gender in surgical training (Table 1). Interview questions were reviewed and approved by three

experts in surgical education (K.A.H., G.G.H., and E.B.L.) and two in qualitative research methods 

(E.B.L. and M.E.H.). Prior to approval, interview questions were subjected to an iterative 

judgmental review process, first through independent assessment and then through group 

discussion. Once content experts agreed that there were no further ambiguities with respect to 

question relevance or definitions, the instrument was considered complete.(RA, 1990)  
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Table 1: Interview instrument 

Item # Closed-ended Questions** Open-ended Questions or 
Question specific probes 

Concepts 
addressed 

1 Do you feel comfortable describing 
yourself as a “surgeon”? 

 Professional title, 
professional identity 

2 Do you introduce yourself as “doctor” 
when addressing a patient? 

If resident identifies him/herself as “doctor”:  
 
Do you think that identifying yourself as 
“doctor” affects the authority that you are 
perceived to have 

Professional title,  
professional 
activity, patient care 

3 Do you recall a specific time when a 
patient or attending referred to you by 
your first name? 

If resident recalls an experience: 
 
If you can remember, how did this make you 
feel at the time? 

Trainee’s 
experience of    
professional title 

4 Do you think a provider’s gender factors 
into whether they are identified as a 
physician by a patient? 

If resident responds affirmatively: 
 
If so, what are the barriers that might keep an 
individuals of a particular gender from being 
readily identified as a physician? 
 
Are there consequences with respect to the 
efficacy of care delivered if an individual’s 
role on the healthcare team is not accurately 
conveyed? 

Trainee’s beliefs 
about  
credibility in patient 
care 

5  In the past, when you have been in a formal 
professional setting outside of a  
clinical encounter (e.g., podium/poster 
presentation, grand rounds presentation,      
interview setting) how have you been 
addressed or introduced? 

Professional title, 
professional activity 

6  How does physician gender play a role in the 
development of an interpersonal relationship 
with patients?  

Gender, patient care 

7 Has there ever been a time when you 
believed that your gender affected the 
way that you were treated in training? 

If resident responds affirmatively: 
 
Please describe this experience. 

Gender, training 

8 In the setting of surgical training and 
practice, are there physical or behavioral 
characteristics that confer advantages for 
a particular gender? 

If resident responds affirmatively: 
 
What are some of these characteristics? 

Gender, 
professional 
development 

9 Have your emotions ever been mentioned 
during performance evaluations? 

If resident responds affirmatively: 
 
Please describe these comments. 

Gender stereo-typed 
traits, professional 
activities 

10 Can you recall a recent experience with 
gender bias that affected your ability to 
deliver optimal patient care? 
 

If resident responds affirmatively: 
 
Can you describe this experience? 
 
In what ways did it affect your ability to 
deliver care? 
 
How did this experience affect your 
relationship with other members of the 
healthcare team? 

Gender,  
patient care 
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2.2.1 Procedure 

Participants provided written informed consent before completing interviews. No 

incentives were provided for participation. Individual interviews were conducted and audio-

recorded by a single individual (S.P.M.) who was trained in interviewing techniques. We chose 

peer interviewing with the hope that women and men would be candid(Byrne E, 2015) about the 

effects of gender on training. The semi-structured interviews began with yes or no questions about 

whether they introduce themselves as “doctor” when addressing patients and whether they feel 

comfortable describing themselves as a surgeon (Table 1, questions #1-2). These closed-ended 

questions served to anchor residents' subsequent discussions about professional identity, gender, 

and training. Following residents' responses to the initial interview questions, the interviewer asked 

open-ended questions intended to clarify each participant's narrative. These questions were related 

to how residents felt the use of a professional title might influence their interactions with patients 

or colleagues, gender-based challenges to being identified as a physician or delivering optimal 

patient care, and the influence of gender-specific stereotypes on professional activities and the 

training experience. Core questions 1-10 were asked of everyone. Additional probes were asked if 

the participant recalled an experience or answered affirmatively in response to a core question. 

Accuracy was assessed later by having a sample of 5 participants read through and confirm the 

content of his/her transcription. 

2.2.2 Qualitative data coding 

All participants were included in data analysis. Interviews were transcribed verbatim and 

then any identifiable content was redacted. The investigators (G.G.H., E.B.L., and S.P.M.) 
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developed a preliminary coding scheme by analyzing a subset of the interviews using inductive 

methods, that is, without an a priori or predetermined framework.(H, 2015) Recurrent themes 

were identified as recalled events, or experiences, as well as associated perceptions, or resident 

attitudes, about professional identity. These themes were categorized and further refined by 

comparisons across transcripts. Content experts (G.G.H., E.B.L., and S.P.M.) examined and 

revised the coding criteria with attention to clarity and relevance until a consensus was reached. 

Two coders (S.P.M. and K.J.N.) then coded the entire data set independently based on the revised 

index. Each interview transcript was considered a separate segment of text for coding purposes. 

Interrater reliability between coders was evaluated by calculating Cohen's kappa for each coded 

item (i.e., experience or attitude) using the entire data set. Values for coded data ranged from 0.63 

to 0.83, with an average value of 0.75. Values ranging from 0.61 to 0.80 are interpreted as 

substantial, whereas values 0.81-1.00 indicate near perfect agreement.(ML, 2012) A framework 

for residents' experiences as they relate to professional identity and self-concept was developed. 

2.2.3 Data analysis 

As qualitative interviews were meant to explore a range of views, much of the data was not 

analyzed with bivariate statistics. There were, however, close-ended questions asked of all 

participants that were appropriate for statistical analyses aimed at determining between gender 

differences. Responses to these questions were analyzed using Fisher's exact tests in STATA 14. 

A p value <0.05 was considered significant. Prevalence data, for themes which emerged 

inductively from open-ended questioning, are presented with descriptive statistics. 



9 

2.3 Results 

Forty-two (87.5% of total eligible) general surgery residents including 24 males and 18 

females participated in this study (Table 2). Although there was no gender-based difference in the 

use of professional titles in self-introductions (p = 0.32), significantly fewer female residents were 

comfortable describing themselves as a “surgeon”: 11.1% versus 37.5%, p < 0.001. 

Table 2: Participant demographics 

2.3.1 Regard for professional titles 

Both female and male participants reported that they felt patients more frequently 

dismissed female residents' professional title than male residents' 

(78.6% versus 11.9%, p < 0.001, Table 3).  
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Table 3: Regard for professional titles 

Residents felt that disregard for a resident's professional title devalued the achievement of attaining 

a medical degree. Representative quotes describing residents' experiences with use of their 

professional titles are presented in Table 3. One woman resident stated that such experiences made 

her “feel like the (patients) don’t respect me and my knowledge especially when I have already 

introduced myself as doctor, which I always do. It indicates to me that they don’t respect me or 

my opinion as much.” Residents suggested that “the predominance of female-gender among 

support staff” might explain differences in patients' ability to recognize women as physicians. 

However, women also commonly experienced residents or attending physicians referring to them 

by their first name but introducing their male counterparts by their occupational title 

(55.6% versus 8.3%, p < 0.001, Table 3). A third-year woman resident reported that this behavior 

“automatically tells the patient that I am in a position of less authority. It tells the patient not to 

trust me as much and that I do not know as much.” 
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2.3.2 Perceptions, attitudes, and gender-based disadvantages 

We asked our participants to reflect on the significance of gender to patient care and to 

surgical training, and these items resulted in reflections on perceptions, attitudes, and 

disadvantages of gender differences (Table 4). When discussing how gender might influence 

training experiences, significantly more residents perceived women but not men as being 

negatively stereotyped (81% versus 4.8%, p< 0.001), explaining that “men carry more confidence 

and women are much less confident.” Females were cast as lacking authority, being physically or 

emotionally weak, having low professional or societal worth, and being overly aggressive (when 

not described as meek). A higher percentage of female residents received criticism from attendings 

with respect to displaying confident behavior (56% versus 29%, p < 0.001). Subjects reported that 

such stereotypes might function as barriers to achievement and more commonly exist for females 

compared with males. One resident explained that she felt these stereotypes would “make me 

subject to scrutiny. My mistakes will be amplified based on the fact that I am female.” Residents 

also recognized that women were more often excluded from social networking than men. 

More female residents reported experiencing feelings of lack of mentorship, discomfort, 

feeling pressured to accept or participate in unprofessional behaviors, having difficulty completing 

tasks, and having to adapt to overcome barriers. Nearly all the residents who communicated 

concern over barriers to career advancement were women. Only men described bias against the 

opposite sex and specific events that they perceived as undermining their female colleague's 

authority or potentially hindering their professional development. 
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Table 4: Perceptions, attitudes, and gender-based disadvantages 
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Different themes regarding unprofessional behaviors emerged for females compared with 

males. Females recounted being in the presence of lewd remarks. Interestingly, women described 

either positive feelings of inclusion among their male peers and superiors or negative feelings of 

depreciation as a result of these experiences. For example, women endorsed changing their 

interpretations as they progressed through training. “In the beginning of residency, I thought, ‘I 

can participate in (this behavior),’ because I wanted so much to be accepted and liked. I think as I 

got older and more confident, I tried to identify and let people know that I thought their behavior 

was inappropriate.”  

Both female and male residents felt that attendings of any gender preferred working with 

male residents. Women reported experiencing direct types of aggression (e.g., overt confrontation) 

as well as indirect forms (e.g., biased performance evaluations and asymmetrical opportunities) 

from attendings and support staff. 

2.3.3 Female perceptions of self-worth 

When asked about the significance of gender, women, but not men, reported feelings of 

reduced self-worth (Table 5). One female resident communicated, “I don’t feel like a real doctor 

but also I don’t feel like I am deserving to be called a doctor.” 
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Table 5: Explicit comments that indicate how women view themselves as professionals 

 

2.4 Discussion 

This was a preliminary investigation into whether surgical residents, particularly women, 

experience gender-based challenges in the training environment that could affect their professional 

development. Themes that our participants raised suggest that the frequency of use of professional 

titles when patients and providers refer to surgical residents is gender-based and problematic for 

women in the context of caring for patients and learning to become surgeons. Participants' remarks 

indicated that an occupational title can evoke self-concept, that is, the mental image of oneself that 

has been constructed based on strengths, weaknesses, and status.(Ashforth BE, 1999) The fact that 

men and women exhibited similar preferences for the use of professional titles in self-introduction 

during patient encounters (question 1, Table 2), but significantly fewer women felt comfortable 

describing themselves as being surgeons (question 2, Table 2) may indicate absence of positive 

self-concept among female trainees. 
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Participants' interviews also contained themes of a highly sensitive nature that we did not 

expect. Participants reported gender-discrepant experiences (i.e., being in the presence of lewd 

remarks, interpreting others' behaviors as aggressive) in training that could disrupt their healthy 

maturation as a surgeon. These experiences caused female trainees to feel uncomfortable, 

pressured to accept unprofessional behavior, and disadvantaged and devalued more than their male 

counterparts. The finding that female residents experienced behaviors that might be interpreted by 

the receiver as aggression is consistent with the well-documented observation that women are at 

higher risk for workplace bullying than their male counterparts.(Einarsen D, 2003; Lee RT, 2011; 

Ling M, 2016) The finding that women more often felt devalued, expressed discomfort, felt 

pressure to accept unprofessional behaviors, and experienced task interference indicates that 

residents' reactions to certain experiences may provide insight into why gender is a risk factor for 

physician burnout.(Dimou FM, 2016) These attitudes were also expressed specifically in women's 

statements about their professional self-worth. 

Professional identity, an essential component of the larger construct of self-concept, 

represents an individual's ability to integrate into their professional society and is crucial to 

achieving success.(DF, 2006; Markus H, 1987; S. V, 2009) In the realm of surgery, success 

requires more than mere technical proficiency—it is defined by nontechnical skills (e.g., behaviors 

that support surgical learning, motivation, and leadership)(Diperna JC, 2002) that shape reactions 

to challenging experiences. These skills can be collectively termed surgical competence, a 

reappropriation of the well-defined academic competence,(Neumeister KLS, 2006) and are 

necessary for the development of a surgeon's professional identity. A universal (but largely 

unspoken) surgical culture that includes aspects such as intimidation, competition, and 

sacrifice(Hill EJR, 2014) could serve as a possible barrier to the establishment of surgical 
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professional identity. Our findings suggest that aspects of surgical culture may be reflected in 

women's unique experiences during training. Although this study does not explicitly explore how 

differences in experiences affect the formation of professional identity, it does provide preliminary 

data suggesting an association may exist. 

 

2.4.1 Limitations 

As this was a preliminary study, it explored the perceptions and beliefs of general surgery 

residents of a single institution at a discrete point in their training with no control group for 

comparison. Our study could, however, be used to motivate future work investigating how gender 

might influence experiences of general surgery residents at different institutions and how these 

experiences are compared with those of trainees from other surgical and medical subspecialties.  

In research of this nature, particularly when the material is sensitive, it is a standard to 

acknowledge the influence of the researchers; their relationship with the participants; and their role 

in the community from which the participants come.(McDermid F, 2014) We did not match the 

interviewer with the participant on the basis of gender. Previous investigations have shown that 

social identities, e.g., gender, race, sexual orientation, etc., may shape the interaction between 

interviewer and interviewee and affect data acquisition.(V.-T. J, 2017) Accordingly, women may 

have felt more comfortable in reporting certain experiences because the interviewer was also a 

woman. The role of the interviewer as a participant observer might result in participants 

emphasizing and elaborating themes of gender-based challenges to women surgical 

residents.(Purdie-Vaughns V, 2008) However, it is important to note gender is only a single 

parameter to consider; the intersectional effects of membership to multiple groups may further 
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complicate these dynamics. As such, it would not have been feasible to match each participant to 

an interviewer that identified similarly with respect to all salient social identities.54 Therefore, since 

we were not able to control for these factors, matching the interviewer and participant by gender 

may have introduced more confounding rather than less. In spite of these limitations, the detail of 

information volunteered in the interviews provides insight into the experiences of women in 

training. Care was taken to reduce bias through training in interview techniques and piloting of 

questions to maximize objectivity. The authors acknowledge that even within general surgery 

residency, there is a hierarchy that may affect a participant's willingness to share. This limitation 

may have been reduced by the fact that the interviewer had entered into a nonclinical portion of 

residency dedicated to research and did not have a supervisory role over any of the participants. 

The themes in this study are robust and warrant further study. It is the authors' hope that 

understanding how experiences during training differ by gender might contribute to identifying 

discrete interventions that will improve surgical education. 

2.4.2 Conclusion 

Women surgical residents may suffer a number of barriers during training that interfere 

with self-identifying as surgeons. Future investigations are needed to determine how perceptions 

and behaviors contribute to overall self-image and confidence of the trainee and influence the 

development of professional identity. 
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3.0 Gender bias and career engagement among surgical residents 

3.1 Introduction 

Despite increased awareness of gender bias in professional settings, medicine55 trails other 

fields in gender diversity.56 Gender disparity is particularly pronounced within academic surgery: 

women represent less than 10% of full professors and only 22 department chairs in the United 

States and Canada.57 Evidence indicates that pro-male bias depresses women's performance58 in 

male-dominated professions.59 If and how this bias affects healthcare providers remains to be 

characterized. This lack of information is a significant impediment to developing valid 

interventions that effectively address challenges to the promotion and retention of female surgeons. 

Here, we study how engagement, one component of career advancement, is influenced by pro-

male bias during residency, a phase of profound personal and professional development. 

Models of educational achievement, which are especially relevant to residency as a period 

of intensive training, have thoroughly investigated factors necessary for professional success. 

Professional success in academic surgery requires scholarly achievement,60 demonstration of 

clinical/technical competence,61 and active social participation (e.g., membership in professional 

organizations).62  Psychosocial constructs, i.e., attitudes or behaviors that arise from interactions 

between an individual and his/her environment, both herald and reinforce professional success. 63 

Importantly, previous studies emphasize one such construct, engagement, as integral to 

professional advancement.61 Existing literature, however, has shown that engagement is 

influenced by other psychosocial constructs including sense of belonging,62 resilience,63 and ability 

to relate to one’s profession (i.e., domain identification).63 We propose that the association between 
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pro-male bias in the training environment and career engagement differs by gender and that this 

relationship is mediated by the aforementioned psychosocial constructs (Figure 1). These variables 

and the manner in which they are considered in this investigation are described in detail in the 

subsections that follow. 

Figure 1: Paradigm delineating association between environmental factors and engagement 

In this paradigm, we suggest that the influence of pro-male bias in the training environment on 
engagement is moderated by individual characteristics, and, in particular, a resident’s gender. 
Additionally, we propose that sense of belonging, domain identification, and resilience are 
psychosocial constructs that may mediate this association. 

3.1.1 Gender bias as an environmental stimulus 

The underrepresentation of females in academic surgery exacerbates the already 

insufficient supply of surgeons tasked with caring for the US population.64 In order to fulfill our 

obligation to patients, it is imperative that academic medical centers and training programs identify 

and mitigate factors that contribute to the attrition of all surgeons, but especially women,64 who 

face unique gender-related challenges to career advancement.65 Attrition, in general, has been 
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shown to be associated with job satisfaction,66, 67 commitment to the profession,68 and intention to 

persist.69, 70 Characteristics of the work environment, and specifically those that affect 

interpersonal experiences, have been implicated in job satisfaction, commitment, and intention to 

persist.71 Investigations into discrete factors that influence these domains have shown that 

employee autonomy, 72 equitable advancement opportunities,73 and fairness in recognition for 

excellence all contribute.74 As female gender has been associated with reduced operative 

autonomy,75, 76 significantly less compensation, and longer time to promotion within the field of 

surgery,77 it is important to consider how bias favoring men underwrites factors that have been 

associated with attrition. 

3.1.2 Career engagement as a predictor of professional success 

Success as an academic surgeon requires one to excel with regard to scholarship, clinical 

reasoning and technical ability, and to be an active member of professional organizations. Given 

these varied responsibilities, it is useful to consider a construct that has been shown to predict 

achievement rather than to quantify each category of achievement separately. Engagement, defined 

for our purposes as self-directed and proactive career-related behaviors,78 has been shown to 

predict advancement79 and achievement.80 It is characterized by residents’ effort to involve 

themselves in activities that promote their professional development.80   

Institutional and environmental factors are important for facilitating engagement.81 In our 

study we are interested in assessing how engagement is affected by gender bias. If perceiving pro-

male bias in the environment is associated with decreased engagement among female residents, it 

may also contribute to higher attrition rates in women compared to men. Studies in higher 

education substantiate this line of reasoning by demonstrating that engagement predicts student 
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persistence in school;82 insofar as engagement indicates the resident’s commitment to the 

profession, increased engagement reflects decreased intent to withdraw from a career in surgery.  

3.1.3 Sense of belonging 

Vincent Tinto’s theory of student integration, the foundation for much of the academic 

discourse pertaining to student achievement in the late 20th century, focuses on the concept that 

college students must transition from their pre-college communities and integrate themselves into 

their college communities in order to succeed. Similarly, during residency, surgical trainees must 

assimilate in such a way that they incorporate themselves into their professional community. 

Tinto’s theory, however, has been criticized for failure to address environmental factors that may 

influence a student’s ability to make this transition; because of their marginalized status, minority 

students may have negative experiences that hamper their integration.83, 84, 85 Thus, in order to fully 

appreciate the elements that impact professional success, we must understand not only how an 

individual’s stigmatized status is emphasized by the training environment but also how related 

psychosocial determinants of achievement may mediate the association between this and 

engagement. Sense of belonging, one such determinant, describes the extent to which an individual 

feels accepted and valued such that they perceive themselves to be an integral part of their 

professional community.86 Sense of belonging and engagement exist in a circular association; 

sense of belonging facilitates engagement87, 88 and increased engagement feeds back to reinforce 

sense of belonging.89 By the same token, rejection and feeling as if one does not belong has been 

associated with reduced engagement.90  
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3.1.4 Resilience 

Resilience describes the ability to adapt when challenged with adverse circumstances.91 

Whereas resilience was once believed to be an immutable and innate quality,92 longitudinal studies 

have demonstrated that children and adolescents brought up in stressful environments develop 

resilience and that this quality permits achievement and success.93 Underrepresented individuals 

are at high risk for encountering adversity in the form of a discouraging or disruptive work 

environment due to social stigmas.94 As a minority in a male-dominated profession, women in 

surgery face these challenges. Existing literature indicates that women who exhibit career 

resilience are able to employ coping strategies that allow them to overcome gender-related barriers, 

e.g., bias, and experience career success.95 In this way, resilience may mediate the response of 

women to gender bias and facilitate engagement. 

3.1.5 Domain identification 

Domain identification describes the degree to which an individual identifies himself/herself 

by his/her relation to a profession. In this study, we consider the degree to which residents identify 

with the field of surgery. Domain identification can be particularly salient in environments where 

negative stereotypes are evident; evoking negative stereotypes has been shown to lead to domain 

disidentification.96 Domain disidentification, in turn, has been associated with disengagement and 

reduced persistence within a field.27 On the other hand, high domain identification has been shown 

to be predictive of women’s engagement in STEM.97 Although stereotypes about women are not 

the exposure of interest in this study, when pro-male gender bias is apparent in the training 

environment it is likely that residents are more cognizant of negative stereotypes. For this reason, 
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the mediating effect of domain identification is an important consideration. We anticipate that 

women residents who perceive pro-male bias in their environments will exhibit domain 

disidentification, i.e., lower domain identification, which will mediate the effect of bias on career 

engagement. 

3.1.6 Study objectives 

This multi-center study sought primarily to evaluate the association between gender bias 

and career engagement among trainees using survey methodology. We hypothesized that the 

association between perceiving pro-male gender bias in the training environment and career 

engagement would differ by gender. Specifically, we anticipated that there would be no association 

between perceiving pro-male bias and career engagement among men, but that among women, 

perceiving pro-male bias would be associated with reduced career engagement. As a secondary 

objective, we sought to perform exploratory analyses investigating whether the aforementioned 

psychosocial constructs mediated the association between pro-male bias and engagement. 

3.2 Methods 

3.2.1 Study setting and design 

We conducted a survey-based investigation into the effects of gender bias on the career 

engagement of general surgery residents at three diverse academic campuses (Figure 2). IRB 
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approval was obtained at each participating institution (UW:STUDY00005154; 

UPMC:PRO18040386; UNC:Study#18-1921).  

Figure 2: Flowchart detailing participant selection 

3.2.2 Subjects 

General surgery residents at UPMC (coordinating center), the University of North 

Carolina-Chapel Hill (UNC), and the University of Washington (UW) were recruited and 

completed an electronic pre-enrollment survey to determine study eligibility. General surgery 

residents who indicated on the enrollment questionnaire that they had completed undergraduate 

medical education in the United States and were interested in pursuing teaching/research as a 

principal component of their career (i.e., academic surgery)98 were eligible for inclusion. Those 

who were not interested in pursuing a career in academic surgery, did not identify their gender as 

their biologic sex, or had entered surgery training after completing any amount of training in 
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another specialty were excluded. Eligible residents submitted written informed consent. We 

assigned each resident a unique alpha-numeric code for de-identification of serially collected data, 

the purpose of which was to blind the individuals conducting the study. 

3.2.3 Survey instrument 

Participants were asked to complete a survey comprised of 50 questions derived from 

validated scales assessing perception of gender bias, career engagement, susceptibility to 

stereotype threat, sense of belonging, resilience, and identification with the domain of surgery (see 

Appendix A). As this study analyzed data from a larger longitudinal study, we considered all the 

aforementioned constructs except susceptibility to stereotype threat, which will be discussed in  

detail in the third project. 

Existing studies on surgery resident burn-out have shown that experiences during training 

can alter trainee motivation, job satisfaction, and quality of life over time.99 Based on feasibility 

and previous studies investigating the effects of behavioral interventions on resident attitudes and 

perceptions,100 we chose to administer the survey twice using a predetermined time frame of 5-6 

months between surveys (Figure 3) to explore whether a change in response occurred over time. 

Residents had two weeks to complete each survey after it was delivered via a Qualtrics software 

generated link. 
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Figure 3: Study timeline 

Seven items adapted from the Employee Environment Diagnostic Survey (EEDS)101 were 

used to measure the exposure of interest, a resident’s perception of pro-male gender bias in their 

environment. Items in this scale assessed gender-based differences with regard to fairness of 

opportunities, support, and recognition within the work environment. Nine items adapted from the 

Career Engagement Scale (CES)102 assessed a resident’s degree of engagement, the primary 

outcome of interest. As engagement itself is a complex concept influenced both by environmental 

cues, as well as, characteristics intrinsic to the individual,103 we chose to incorporate additional 

psychosocial constructs into the survey instrument.  Factors that have been shown to contribute to 

career engagement include sense of belonging to one’s environment, identification with one’s 

professional domain, and resilience, which were evaluated as mediating variables by responses to 

Sense of Belonging Index (SOBI: 7-items),104 Domain Identification Measure (DIM: 7 items),105 

and the Connor-Davidson Resilience Scale (CD: RISC; 10-items),106 respectively. Rationale for 

each of these scales is provided in the subsections that follow.  
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Subscales consisted of 7-10 items, each of which was graded on a Likert scale from 1-5, 

with 1 indicating the lowest and 5 the highest intensity of response. On the initial survey, five 

questions assessed resident demographics including age, race, sex, marital status, and post-

graduate training level. Categories for age included <25 years old (yo), 25-29 yo, 30-34 yo, 35-39 

yo, ³40 yo. Participants were asked to identify their race as Caucasian, Black/African-American, 

Asian, Native Hawaiian or Pacific Islander, or Other.107 Options for sex included Male or Female. 

Participants could indicate that they were married, widowed, divorced, separated, or never married. 

Residents were asked to classify their post-graduate year (PGY) as PGY-1, PGY-2, PGY-3, PGY-

4, PGY-5, or Lab (i.e., exempt from clinical responsibilities and pursuing protected academic 

time). 

3.2.3.1 Perception of gender bias in the environment 

Various survey instruments exist to assess employees’ perceptions and attitudes regarding 

their work environment. Some instruments, such as the Index of Organizational Reactions108  and 

Worker Opinion Scale,109 interrogate factors that contribute to job satisfaction including 

supervision, amount of work, and quality of the individual’s relationship with his/her colleagues. 

In contrast, the goal of EEDS is not to measure job satisfaction per se but to assess particular work 

environment characteristics that relate to job satisfaction, institutional commitment, and intention 

to leave, all of which are, in turn, related to engagement. The full scale includes five subscales that 

assess 1) supervisor relations, 2) equity and fairness of the work environment, 3) co-worker 

relations, 4) job-person match, and 5) personal control of the job. This investigation adapted 

questions from the equity and fairness subscale. The EEDS survey was considered appropriate for 

this study because it evaluates a variable that is theorized to influence factors that have been shown 

to be related to engagement and attrition.  
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3.2.3.2 Career engagement 

During residency, trainees pursuing careers in academic surgery are expected to be self-

directed with respect to their learning and required to assume responsibility for their own clinical 

and academic development.110, 111 Thus, professional success requires proactive behaviors, i.e., 

career engagement. There are several instruments that measure distinct components of career 

engagement such as planning 112 and networking.113 Assessing each of these behaviors separately, 

however, is of limited utility, especially since others have shown that individuals are participating 

in multiple behaviors simultaneously.114, 115 Rather, it is more appropriate to employ a general 

metric of career engagement to evaluate theories related to environmental factors.116, 117 For these 

reasons, we have selected the CES as a measure of proactive behaviors necessary for success in 

academic surgery. The items in the CES scale were adapted to reflect behaviors related to research 

and scholarly endeavors, which are particularly important for the academic surgeon-in-training. 

Moreover, commitment to research facilitates excellence in other aspects necessary for success as 

an academic surgeon. Specifically it promotes 1) clinical competence through acquisition of 

knowledge with regard to ever-evolving evidence-based medicine, and 2) integration into 

professional communities.   

3.2.3.3 Sense of belonging 

Sense of belonging requires an individual to 1) view that his/her contributions are needed, 

and 2) feel that he/she fits in with other members of their group.118 As hierarchy is emphasized in 

surgical culture, residents may not feel that their input is valued.119 This, however, does not 

necessarily preclude a sense of belonging. Devaluation may be sanctioned as a rite of passage, 

thereby increasing sense of belonging, and its downstream effects of engagement and 

persistence.120 For this reason, we have chosen to evaluate sense of belonging with a scale that 
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focuses on the degree to which a resident feels he/she fits in as a member of the surgical community 

rather than an instrument that also includes one that assesses the extent to which a resident might 

feel his/her input is appreciated.  

3.2.3.4 Resilience 

Resilience itself is a multi-faceted construct that varies in response to the type of stress and 

context within which that stress is encountered.91 In light of this it is not surprising that many of 

the scales that assess resilience121, 122 123, 124 are inconsistently used, not well validated, and, 

therefore, not generalizable.125 CD-RISC was developed with an emphasis on the role of resilience 

in modulating mental health.126 It has been shown to be valid in the general population. The 

creators of CD-RISC argue for implementing the scale in studies high-risk, high-stress occupations 

and in evaluating interventions aimed at promoting resilience. For these reasons, we have selected 

this scale as an assessment of general surgery trainees’ resilience. 

3.2.3.5 Domain identification 

Prior to the development of the DIM, domain identification had been reported using 

surrogates such as grades, course enrollment, and college entrance scores.105 Aronson et al. had 

assessed domain identification using two Likert-scale type questions evaluating perceived math 

ability and importance of math.127 The DIM was developed for use in a generalized population 

with applicability to a variety of domains. To our knowledge, it is the most suitable scale to 

evaluate domain identification in this study. 
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3.2.4 Outcomes and statistical analysis 

The Likert scores for each item within a psychosocial domain subscale were summated to 

yield a total continuous subscale score. Internal consistency of each subscale was determined using 

Cronbach’s alpha with acceptable values ranging from 0.7-0.9.128 T-tests were used to determine 

whether mean responses to subscales for survey 1 or 2 differed by gender. Paired T-tests were used 

to assess whether survey responses differed over a 6-month period. As the initial survey was 

administered at the beginning of the academic year, first year residents may not have had the 

opportunity to be fully immersed in their training environment. For this reason, the responses to 

the second survey likely provide a better assessment of residents’ perspectives on their training 

environment. As such, primary and exploratory analyses were performed using responses to survey 

2 subscales.  

Our primary outcome of interest was career engagement as measured by the CES. We 

modeled the association between pro-male bias as measured by the EEDS score and career 

engagement using linear regression incorporating an interaction term between gender and EEDS 

score. This model was adjusted for study site and post-graduate training level. To avoid sampling 

bias and accurately reflect resident population demographics, we utilized a post-stratification 

weighting adjustment129 based on participant gender and race using national data130 in our 

analyses. Our rationale in using this adjustment stemmed from the fact that although the 

distribution of residents within each residency program did mirror national resident demographics 

with approximately 30% of residents being female, the proportion of residents who chose to 

participate in this study and were female was 50%. Therefore, our unadjusted data may represent 

an oversampling of women residents. We recognize that there are limitations of weighting. 

Namely, weighting effectively reduces signal from female participants’ data, thereby potentially 
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biasing results toward the null. Additionally, weighting adjustments introduce difficulty in 

interpreting standard errors. Finally, weighting was based on national data from American Board 

of Surgery categorical resident demographics from 2008; weighting may have been inaccurate due 

to outdated demographic data, combining population information for both community and 

academic training programs, and arbitrarily considering some demographic features but not others 

(e.g., race and sex but not socioeconomic or marital status).129 For these reasons, sensitivity 

analyses were performed to compare differences between results using weighting adjustment and 

non-adjusted data.  

3.2.4.1 Exploratory analyses 

Previous investigations have demonstrated the important of sense of belonging, resilience, 

and domain identification in intentions to persist. Exploratory analyses were aimed at determining 

whether the effect of gender bias on career engagement via these constructs differed by gender 

(Figure 4). As with primary outcomes of interest, sensitivity analyses were used to determine 

whether weighting adjustment contributed to differences in results compared to using non-adjusted 

data. 

Figure 4: Exploratory analyses evaluating moderated mediation 

Sense of belonging, resilience, and domain identification were incorporated as mediators into 
models assessing how gender moderated the association between perception of pro-male gender 
bias and career engagement. 
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3.3 Results 

Of 112 eligible general surgery residents, eighty-six (77%) completed the both surveys 

(Table 6).  

Table 6: Participant demographics 

 
Variable 

Participants 
N=86, n (%) 

Post-graduate year (PGY)  
   PGY-1 15 (17) 
   PGY-2 18 (21) 
   PGY-3 11 (13) 
   PGY-4 11 (13) 
   PGY-5 10 (12) 
   Lab 21 (24) 
Sex  
   Male 43 (50) 
   Female 43 (50) 
Race  
   Caucasian 57 (66) 
   Black/ African-American 6 (7) 
   American Indian or Alaska Native 0 (0) 
   Asian 16 (19) 
   Native Hawaiian or Pacific Islander 0 (0) 
   Other 7 (8) 
Marital status  
   Married 40 (47) 
   Single 46 (53) 
Site  
   UPMC 38 (44) 
   University of North Carolina-Chapel Hill 31 (36) 
   University of Washington 17 (20) 

 

Survey response data is presented in Table 7. The association between EEDS and career 

engagement differed significantly by gender (interaction p-value=0.04); there was no significant 

association among women between the EEDS subscale and career engagement subscale scores 

(coefficient -0.19; 95%CI -1.05, 0.66; p=0.64) while men who had higher scores on the EEDS 
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subscale had higher scores on the career engagement subscale (coefficient 0.75; 95% CI 0.1, 1.49; 

p=0.04; Figure 5). These results were similar to those yielded by using data that had not been 

weight-adjusted to reflect national resident demographics. Specifically, the association between 

EEDS score and career engagement continued to differ significantly by gender (interaction p-

value=0.02). There was no significant association between EEDS score and career engagement 

among women (coefficient -0.29; 95% CI -1.13, 1.08; p=0.07). Among men, EEDS score was 

positively associated with career engagement score (coefficient 1.01; 95% CI 0.22, 2.25; p=0.02). 

 

Table 7: Survey responses 

Subscale Females 
Mean (SD) 

Males 
Mean (SD) 

Between gender 
difference (p-value) 

Cronbach’s alpha 

Career engagement     
 Survey 1 15.28 (5.44) 15.45 (5.45) 0.89 0.87 
 Survey 2 15.39 (5.52) 15.19 (6.09) 0.87 0.85 
 Between survey difference (p-value) 0.80 0.97   
Perception of gender bias     
 Survey 1 10.58 (2.39) 10.65 (2.20) 0.89 0.83 
 Survey 2 10.67 (2.85) 10.50 (2.11) 0.77 0.82 
 Between survey difference (p-value) 0.63 0.67   
Sense of belonging     
 Survey 1 13.00 (2.98) 13.08 (2.88) 0.91 0.87 
 Survey 2 12.75 (2.92) 13.28 (3.06) 0.42 0.85 
 Between survey difference (p-value) 0.25 0.19   
Identification with the domain of surgery     
 Survey 1 8.65 (2.71) 8.71 (2.58) 0.91 0.80 
 Survey 2 8.84 (2.99) 8.53 (2.31) 0.60 0.82 
 Between survey difference (p-value) 0.16 0.57   
Resilience     
 Survey 1 10.59 (2.83) 9.98 (1.75) 0.24 0.86 
 Survey 2 12.19 (3.08) 10.86 (1.68) 0.02 0.86 
 Between survey difference (p-value) <0.01 <0.01   

 



34 

Figure 5: Association between perception of gender bias and career engagement differs across gender 

Among males, higher perception of pro-male gender bias as measured by the Employee Environment Diagnostic 
Survey (EEDS) score is associated with higher career engagement as assessed by the Career Engagement Survey 
(CES) score. This relationship is reversed for women; higher EEDS score is associated with lower CES score among 
female residents. 

3.3.1 Exploratory analyses 

The effect of perceiving pro-male gender bias on career engagement via sense of belonging 

differed by gender (p-value= 0.04; Figure 6). In males, the total effect of pro-male bias on career 

engagement was increased by sense of belonging. In females, however, perceiving pro-male bias 

was associated with a significant decrease in sense of belonging, which resulted in a nonsignificant 

decrease in the total effect of pro-male gender bias on career engagement. These results did not 

differ when using data without weighting adjustment. 
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Figure 6: Association of perception of pro-male gender bias and career engagement as mediated by sense of 
belonging for women (panel A) and men (panel B) 

The effect of perceiving pro-male gender bias on career engagement via resilience differed 

by gender (p-value= 0.02; Figure 7). For males, the association between perceiving gender bias 

and engagement was mediated by resilience. Perceiving gender bias was associated with a non-

significant increase in resilience; resilience was associated with a significant increase in career 

engagement. In females, resilience did not mediate the association between pro-male bias and 

career engagement. Results were similar when using data without weighting adjustment. 

Figure 7: Association of perception of pro-male gender bias and career engagement as mediated by resilience 
for women (panel A) and men (panel B) 
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The effect of perceiving pro-male gender bias on career engagement via domain 

identification differed by gender (p-value= 0.01; Figure 8). For males, perceiving gender bias was 

associated with an increase in domain identification, which was associated with an increase in 

career engagement. The effect of perceiving pro-male gender bias on career engagement increased 

when mediated by domain identification. Among women, mediation via domain identification 

yielded a nonsignificant decrease in the association between perception of pro-male bias and career 

engagement as perception of pro-male bias was negatively associated domain identification. There 

were no differences in results when using data without weighting adjustment. 

Figure 8: Association of perception of pro-male gender bias and career engagement as mediated by domain 
identification for women (panel A) and men (panel B) 

3.4 Discussion 

Although the underrepresented status of women in academic surgery is widely 

recognized,55, 56 contributing elements are complex. This study is among the first to explore how 
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the perception of pro-male bias in the training environment is associated with resident engagement, 

a key contributor to professional success.103  

Gender bias within the work environment may influence women’s underrepresentation in 

surgery. We have shown that experiencing bias favoring men is associated with higher career 

engagement among men. Although no significant association was noted between perceiving pro-

male bias and career engagement among women, the direction of the data in women was opposite 

to that for men. Others have proposed that reduced engagement may contribute to poor academic 

performance,103 burnout, and attrition among women in academic medicine.131 Because 

engagement appears to be malleable,132 engagement may exist as a potential for targeted 

interventions aimed at cultivating professional development. Further studies delineating gender-

based differences in engagement are necessary to determine whether and how interventions aimed 

at promoting engagement may be beneficial for women training to become academic surgeons.  

Additional investigations are necessary to establish the mechanisms by which bias 

challenges professional efficacy and engagement. As a first step, we evaluated sense of belonging, 

resilience, and domain identification as possible mediators. Our results indicate that sense of 

belonging may have mediated the association between the perception of pro-male bias and 

engagement differently for men and women. For women, recognizing bias favoring men was 

associated with a reduced sense of belonging, which accounted for modestly lower engagement. 

Women who perceive pro-male bias in the training environment may find it more difficult to 

integrate with the surgical community.83, 84, 85 If feelings of rejection and reduced sense of 

belonging result, this may motivate the female trainee to withdraw her commitment and engage 

less in endeavors related to professional development.90  
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We expected that for men, sense of belonging would mediate and strengthen the association 

of pro-male bias with engagement, reasoning that perceiving favoritism might increase one’s sense 

that he fits in with other surgeons. Although the total effect was augmented by sense of belonging, 

we were surprised to find that 1) pro-male bias was negatively associated with sense of belonging, 

and 2) sense of belonging was negatively associated with engagement. It is difficult to argue that 

being given a gender-based advantage would lead to feeling less accepted. One could imagine, 

however, that in a culture that valorizes masculinity, men who deviate in any way from 

traditionally masculine qualities might experience conflict, and, consequently, reduced 

belonging.133 This mechanism for reduced belonging may be similar to those responsible for 

observations by The American Psychological Association and others that masculine ideology has 

negative effects on males’ mental health.134 Although in our study, reduced sense of belonging for 

men is associated with a positive outcome of increased engagement, there are detrimental effects 

that we do not consider. Training programs should recognize that gender bias can thwart the 

psychological development of both men and women, which can have unforeseen ramifications for 

professional development.  

In the second arm of the mediation pathway between pro-male bias and engagement among 

men, sense of belonging had an inverse relationship, albeit non-significant association, with 

engagement. While others have not found this negative relationship, it has been noted that sense 

of belonging more strongly predicts persistence in STEM for women compared to men.135 We 

speculate that absence of gender bias against men may promote a confidence among male residents 

such that they believe they can overcome challenges. For women, on the other hand, pro-male bias 

may increase awareness of negative stereotypes which can, in turn, elicit feelings that obstacles 

are insurmountable, i.e., fixed mindset. Studies have shown that emphasizing that ability is plastic 
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and can be improved over time debunks a fixed mindset and increases sense of belonging.136 In 

this way belonging has two interrelated components. Social belonging is influenced by gender 

identity and can be influenced by pro-male bias in the training environment.137 Ability belonging 

describes an individual’s belief that he/she fits in intellectually.138 For men, threats to ability 

belonging may be soluble if males interpret the message of pro-male bias as representing the field’s 

confidence in their ability. For women, pro-male bias may impede social belonging and further 

diminish ability belonging. One possible explanation for the inverse relationship between sense of 

belonging and career engagement among men seen in our study is that diminished social belonging 

could paradoxically motivate increased engagement behaviors encouraged by self-assurance and 

ability belonging. As the sense of belonging scale used in this study does not distinguish between 

types of belonging, future studies are needed to investigate how these different facets of belonging 

mediate the association between individual and environmental factors and professional outcomes. 

Interventions that build resilience have been suggested for promoting engagement.26 

Resilience describes the capacity to resist adverse psychological ramifications precipitated by 

stressful circumstances.139  In theory, teaching women to harness this individual characteristic may 

afford protection against the damaging effects of gender bias. Although women had higher scores 

for resilience compared to men, degree of resilience did not mediate the relationship between bias 

and engagement. This result was surprising in view of data from others demonstrating the 

importance of resilience for achievement among minority groups that may experience bias.140, 141  

Severe adversity, however, may overwhelm the defense that resilience offers in spite of seemingly 

high levels of resilience.93, 142 Similarly, research on burnout suggests that individual factors, such 

as resilience, may be insufficient to contest situational and organizational factors,143 such as bias. 

For these reasons, interventions to encourage resilience may not effectively mitigate the 
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ramifications of gender bias on career engagement. It is, however, important to consider that 

different forms of adversity almost certainly exist and resilience may continue to be protective if 

the degree of adversity encountered is endurable. This may be one explanation for the observation 

in our study that resilience positively mediates the association between pro-male bias and 

engagement among male residents.  

Domain identification is an important factor for professional success. Studies from 

academia have shown that higher domain identification is positively associated with task 

commitment, performance, and motivation.105 Among men, we found that perceiving pro-male 

bias bolstered domain identification, which contributed to higher scores on the career engagement 

subscale. Although domain identification was also positively related to engagement for women, 

because bias favoring men negatively influenced domain identification, an overall inverse, albeit 

minimal and non-significant effect, was seen between perception of gender bias in the environment 

and career engagement among women. Since domain identification indicates that the individual 

places great value on performance in that particular domain, it follows that one’s self-worth also 

relies on performance within the domain.144 When identifying with a domain challenges an 

individual’s self-worth, a decrease in domain identification is obligatory for preserving self-

worth.145 Our first study, which demonstrated that women reported weakened self-worth in 

response to perceiving pro-male bias and negative stereotypes about women, is consistent with our 

findings in this investigation.  

3.4.1 Limitations 

There are several limitations worth addressing. First, the subscales used in this study were 

validated for demographics other than surgical residents. While only minor adaptations were made 



41 

to the language of items within the subscales, questions may have been received and interpreted 

differently by surgical trainees thereby compromising the assessment of a given psychosocial 

construct. Additionally, the subscale to evaluate the perception of pro-male gender bias was 

developed in concert with other subscales as part of the larger EEDS instrument. Selecting part of 

the EEDS instrument may have altered the validity of the subscale. Further investigations are 

necessary to evaluate the subscale used in this investigation especially with regard to its relation 

to the other scales used in our combined survey instrument.  We were insufficiently powered for 

this study given that the data presented here was part of a larger longitudinal investigation based 

on alternate outcomes. Finally, our study incorporated only two time-points for survey data; 

administering surveys at additional points over time would strengthen our ability to determine 

changes in subscale responses during training.  

3.4.2 Conclusion 

Pro-male gender bias affects career engagement differently depending on gender. Further 

studies are needed to elaborate on these relationships and whether sense of belonging, domain 

identification, and resilience may mediate these associations. Elucidating how these constructs 

promote or deter the professional development of surgeons-in-training, and, particularly, women 

is necessary for encouraging inclusivity, retention, and advancement in academic surgery.  
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4.0 The effect of stereotype threat on skill performance of surgical residents 

4.1 Introduction 

Gender stereotypes have been shown to impair the performance of underrepresented 

groups.3 This is proposed to occur through the activation of stereotype threat, a phenomenon that 

describes the risk of reinforcing a negative stereotype about the group with which an individual 

identifies.18 Susceptibility to stereotype threat requires that an individual have knowledge of a 

negative stereotype, identify strongly with the stereotyped group, and be concerned with 

achievement in the domain regarded by the stereotype (e.g., surgery).146, 147 Stereotype threat can 

be activated by explicitly indicating low performance in one group compared to another (i.e., 

women versus men)148 or by raising awareness of underrepresented status,127 and is particularly 

salient in competitive high-pressure situations, such as surgical residency, in which an individual 

has great personal motivation to excel.146 

Stereotype threat contributes to measurable differences in technical skill performance by 

depleting executive function and siphoning attention away from the task at hand.4 For surgeons, 

professional performance includes assessments of technical ability. Importantly, technical 

performance is becoming the dominant metric by which surgeon competence and achievement is 

judged both by patients and hospital systems.5-7 In fact, The American Board of Surgery now 

requires that surgeons achieve a passing score on the Fundamentals of Laparoscopic Surgery (FLS) 

exam, an assessment of laparoscopic skill. Here we study how technical skill performance is 

influenced by negative stereotypes against women during residency, a phase of profound personal 

and professional development.  



43 

Specifically, this multi-center study sought to investigate if gender moderated the 

association between evoking negative stereotypes about women and skill performance. We 

hypothesized that triggering stereotype threat would affect FLS score differently in women 

compared to men. We anticipated that women who were provided with data indicating that women 

have inferior technical skill performance than men would score worse than women who were 

presented with data suggesting no gender-based difference in performance. We expected that 

intervention would not be associated with difference in FLS score among men. 

4.2 Methods 

4.2.1 Study setting and design 

We conducted a multi-center randomized trial to study the effect of stereotype threat 

activation on the technical skill performance of general surgery residents at three diverse academic 

campuses (Figure 9). General surgery residents at UPMC (coordinating center), the University of 

North Carolina-Chapel Hill (UNC), and the University of Washington (UW) were recruited and 

enrolled as previously described in our second project. Participants included in this study 

completed the survey-based study in the previous project, which evaluated the association between 

gender bias and career engagement. IRB approval was obtained at each participating institution 

(UW: STUDY00005154; UPMC: PRO18040386; UNC: Study#18-1921). This trial was registered 

under ClinicalTrials.gov identifier NCT03623009. 
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Figure 9: Study design 

Of the 147 residents recruited, 85 met eligibility criteria and underwent randomization. Residents who completed 
the Fundamentals of Laparoscopic Surgery (FLS) tasks were included in the primary outcome analysis. 

4.2.2 Study instruments and interventions 

Residents were randomized 1:1 to receive either a female-focused stereotype threat trigger 

(i.e., women are negatively labeled) or protection against stereotype threat in a permuted block 

design stratified by study site, post-graduate level, and gender. At study outset, participants were 

informed that the objective of this investigation was to explore how the surgical training 

environment affects surgical skill performance. In an effort to enhance validity and promote 

spontaneous behavior, detailed information regarding the study’s purpose of investigating the 

effect of stereotype threat activation on skills performance was not proffered;149  instead, residents 
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were told that they would be given reading material prior to completing the FLS assessment in 

order to assess how their performance would change if their focus was distracted immediately 

before completing a technical skill  (i.e., distributive task processing). After the investigation was 

complete, participants were debriefed by the primary investigator; interventions, study intent, and 

results were disclosed in an open-forum using PowerPoint slide presentation. 

Adapting a validated method of activating or protecting against stereotype threat,150  

intervention A was meant to trigger stereotype threat among women by asking participants to read 

the abstracts of two articles that evoked negative stereotypes of women by reporting that women 

performed worse with regard to laparoscopic skills than men. Intervention B was meant to protect 

against stereotype threat by asking participants to read two abstracts that debunked negative 

stereotypes about women by reporting no gender-based differences in laparoscopic skills 

performance. Residents were not aware that these abstracts served as the manipulation. 

Intervention abstracts were altered from originals151, 152 using Adobe® Photoshop® (Appendix B, 

Appendix C). Article title, authors, and journal volume, issue, and page number data were obscured 

so as to prevent participants identifying the article or recognizing that the content and findings 

were modified to suit the intervention arm. Although no formal pilot testing was performed to 

evaluate resident responses to the interventions, previous experiments have demonstrated that 

reading material claiming inferior performance by a stereotyped group compared to a non-

stereotyped group triggers stereotype threat for individuals that identify as the stereotyped group 

with consequent worse performance on math assessments.153 Being told that men and women 

perform similarly well on a task, on the other hand, has been shown to protect women against 

stereotype threat activation and result in improved performance.20 
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According to the randomization assignment, articles were placed in a sealed envelope 

labeled with the participant’s study code and provided to each participant just prior to 

administration of the technical skills assessment. Residents were asked to read the abstracts and 

summarize the main conclusion in one sentence. An investigator reviewed the sentences for 

concordance with study findings as a way of determining that residents had understood the 

message of the abstracts. Immediately after the interventions, the subjects completed the FLS 

assessment (task-portion), a standardized and validated simulation-based assessment of 

laparoscopic ability,154-157 followed by a survey evaluating psychosocial constructs germane to 

professional achievement (Appendix A) in-person in the testing center. This survey was composed 

of validated subscales (described previously for our second project) assessing sense of belonging 

(SOBI), resilience (CD-RISC), and identification with the domain of surgery (DIM).104-106 In 

addition to these survey subscales, this study utilizes data from the Social Identities and Attitudes 

Scale (SIAS)158 which evaluates susceptibility to stereotype threat. Susceptibility to stereotype 

threat is discussed in detail in the subsection that follows.  

No resident was compensated for their participation. FLS exams were administered by two 

proctors certified by the Society of American Gastrointestinal and Endoscopic Surgeons (SAGES), 

who were blinded to the participants’ intervention arm. Exams were sent to SAGES for scoring 

under the residents’ deidentified participant code and returned to the central site coordinator. 

Residents understood that their score was for study purposes alone and could not be used for FLS 

certification. Proctors and SAGES were compensated for their involvement in exam administration 

and scoring.  
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4.2.2.1 Susceptibility to stereotype threat 

Although environmental factors like gender bias have been shown to create barriers for the 

achievement of women in STEM fields,19 how an individual internalizes and interprets these 

stimuli determines the degree to which negative consequences occur.148 We consider bias favoring 

men in the surgical training environment to be a manifestation of negative stereotypes about 

women surgeons. Our first study showed that female residents who perceived pro-male bias were 

acutely aware of these stereotypes. In order for a woman to be sensitive to the effects of these 

stereotypes, she must both derive her identity from being a woman, and recognize the negative 

stereotype that is being suggested by an environmental cue (i.e., gender stigma consciousness).148,

158 To our knowledge, the only survey instrument with validated subscales for both gender identity 

and gender stigma consciousness is the Social Identity and Attitudes Scale (SIAS). In addition to 

the scales assessing sense of belonging, resilience, and domain identification, nine items from the 

SIAS scale assessed susceptibility to stereotype threat based on the degree to which an individual 

identifies their gender as a defining aspect of their social identity and the extent to which they 

recognize negative stereotypes about their gender.158 

4.2.3 Outcomes and statistical analysis 

Our primary hypothesis was that the association between intervention arm and FLS score 

would vary by gender. Specifically, we anticipated that, when female-focused stereotype threat 

(i.e., evoking a negative stereotype about women) was activated, women but not men would have 

reduced performance such that gender-based differences in FLS score would be more pronounced. 

Although there is limited data with regard to differences in performance of men and women 

on FLS assessment, women have been shown to perform worse than men on the Fundamentals of 
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Endoscopic Surgery (FES) skills assessment,159 a simulation based technical skills assessment 

similar to the FLS.160 It is important to note that the designation of endoscopic surgery by SAGES 

refers to procedures using an endoscope, a flexible tube containing a light source and camera that 

is used to evaluate the gastrointestinal tract. Laparoscopic surgery, on the other hand, describes is 

a minimally invasive technique using a fiber-optic instrument that is inserted through the body 

wall and allows visualization of organs. Although etymologically laparoscopic surgery refers only 

to procedures involving abdominal organs (lapara (abdomen/flank) + scopein (watch)), this 

terminology practically refers more broadly to any surgical procedure involving the 

laparoscope.161 As laparoscopic techniques are quickly replacing more invasive, i.e., open, 

approaches,162 the FLS is a more appropriate measure of surgical skill. Additionally, the FES 

assessment was only added as a requirement for American Board of Surgery certification in 2018, 

which was after this study was designed and IRB approvals were obtained.163   

The primary outcome of FLS score was assessed as a continuous value. We modeled the 

association between intervention arm and FLS score using linear regression incorporating an 

interaction term for gender and adjusting for site and training level. Details for range of score for 

surgery residents in general and how the FLS exam is assessed are considered proprietary and were 

not released to study investigators by SAGES. This study was originally powered to detect an 

overall difference in FLS performance between intervention arms; a minimum sample size of 84 

residents was calculated to detect a 20-point difference in FLS score at 80% power, alpha=0.05, 

and counting for 10% drop-out after randomization and prior to FLS task completion.33 To 

adequately power a test of the moderating effect of gender on intervention arm, our primary 

hypothesis, we would have needed to increase this sample size by a factor of four.  
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4.2.3.1 Post-hoc and exploratory analyses 

Psychosocial constructs (i.e., susceptibility to stereotype threat, sense of belonging, 

resilience, and identification with the domain of surgery) that were considered in post-hoc and 

exploratory analyses were evaluated using previously validated subscales consisting of 7-10 items, 

each of which was graded on a Likert scale from 1-5, with 1 indicating the lowest intensity of 

response. The scores from items within a psychosocial domain were summated to yield a total 

continuous subscale score. 

The intended purpose of incorporating the SIAS scale was to evaluate post-hoc whether 

susceptibility to stereotype threat moderated the effect of the interaction between gender and 

intervention arm on FLS score. We modeled whether the 2-way interaction effect between gender 

and intervention arm changed over values for susceptibility to stereotype threat (i.e., a three-way 

interaction between intervention arm, gender, and susceptibility to stereotype threat) since 

individuals who are more sensitive to the effects of stereotype threat may have different 

psychological responses to its activation compared to those who are less sensitive.  

As sense of belonging, domain identification, and resilience have been associated with 

gender-based differences in performance, we performed exploratory analyses interrogating 

whether these construct mediated the association between intervention-type and FLS score in 

either men or women using linear mediation models. We expected that these psychosocial 

constructs would serve as strong mediators and account for a significant portion of the association 

between activation of stereotype threat and skill performance. The moderating effect of gender 

was retained in these exploratory analyses regardless of whether the effect of intervention on FLS 

score differed significantly by gender. We recognize that a moderated mediation model is not 

typically utilized if the association between the independent (i.e., intervention arm) and dependent 



50 

variable (i.e., FLS score) does not significantly vary over the level of the moderator variable 

(gender). However, because we were underpowered to see moderating or interaction effects, these 

interactions may have only been insignificant because of insufficient sample size. For this reason, 

exploratory analyses incorporating moderated mediation were deemed to still be informative. 

STATA15 was used for all analyses. A p-value £ 0.05 was considered significant.  

4.3 Results 

Of 85 residents randomized, 77 (91%) completed the study. Three residents in the 

intervention A arm and four residents in the intervention B arm were unable to schedule their FLS 

exam during the periods of time when the study proctor was available to administer exams. One 

resident in the intervention A arm arrived to his scheduled FLS exam but was paged to attend to 

clinical responsibilities prior to receiving the intervention. 

4.3.1 Primary outcomes 

Although the mean score was lower for women compared to men in both intervention A 

(367 ± 152 vs. 423± 148; p=0.12) and intervention B (328 ± 168 vs. 400 ± 142, p=0.08) these 

differences were not statistically significant (Figure 10).  Intervention group was not associated 

with FLS score (coefficient 31.4; 95% CI -37.9, 100.7; p=0.37) but female sex was associated with 

decreased FLS score (coefficient -65.5; 95% CI -131.5, 0.42; p=0.05).  The association between 

intervention group and FLS score was similar in men and women (p-value for interaction 0.83). 
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Figure 10: Fundamentals of Laparoscopic Surgery scores for residents by gender and intervention arm 

4.3.2 Post-hoc and exploratory analyses 

Survey response data are presented in Table 8. The association between stereotype threat 

activation and FLS score differed by gender across levels of susceptibility to stereotype threat 

(interaction coefficient -35.2; 95% -60.8, -9.7; p=0.01; Figure 11). Among women who received 

a trigger of stereotype threat, higher susceptibility to stereotype threat was associated with lower 

FLS score (coefficient -9.9; 95% CI—21.3, -1.5; p=0.04). In contrast, there was no significant 

association between susceptibility to stereotype threat and FLS score among women who received 

protection against stereotype threat (coefficient 12.0; 95% CI-9.0, 33.0; p=0.24). Among men with 

higher susceptibility to stereotype threat, evoking negative stereotypes about women was not 

significantly associated with FLS score (coefficient 5.2; 95% CI -7.9, 18.3; p=0.42). In contrast, 
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among men who read abstracts indicating that male and female residents perform equally well on 

laparoscopic skills assessments, higher susceptibility to stereotype threat was associated with 

lower FLS score (coefficient -8.2; 95% CI -17.0, -0.68; p=0.05). 

Table 8: Survey response data 

Males Females 
Subscale Intervention A 

Mean (SD) 
Intervention B 

Mean (SD) 
p-value Intervention A

Mean (SD) 
Intervention B 

Mean (SD) 
p-value

Susceptibility 
to stereotype 
threat 

19.73 (5.67) 19.25 (7.51) 0.82 17.47 (5.84) 17.64 (4.21) 0.92 

Sense of 
belonging 

16.86 (5.63) 17.65 (6.60) 0.67 16.52 (6.55) 16.89 (5.67) 0.18 

Resilience 15.32 (5.40) 14.60 (4.82) 0.66 19.26 (8.53) 20.06 (6.12) 0.75 
Domain 
identification 

13.58 (5.26) 11.9 (3.65) 0.25 13.05 (5.05) 14.41 (5.32) 0.44 

Figure 11: Gender based differences in Fundamentals of Laparoscopic Surgery score as susceptibility 
to stereotype threat varies 
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For women, sense of belonging may have mediated the effect of triggering stereotype threat 

on FLS score as there was a nonsignificant decrease in the association between intervention group 

and FLS score. Triggering stereotype threat was significantly and negatively associated with sense 

of belonging. Sense of belonging was significantly positively associated with FLS score. Sense of 

belonging did not mediate the association between intervention group and FLS Score among men. 

Figure 12: Association of Intervention Group A and Fundamentals of Laparoscopic Surgery (FLS) as 
mediated by sense of belonging for women (panel A) and men (panel B) 

Resilience did not mediate the association between intervention group and FLS score 

among women or men as the total effect of intervention group on FLS score was the same as its 

direct effect for both genders (Figure 13). 

Figure 13: Association of Intervention Group A and Fundamentals of Laparoscopic Surgery (FLS) as 
mediated by resilience for women (panel A) and men (panel B) 
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For women, domain identification may have mediated the effect of triggering stereotype 

on FLS score as there was a modest non-significant decrease in the total effects of intervention a 

on FLS score (Figure 14). Activation of stereotype threat was non-significantly associated with a 

decrease in domain identification. Domain identification was non-significantly positively 

associated with FLS score. Domain identification did not mediate the association between 

intervention group and FLS Score among men (Figure 14).  

Figure 14: Association of Intervention Group A and Fundamentals of Laparoscopic Surgery (FLS) as 
mediated by domain identification for women (panel A) and men (panel B) 

4.4 Discussion 

To our knowledge, this is the first multi-center randomized controlled study to explore how 

stereotype threat activation affects technical skill performance among general surgery trainees. 

The association between intervention group and FLS score was similar in men and women. 

However, among women with higher susceptibility to stereotype threat, evoking negative 

stereotypes about women was associated with lower FLS scores. These findings suggest that the 
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operative performance of stigmatized individuals may suffer if they are exposed to negative 

stereotypes about the group with which they identify.   

A substantial body of research has demonstrated that gender stereotypes can decrease 

professional performance of women.3 While previous studies have illustrated the consequences of 

gender stereotypes on promotion19 and opportunities,23 a causal link between stereotype threat 

activation and technical skill performance among female general surgery residents has not been 

established. Our finding that intervention arm alone was not associated with differences in FLS 

score between men and women is consistent with previous studies that have been unable to identify 

gender-based differences on FLS or other laparoscopic skills metrics.152 This observation 

oversimplifies the reaction to stereotype threat given that it does not take into account that 

stereotype threat impacts stigmatized individuals differently.96, 164 Rather, understanding one’s 

reaction to stereotype threat requires consideration of psychological factors.25 One such factor that 

influences the relationship between performance and stereotype threat is susceptibility to 

stereotype threat. Susceptibility to stereotype threat requires both that an individual is cognizant 

of gender stigma (i.e., gender stigma consciousness) and identifies as the stereotyped gender.124,

158 We show that reminding women who exhibit higher susceptibility to stereotype threat of 

negative gender stereotypes reduces performance on the FLS exam. This result corresponds with 

data previously published96  indicating that underrepresented demographics express increased 

anxiety about their abilities in a manner that may reduce performance. Given that technical skill 

performance is requisite to ascertaining surgical competence, efforts to reduce the effect of 

negative gender stereotypes are paramount to the success of women in academic surgery. 

Interestingly, among men with higher susceptibility to ST, there was a non-significant 

positive (i.e., upward) directionality with regard to FLS score when presented with negative 
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stereotypes about women. While not reaching statistical significance, it is worth noting that this 

observation is consistent with data from others demonstrating that men exhibit improved 

performance when told that women perform worse compared to when they are told that no 

difference in performance exists.20 This phenomenon has been referred to as stereotype lift165 and 

is theorized to occur because men perceive an indirect advantage as a result of the negative labeling 

of women.166 Gender stereotypes that potentially contribute to worse performance among women 

and better performance among men may ultimately influence gender-based disparities in 

professional success. 

Previous studies have demonstrated that negative stereotypes may contribute to the 

underrepresentation of women in surgery by influencing psychological constructs associated with 

self-perception and self-efficacy.25 Sense of belonging, is one such construct and describes the 

degree to which an individual feels valued by and integrated into their professional community. 

While the influence of belonging has not been studied in surgical trainees, studies from higher 

education have indicated its importance for intentions to persist in academic endeavors among 

minorities.26 In this study, we observed a nonsignificant decrease in the coefficient for the 

association between triggering stereotype threat and FLS score among women, which may indicate 

that sense of belonging mediates this relationship. While our second study investigated a different 

exposure and outcome of interest, the result of this third study mirrors this finding insofar as we 

noted an inverse relationship between pro-male bias and career engagement. For men, on the other 

hand, our findings for this study were incongruent with those of our second study; sense of 

belonging did not mediate the association between intervention group and FLS score for men. We 

were surprised that sense of belonging did not mediate an improved score on the FLS among men 

after they were presented with a negative stereotype about women. Perhaps we would have 
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appreciated this relationship if we had explicitly referenced positive stereotypes about men rather 

than suggesting a negative stereotype about women. Further studies are necessary to investigate 

how sense of belonging affects performance and professional success differently for men and 

women and whether different environmental cues affect men’s and women’s sense of belonging 

to different degrees.  Moreover, if sense of belonging mediates the effect that negative stereotypes 

about women have on the performance of female surgery residents, it may also be associated with 

other metrics of professional success, and, by extension, persistence in the field. 

Resilience has been identified as a quality that buffers against stereotype threat activation. 

In this study, however, resilience did not have a mediating effect on the association between 

female-focused stereotype threat activation and FLS performance for either men or women. In 

comparison, although resilience also did not mediate the association between pro-male bias and 

engagement for women, in our second study resilience may have mediated this relationship among 

men. These differences suggest, first, that there are different types of resilience, and, second, that 

the degree to which resilience is protective is situationally dependent. Broadly, resilience has been 

categorized as cognitive, emotional, or physical.167 Resilience has also been classified with respect 

to specific outcomes; for example, academic resilience is defined by academic achievement in the 

face of adversity.168 It may be that bias and stereotype threat activate cognitive and emotional 

resilience to different extents with different consequences for engagement versus technical skill 

performance. The scale used to assess resilience in this study does not distinguish between types 

of resilience. Another factor to consider is that this study investigated the effect of stereotype threat 

activation as an acute stressor. Both acute and chronic exposure to stereotype threat have been 

shown to account for gender discrepancies in achievement.169 The relative strength of acute versus 

chronic effects and how acute on chronic activation influences outcomes, however, are 
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understudied. Our first two studies suggest that negative stereotypes about women are pervasive 

in the surgical training environment. In situations such as this, where a chronic social stressor is 

present, women may develop an enduring and maladaptive response that erodes the influence of 

resilience thereby rendering it inconsequential.170  

In women, domain identification has been shown to both influence vulnerability to 

stereotype threat and to diminish as a result of stereotype threat activation. For example, in a study 

of secondary students’ math performance, women who identified strongly with the domain of 

mathematics were more susceptible to the effects of stereotype threat activation on mathematic 

assessment score than women who had low domain identification.171 Our study, however, focused 

not on the moderating influence of domain identification, but rather on whether this psychosocial 

construct mediated the response to a trigger of stereotype threat. Others have shown that over time 

and in response to sequential stereotype threat activation, individuals disidentify from a domain.172,

173 Since, as we observed in our first study, negative stereotypes about women are apparent in the 

surgical training environment, we viewed our intervention A as presenting an acute on chronic 

exposure. We expected an inverse association between stereotype threat activation and domain 

identification as female residents disidentify from the domain of surgery to preserve self-worth. 

Domain identification did not appear to mediate the association between evoking negative 

stereotypes about women and FLS score for men. Unlike for women, there is little evidence to 

substantiate that domain identification among men changes in response to gender stereotypes. 

Similar to the data for women, however, several studies that suggest domain identification 

moderates men’s reactions to positive male stereotypes. When exposed to these stereotypes, males 

with higher domain identification have improved performance and those with lower domain 

identification have worse performance. Perhaps factors that contribute to development and 
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plasticity of domain identification differ between men and women. Additionally, it is important to 

consider that academic surgery describes a profession with two distinct subdomains: scholarly 

activity and clinical competence. The DIM, which was used in this study, does not distinguish 

between these subdomains. It is possible that male participants pursuing a career in academic 

surgery identify more as scholars than as clinicians. In this case, testing the association between a 

positive stereotype about clinical performance and evaluating its effect on FLS score may not have 

revealed the mediating effect of domain identification as well as testing the association between 

research-related positive stereotypes and metrics of scholarly productivity (e.g., awarded 

grants/funding). By the same token, it may be that because women are underrepresented both in 

clinical and academic subdomains within surgery, a mediating effect of domain identification was 

observed in both this and the previous project. Further studies are necessary to both investigate 

factors that facilitate or impede domain identification and to delineate how identifying with 

different subdomains within the field of surgery can contribute to professional development. 

4.4.1 Limitations 

There are several limitations. First, while our sample size was sufficient to determine an 

overall difference between intervention groups in FLS scores, we were underpowered to study 

effect modification or interactions. Contamination174 that resulted from residents recognizing the 

purpose of activating stereotype threat (i.e., failure of planned deception) and developing a 

reactive, rather than vulnerability, response59 may have biased our results toward the null. Indeed, 

during debriefing, several women commented that suggesting women performed worse than men 

motivated them to achieve higher scores. Similarly, the intent of these interventions may have been 

transparent for discerning residents; in this situation, participants may have less seriously 
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functioning purported to occur during stereotype threat activation would not occur. While there 

is precedent for comparing performance after a trigger of stereotype threat activation versus 

an intervention aimed at protecting against stereotype threat (i.e., after indicating equal 

performance between stigmatized and non-stigmatized groups), we recognize that merely 

calling attention to gender may have inadvertently activated stereotype threat in the non-

trigger intervention arm. Accordingly, a more robust experimental design may have been to 

compare an intervention that evoked negative stereotypes about women with one that did not 

mention gender or surgical performance at all. Finally, as our comparisons relied on responses 

to stereotypes about women, we were not able to observe differences that would occur after 

introducing stereotypes about men, positive or otherwise.165,166 We did not perform pilot testing 

of the intervention materials, which would have better characterized this variability in response. 

As there are no metrics by which to evaluate degree to which training environments perpetuate 

negative stereotypes about women, we could not account for how ambient cues and 

organizational policies may have influenced intervention effect.175 

4.4.2 Conclusion 

 Stereotype threat may affect technical skill performance among women pursuing 

careers in academic surgery. As technical performance is key to demonstrating surgical 

competence, these negative stereotypes may have significant ramifications for the 

professional development of female surgical trainees. Academic institutions should focus 

efforts both on mitigating factors within the training milieu that emphasize surgery as a 

masculine profession and on imparting coping strategies to female residents for gender-

specific deterrents such as negative stereotypes. 
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Further investigations are necessary to elucidate whether psychosocial constructs such as sense of 

belonging, domain identification, and resilience mediate the response to negative stereotypes, and, 

if so, how these constructs may be leveraged for interventions aimed at improving professional 

development. 
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5.0 Conclusion 

Diversity in the medical workforce is fundamental to scientific discovery and providing 

optimal patient care. Findings from organizational science highlight the benefit of multiple 

perspectives, a corollary of diversity in the professional environment, for problem-solving.176 

Studies within medicine have yielded similar results.176 Gender diversity, in particular, contributes 

to higher quality scholarship and better clinical outcomes.177 Unfortunately, despite a resounding 

commitment to gender parity from scientific and medical communities, women remain 

underrepresented in many health-related professions. In traditionally male dominated fields, such 

as general surgery, gender-based stereotypes may hamper work-force diversity by negatively 

influencing the retention and promotion of women.13 Recognizing that psychological, social, and 

cultural elements impact career pursuits,178, 179 the National Institutes of Health’s Enhancing 

Diversity Initiative advocates for investigations that address 1) how bias and stereotype threat 

encourage homogeneity, and 2) interventions to mitigate these effects.180 The studies described in 

this dissertation are aligned with this initiative, establish the role of pro-male bias and negative 

stereotypes about women in the professional development of academic surgeons-in-training, and 

provide a platform that informs interventions aimed at creating a more gender-inclusive ethos. 

In the first project, we explored whether bias and stereotypes modify the experiences of 

men and women during residency. Although these issues have drawn increased interest,181 

especially in the period of the #MeToo movement,182 few studies investigate their relevance to the 

surgical training environment. Our first project demonstrated that both female and male residents 

reported bias favoring men and recognized negative stereotypes about women surgeons. In 

association with these findings, female trainees were less comfortable identifying themselves as 
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surgeons and more frequently described negative consequences to their professional development 

(e.g., hardship or task interference, lack of mentorship). While there were several limitations 

inherent to the qualitative single-center nature of this study, the results were useful insofar as they 

substantiated that gender-related bias and stereotypes are associated with disparate experiences 

between men and women and revealed that women attributed feelings of diminished professional 

self-worth to these. Considering this observation within a social cognitive theory framework 

emphasizes that behaviors that facilitate or impede learning are dynamic and develop as a result 

of the interaction between a person and their environment.48 In this way, reflexive self-definitions 

such as those that are associated with one’s professional identity may fluctuate in response to 

environmental triggers such as negative stereotypes or bias.183 Accordingly, individuals may be 

inclined to disengage from career related endeavors as a protective mechanism in order to preserve 

self-worth.184 This may be one possible mechanism for the increased levels of attrition among 

female compared to male residents.32 The resulting inability to retain women within the specialty 

reinforces gender imbalance. 

 Our second project aimed to expand upon the findings in our first study by testing the 

association between perceiving gender bias in the training environment and career engagement.  

Professional achievement after residency results from patterns of action that reflect degree of 

engagement.185 Perceiving pro-male bias was associated with increased career engagement among 

men. We were not able to appreciate a significant association between perceiving pro-male bias 

and career engagement among women.  Engagement is a complex construct with cognitive and 

behavioral components. Additional studies are necessary to thoroughly assess the association 

between gender bias and engagement among women. Although we evaluated career engagement 

using an adaptation of a previously validated survey subscale, appropriate and specific metrics for 
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engagement in academic general surgery are lacking and have hampered progress in creating 

effective interventions.186 Thus, there is an opportunity for future studies, first, to identify these 

metrics, and, second, to evaluate the efficacy of behavioral interventions aimed at improving 

retention among women in academic general surgery through increased engagement.  

Our final project demonstrated that when negative stereotypes about women are evoked, 

women residents with higher susceptibility to stereotype threat performed worse on a measure of 

technical competence. Although others have demonstrated the effect of stereotype threat on 

performance for women in STEM,187 to our knowledge we are the first to assess this relationship 

in general surgery trainees using a validated assessment of technical skill. While the FLS, a 

simulation-based evaluation of surgical competency, has been shown to reflect operative ability 

among trainees,188 it is unclear whether triggers of stereotype threat have a measurable effect on 

surgical outcomes or the degree to which this effect persists in more seasoned surgeons. There is 

some evidence to support that female surgeons have fewer postoperative complications, mortality, 

and readmissions relative to their male colleagues.189 The tangible consequences of stereotype 

threat on patient care require further investigation.  

In an effort to understand contributing psychological factors, we surveyed residents with 

regard to parameters that have been shown to influence engagement. These included sense of 

belonging, resilience, and domain identification. Our second study demonstrated that sense of 

belonging and domain identification may possibly mediate the association between gender bias 

and career engagement differently for men than women. In our third study, though we did not 

observe that any of these constructs mediated the association between evoking a negative 

stereotype about women and FLS score among male residents. Additional investigations are 

needed to determine how sense of belonging and domain identification can alter the effect of 
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environmental stimuli relating to gender stereotypes and bias, and whether this results in 

ramifications for the professional development of surgeons in training. 

Resilience was another psychosocial construct considered in the exploratory analyses of 

projects two and three. We failed to detect mediating effects of resilience in these studies.  This 

may have been in part due to a limited sample size. We must, however, also consider that resilience 

is multi-factorial190 and/or may not be the panacea to social adversity that it is touted to be. It is 

conceivable that women who pursue careers in surgery have successfully entered into the field 

because of high resilience. This quality, however, may be less useful for persisting thereafter. Prior 

to implementing interventions aimed at increasing resilience,191 future investigations are required 

to parse the specific aspects of resilience that confer protection to stereotypes and bias and the 

circumstances in which these function. 

The projects discussed in this dissertation are limited in that they do not address how being 

a member of multiple underrepresented demographics compound the effect of bias and negative 

stereotypes.192 Simplifying these studies to focus specifically on women, typically the most well 

represented minority demographic, has allowed us to more easily identify threats to professional 

identity at the expense of underestimating the influence of intersectionality. Recognizing the 

heterogeneity of effect that intersectionality confers is paramount to designing successful 

interventions that benefit all underrepresented groups. 

In addition to the concrete primary outcome of technical skill performance, this study also 

considered the influence of stereotype threat activation on psychosocial determinants of success 

as secondary outcomes. Others have demonstrated that diminished sense of belonging may 

contribute to the underrepresentation of women in traditionally male-dominated fields.116 Further 
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investigations are needed to determine how sense of belonging and other psychosocial parameters 

moderate responses to stereotype threat. 

The work described in this dissertation has gone beyond demonstrating the existence of 

gender disparities in surgery, which has long affected the landscape of medical training; it has shed 

light on the mechanisms by which gender bias and stereotypes cause underrepresentation of 

women. Interventions that effectively promote the recruitment and retention of female surgeons 

should target outcomes such as engagement and skill performance by addressing both 

environmental and individual factors.   
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Appendix A Survey questions 

Gender bias in the environment adapted from the employee environment diagnostic survey (EEDS) 
 

1. Does gender bias favoring men exist in the surgical training environment (i.e., residency)? 

2. To what degree are men offered institutional support more often than women? 

3. To what degree are men evaluated more fairly than women? 

4. To what degree are women discouraged from making their own work decisions? 

5. To what degree are operative opportunities offered more frequently to men compared to women? 

6. To what degree do men receive more recognition based on their work compared to women? 

7. To what degree are others willing to help men compared to women? 

8. To what degree are men offered more professional development opportunities compared to women? 

 

Gender Stigma Consciousness and Gender Identity subscales from Social Identity and Attitudes Scale  

(SIAS) 

9. My gender affects how people act towards me. 

10. Members of the opposite sex interpret my behavior based on my gender. 

11. My gender affects how people treat me. 

12. Most people judge me on the basis of my gender. 

13. My gender influences how teachers interpret my behavior. 

14. My gender is central to defining who I am. 

15. My gender contributes to defining who I am. 

16. My gender contributes to my self-confidence. 

17. My identity is strongly tied to my gender. 

 

Sense of belonging from the SOBI-P subscale 

18. I wonder if I really fit in with other surgeons. 

19. People accept me. 
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20. What I offer is valued by the surgical community.

21. I feel like an outsider.

22. My background and experiences are different than those of other surgeons.

23. I feel left out.

24. I am not valued or important.

Identification with the domain of surgery from the Domain Identification Measure (DIM) 

25. How much do you value being a surgical resident?

26. Do you think that being a surgeon is an important and/or necessary part of your life?

27. How important is it to you to do well in residency?

28. How much do you enjoy academic surgery?

29. How much do you enjoy operating?

30. How much is surgery to the sense of who you are?

31. How important is being a surgeon?

Resilience from the Connor-Davidson Resilience Scale (CD-RISC) 

32. I am able to adapt to change.

33. I can deal with whatever comes.

34. I try to see the humorous side of problems.

35. Coping with stress can strengthen me.

36. I tend to bounce back after hardship.

37. I can achieve goals despite obstacles.

38. I can stay focused under pressure.

39. I am not easily discouraged by failure.

40. I think of myself as a strong person

41. I can handle unpleasant feelings.

Career engagement from the Career Engagement Scale (CES): 
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To what extent have you: 

42. Actively sought out to design your research agenda? 

43. Undertook activities to achieve your research goals? 

44. Cared about developing your research agenda? 

45. Developed plans and goals for your future research? 

46. Sincerely thought about your personal values, interests, abilities, and weaknesses as an academic  

surgeon? 

47. Collected information about research projects and opportunities? 

48. Established or maintained contacts with individuals who can help you develop research projects? 

49. Voluntarily participated in research? 

50. Assumed activities that will help you progress professionally as an academic surgeon?  
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Appendix B Intervention A Abstracts 
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Appendix C Intervention B Abstracts 

 



 74 



 75 

 



 76 

Bibliography 

1. Bouncken R. Creativity in Cross-Cultural Innovation Teams: Diversity and Its Implications 
for Leadership. In Meusburger P, Funke J, Wunder E, eds. Milieus of Creativity. 
Knowledge and Space. Dordecht: Springer; 2009. 

 
 
2. National Institutes of Health. Enhancing the Diversity of the NIH-Funded Workforce.  

https://www.nigms.nih.gov/training/dpc. Published 2019. Accessed December 9, 2019. 
 
 
3. Jackson SE, Brett JF, Sessa VI, Cooper DM, Julin JA, Peyronnin K. Some differences 

make a difference: Individual dissimilarity and group heterogeneity as correlates of 
recruitment, dissimilarity, and group heterogeneity as correlates of recruitment, promotion, 
and turnover. Journal of Applied Psychology. 1991; 76(5): 675-789. 

 
 
4. Barak MEM. Inclusion is the key to diversity management, but what is inclusion? Human 

Service Organizations: Management, Leadership & Governance. 2015; 39(2): 83-88. 
 
 
5. Moore MD, Gray KD, Abelson J, Fehling D, Fahey TJ, Beninato T. Women in surgical 

academia: Is underrepresentation due to lack of competitive inflow? Presented at the 
Academic Surgical Congress. February 2018. Jacksonville, Florida. 

 
 
6. Zhuge Y, Kaufman J, Simeone DM, Chen H, Velazquez OC. Is there still a glass ceiling 

for women in academic surgery? Ann Surg. 2011; 253(4): 637-43. 
 
 
7. Casad BJ, Bryant WJ. Addressing stereotype threat is critical to diversity and inclusion in 

organizational psychology. Front Psychol. 2016; 7(8): 1-18. 
 
 
8. Davison HK, Burke MJ. Sex discrimination in simulated employment contexts: a meta-

analytic investigation. Journal of Vocational Behavior. 2000; 56 (2): 225-248. 
 
 
9. Olian JD, Schwab DP, Haberfield Y. The impact of applicant gender compared to 

qualifications on hiring recommendations: A meta-analysis of experimental studies. 
Organizational Behavior and Human Decision Processes. 1988; 41(2): 180-195. 

 
 



 77 

10. Tosi HL, Einbender SW. The effects of the type and amount of information in sex 
discrimination research: A meta-anaysis. Academy of Management Journal. 1985; 28 (3): 
712-723. 

 
 
11. Faigman DL, Dasgupta N, Ridgeway CL. The matter of fit: The law of discrimination and 

the science of implicit bias. Hastings Law Journal. 2007; 59: 1389-1434. 
 
 
12. Lyness KD, Heilman ME. When fit is fundamental: performance evaluations and 

promotions of upper-level female and male managers. Journal of Applied Psychology. 
2006; 91(4): 777-85. 

 
 
13. Biernat M, Fuegen K. Shifting standards and the evaluation of competence: complexity in 

gender-based judgement and decision making. Journal of Social Issues. 2001; 27(4): 707-
724. 

 
 
14. Lyons NB, Bernardi K, Huang L, Holihan JK, Cherla D, Martin AC, Milton ML, Tien C, 

Liang MK, Hydo L. Gender disparity in surgery: an evaluation of surgical societies. 
Surgical Infections. 2019; 20(5): 406-410. 

 
 
15. Sexton KW, Hocking KM, Wise E, Osgood MJ, Cheung-Flynn J, Komalavilas P, Campbell 

KE, Dattilo JB, Brophy CM. Women in academic surgery: the pipeline is busted. Journal 
of Surgical Education. 2012; 69(1): 84-90. 

 
 
16. Seemann NM, Webster F, Holden HA, Moulton CA, Baxter N, Desjardins C, Cil T. 

Women in academic surgery: why is the playing field still not level? American Journal of 
Surgery. 2016; 211(2): 343-349. 

 
 
17. Ridgeway CL, Correll SJ. Unpacking the gender system: A theoretical perspective on 

gender beliefs and social relations. Gender and Society. 2004; 18(4): 510-531. 
 
 
18. Pennington CR, Heim C, Levy AR, Larkin DT. Twenty years of stereotype threat research: 

A review of psychological mediators. PLoS One. 2016; 11(1): e0146487. 
 
 
19. Hill C. Why so few? Women in Science, Technology, Engineering, and Mathematics. 

Education & Training 2019. https://www.aauw.org/research/why-so-few/. Published 2019. 
Accessed December 16, 2019.  

 



 78 

 
20. Spencer SJ, Steele CM, Quinn DM. ST and women’s math performance. Journal of 

Experimental Social Psychology. 1999; 35: 4-28. 
 
 
21. Walsh M, Hickey C, Duffy J. Influence of item content and stereotype situation on gender 

differences in mathematical problem solving. Sex Roles. 1999; 41: 219-240. 
 
 
22. Cheryan S, Plaut VC, Davies PG, Steele CM. Ambient belonging: How stereotypical cues 

impact gender participation in computer science. Journal of Personality and Social 
Psychology. 2009; 97(6): 1045-1060. 

 
 
23. Kluegel JR, Smith ER. Social institutions and social change., in Beliefs about inequality: 

Americans’ views of what is and what ought to be. Aldine de Gruyter: Hawthorne, NY; 
1986. 

 
 
24. Purdie-Vaughns V, Steele C, Davies P, Ditlmann R, Crosby J. Social identity 

contingencies: how diversity cues signal threat or safety for African Americans in 
mainstream institutions. Journal of Personality and Social Psychology. 2008; 94(4): 615-
630. 

 
 
25. Schmader R, Johns M, Forbes C. An integrated process model of stereotype threat effects 

on performance. Psychol Rev. 2008; 115(2): 336-356. 
 
 
26. Forbes CR, Schmader R, Allen JB. The role of devaluing and discounting in performance 

monitoring: a neurophysiological study of minorities under threat. Social cognitive and 
affective neuroscience. 2008; 3(3): 253-261. 

 
 
27. Woodcock A, Hernandez P, Estrada M, Schultz PW. The consequences of chronic 

stereotype threat: Domain disidentification and abandoment. Journal of Personality and 
Social Psychology. 2012; 103(4): 635-646. 

 
 
28. Freischlag J. Women surgeons still in a male-dominated world. Yale J Biol Med. 2008; 

81(203): e204. 
 
 
29. Davis EC, Risucci DA, Blair PG, et al. Women in surgery residency programs: evolving 

trends from a national perspective. J Am Coll Surg. 2011; 212: 320-326. 



 79 

30. Dyrbye LN, Shanafelt TD, Balch CM, et al. Relationship between work-home conflicts 
and burnout among American surgeons: A comparison by sex. Arch Surg. 2011; 146: 211-
217. 

 
 
31. Jena AB, Khuller D, Ho O, Olenski AR, Blumenthal DM. Sex difference in academic rank 

in US Medical Schools in 2014. JAMA. 2015. 314:1149-1158. 
 
 
32. Khousshhal Z, Hussain M, Greco E, et al. Prevalence and causes of attrition among surgical 

residents: A systematic review and meta-analysis. JAMA Surg. 2017;152: 265-272. 
 
 
33. Flyckt RL, White EE, Goodman LR, et al. The use of laparoscopy simulation to explore 

gender difference in resident surgical confidence. Obstet Gynecol Int. 2017; 2017: 
1945801. 

 
 
34. Fonseca AL, Reddy V, Longo WE, Udelsman R, Gusberg RJ. Operative confidence of 

graduating surgery residents: A training challenge in a changing environment. Am J Surg. 
2014; 207: 797-805. 

 
 
35. Gargiulo DA, Hyman NH, Hebert JC. Women in surgery: do we really understand the 

deterrents. Arch Surg. 2006;141: 405-407. 
 
 
36. DeVellis RF. Scale development theory and applications. Los Angeles: SAGE 

publications; 2017. 
 
 
37. Berk RA. Importance of expert judgement in content-related validity evidence. West J Nurs 

Res. 1990; 12: 659-671. 
 
 
38. Byrne E, Brugha R, Clarke E, Lavelle A, McGarvey A. Peer interviewing in medical 

education research: experiences and perceptions of student interviewers and interviewees. 
BMC Res Notes. 2015; 8: 513. 

 
 
39. Stuckey H. The second step in data analysis: coding qualitative research data. J Soc Health 

Diabetes. 2015; 3: 7-10. 
 
 
40. McHugh ML. Interrater reliability: the kappa statistic. Biochem Med. 2012; 22: 276-282. 



 80 

41. Ashforth BE, Kreiner GE. ‘How can you do it?’: Dirty work and the challenge of 
constructing a positive identity. Acad Manage Rev. 1999; 24: 413-434. 

 
 
42. Einarsen D, Hoel H, Zapf D, et al. Bullying and harassment at work and their relationship 

to work environment quality: an exploratory study. Eur Work Organ Psychol. 2003; 4: 
381-401. 

 
 
43. Ling M, Young CJ, Shepherd HL, Mak C, Saw RP. Workplace bullying in surgery. World 

J Surg. 2016; 40: 2560-2566. 
 
 
44. Lee RT, Brotheridge CM. Sex and position status differences in workplace aggression. J 

Manag Psychol. 2011; 26: 403-418. 
 
 
45. Dimou FM, Eckelbarger, Riall TS. Surgeon burnout: a systematic review. J Am Coll Surg. 

2016; 222: 1230-1239. 
 
 
46. Carter DF. Key issues in the persistence of underrepresented minority students. New Dir 

Inst Res. 2006; 130: 33-46. 
 
 
47. Sweitzer V. Towards a theory of doctoral student professional identity development: A 

developmental networks approach. J Higher Educ. 2009;80: 1-33. 
 
 
48. Markus H, Wurf E. The dynamic self-concept: A social psychological perspective. Annu 

Rev Psychol. 1987; 38: 299-337. 
 
 
49. Diperna JC, Elliott SN. Promoting academic enablers to improve student achiegement: 

Introduction to a miniseries. Sch Psychol Rev. 2002; 31: 293-297. 
 
 
50. Neumeister KLS, Rinker J. An emerging professional identity: Influences on the 

achievement of high-ability first generation college females. J Educ Gifted. 2006; 29: 306-
338. 

 
 
51. Hill EJR, Bowman KA, Stalmeijer RE, et al. Can I cut it? Medical students’ perceptions of 

surgeons and surgical careers. Am J Surg. 2014; 208: 860-867. 
 
 



 81 

52. McDermid F, Peters K, Jackson D, et al. Conducting qualitative research in the context of 
pre-existing peer and collegial relationships. Nurse Res. 2014; 21: 28-33. 

 
 
53. Vasquez-Tokos J. “If I can offer you some advice”: Rapport and data collection in 

interviews between adults of different ages. Symbolic Interaction. 2017; 40(4): 463-482. 
 
 
54. O’Brien LT, Blodorn A, Adams G, Garcia DM, Hammer E. Ethnic cariation in gender-

STEM stereotypes and STEM participation: An intersectional approach. Cultural Diversity 
and Ethnic Minority Psychology. 2015; 21(2): 169-180. 

 
 
55. Murphy B. AMA to aim for more diverse, better prepared physician workforce. 

https://www.ama-assn.org/education/medical-school-diversity/ama-aim-more-diverse-
better-prepared-physician-workforce. Published 2017. Accessed January 2020. 

 
 
56. AAMC. ACGME Residents and Fellows by Sex and Specialty, 2015. 

https://www.aamc.org/data/workforce/reports/458766/2-2-chart.html. Published 
September 2016. Accessed December 10, 2019. 

 
 
57. Agrawal S. Diversity and inclusion in surgery. http://www.aasurg.org/blog/diversity-

inclusion-in-surgery/. Published 2018. Accessed December 10, 2019. 
 
 
58. Ulloa JG, Viramontes O, Ryan G, Wells K, Maggard-Gibbons M, Moreno G. Perceptual 

and structural facilitators and barriers to becoming a surgeon: A qualitative study of 
African-American and Latino surgeons. Acad Med. 2018; 93(9): 1326-1334. 

 
 
59. Eagly AH, Karau SJ. Role congruity theory of prejudice toward female leaders. Psychol 

Rev. 2002; 109: 573-598. 
 
 
60. Stein SL. Scholarship in academic surgery: History, challenges, and ideas for the future. 

Clin Colon Rectal Surg. 2013; 26(4): 207-211. 
 
 
61. Bleier JIS, Kann B. Academic goals in surgery. Clin Colon Rectal Surg. 2013; 26(4): 212-

217. 
 
 



 82 

62. Mata H, Latham TP, Ransome Y. Benefits of professional organization membership and 
participation in national conferences: considerations for students and new professionals. 
Health Promot Pract. 2010; 11(4): 450-3. 

 
 
63. Aiken L. Attitudes and related psychosocial constructs: Theories, assessment, and 

research. SAGE; 2002. 
 
 
64. William TE, Satiani B, Thomas A, Ellison CE. The impending shortage and estimated cost 

of training the future surgical workforce. Ann Surg. 2009; 250: 590-597. 
 
 
65. Kass RB, Souba WW, Thorndyke LE. Challenges confronting female surgical leaders: 

overcoming the barriers. J Surg Res. 2006; 132(2): 179-87. 
 
 
66. Dougherty TW, Bluedorn AC, Keon TL. Precursors of employee turnover: A multi-sample 

causal analysis. Journal of Occupational Behavior. 1985; 6: 259-271. 
 
 
67. Porter L, S.R., Organizational work and personal factors in employee turnover and 

absenteeism. Psychological Bulletin, 1973. 80: p. 151-176. 
 
 
68. Tett RP, Meyer JP. Job satisfaction, organizational commitment, turnover, intent to 

turnover: A path analysis based on meta-analytic findings. Personnel Psychology. 1993; 
46: 259-293. 

 
 
69. Carsten JM, Spector PE. Unemployment, job satisfaction, and employee turnover: A meta-

analytic test of the Muchinsky model. Journal of Applied Psychology. 1987; 72: 374-381. 
 
 
70. Lee TW, Mowday RT. Voluntarily leaving an organization: An empirical investigation of 

Steers and Mowday’s model of turnover. Academy of Management Journal. 1987; 30:  721-
743. 

 
 
71. Berg P. The effects of high performance work practices on job satisfaction in the US steel 

industry. Relations Industrielles. 1999; 54: 111-134. 
 
 
72. Pierce JL, Rubenfeld SA, Morgan S. Employee ownership: A conceptual model of process 

and effects. Acad Manage Rev. 1991; 16: 121-144. 
 



 83 

 
73. Taylor D. Managing job satisfaction. Australian CPA. 1999; 69: 46-47. 
 
 
74. Herzberg F, Mausner B, Snyderman BB. The motivation to work. New York: John Wiley 

and Sons; 1959. 
 
 
75. Hoops H, Heston A, Dewey E, Spight D, Brasel K, Kiraly L. Resident autonomy in the 

operating room: Does gender matter? Am J Surg. 2019; 217(2): 301-305. 
 
 
76. Hoops HE, Haley C, Cook MR, Lopez O, Dewey E, Brasel KJ, Spight D, Kiraly LN. 

Factors influencing amount of guidance in the operating room during laparoscopic cases. 
Am J Surg. 2019; 217(5): 979-985. 

 
 
77. Hoops HE, Brasel K, Dewey E, Rodgers S, Merrill J, Hunter JG, Azarow KS. Analysis of 

gender-based differences in surgery faculty compensation, promotion, and retention: 
Establishing equity. Ann Surg. 2018; 268(3): 479-487. 

 
 
78. Thomas JP, Whitman DS, Viswesvaran C. Employee proactivity in organizations: A 

comparative meta-analysis of emergent proactive constructs. Journal of Occupational and 
Organizational Psychology. 2010; 83: 275-300. 

 
 
79. Schaufeli WB, Salanova M. "Enhancing work engagement through management of human 

resources" in The individual in the changing working life. Cambridge University Press; 
2008. page 80. 

 
 
80. Kuh GD, Kinzie J, Cruce T, Shoup R, Gonyea RM. Connecting the dots: Multi-faceted 

analyses of the relationships between student engagement results from the NSSE, and the 
institutional practices and conditions that foster student success. Indiana University Center 
for Postsecondary research; 2007. 

 
 
81. Nora A, Crisp G, Matthew C. A reconceptualization of CCSSE’s benchmarks of student 

engagement. The Review of Higher Education. 2011; 35(1): 105-130. 
 
 
82. Tinto V. Leaving College: Rethinking the Causes and Cures of Student Attrition. 2nd 

Edition ed. Chicago: University of Chicago Press; 1993. 
 
 



 84 

83. Hurtado S, Carter DF. The effects of college transition and perceptions of the campus racial 
climate on Latino college students’ sense of belonging. Sociology of Education. 1997; p. 
324-345. 

 
 
84. Museus SD. Delineating the ways that targeted support programs facilitate minority 

students’ access to social networks and development of social capital in college. 
Enrollment Management Journal. 2010; 4(3): 10-41. 

 
 
85. Rendon LI, Jalomo RE, Nora A. "Theoretical considerations in the study of minority 

student retention in higher education," in Reworking the student departure puzzle. J. 
Braxton, Editor. Vanderbilt University Press: Nashville, TN; 2000. p. 127-156. 

 
 
86. Goodenow C. Classroom belonging among early adolescent students: Relationships to 

motivation and achievement. Journal of Early Adolescence. 1993; 13: p. 21-43. 
 
 
87. Goodenow C, Grady KE. The relationship of school belonging and friends’ values to 

academic motivation among urban adolescent students. Journal of Experimental 
Education. 1993; 62: p. 60-71. 

 
 
88. Sanchez B, Colon Y, Esparza P. The role of sense of belonging and gender in the academic 

achievement of Latino Adolescents. Journal of Youth and Adolescence. 2005; 34: p. 619-
628. 

 
 
89. Juvonen J. Sense of belonging, social bonds, and school functioning, in Handbook of 

educational psychology. Alexander PA, Winne PH, Editors. Lawrence Erlbaum 
Associates: Mahwah, NJ; 2006, p. 655-674. 

 
 
90. Baumeister RF, DeWall CN, Ciarocco NJ, Twenge JM. Social exclusion impairs self-

regulation. Journal of Personality and Social Psychology. 2005; 88: p. 589-604. 
 
 
91. Rickwood RR, Roberts J, Batten S, Marchall A, Massie K. Empowering high-risk clients 

to attain a better quality of life: A career resiliency framework. Journal of Employment 
Counseling. 2004; 41(3): p. 98-104. 

 
 
92. Lifton RJ. The protean self: Human resilience in an age of transformation. New York: 

Basic Books; 1993. 



 85 

93. Werner EE. Risk, resilience, and recovery: Perspectives from the Kauai Longitudinal 
Study. Development and psychopathology. 1993; 5(4): 503-515. 

 
 
94. Diller JV. Cultural diversity: A primer for the human services. Belmont, CA: Wadsworth; 

1999. 
 
 
95. Martin P, Barnard A. The experience of women in male-dominated occupations: A 

constructivist grounded theory inquiry. SA Journal of Industrial Psychology. 2013; 39(2): 
1-12. 

 
 
96. Steele CM. A threat in the air: How stereotypes shape intellectual identity and performance. 

American Psychologist. 1997; 52(6): 613-629. 
 
 
97. Rosenthal L, London B, Levy SR, Lobel M. The roles of perceived identity compatibility 

and social support for women in a single-sex STEM program at a co-educational university. 
Sex Roles. 2011; 65: 725-736. 

 
 
98. Rosengart TK, Mason MC, LeMaire SA, Brandt ML, Coselli JS, Curley SA, Mattox KL, 

Mills JL, Sugarbaker DJ, Berger DA. The seven attributes of the academic surgeon: Critical 
aspects of the archetype and contributions to the surgical community. The American 
Journal of Surgery. 2017; 214(2): 165-179. 

 
 
99. Hutter MM, Kellogg KC, Ferguson CM, Abbott WM, Warshaw AL. The impact of the 80-

hour resident workweek on surgical residents and attending surgeons. Ann Surg. 2006; 
243(6): 864-875. 

 
 
100. Greenbaum A, Lawrence E, Auyang ED, Russell JC, Paul JS. The mandatory participation 

in a wellness program: The general surgery resident’s perceptive. JACS. 2017; 225(4):  
S178-S179. 

 
 
101. Munro PA. The development and evaluation of the employee environment diagnostic 

survey (EEDS). ProQuest Dissertations & Thesis Global: Business; 2001. 
 
 
102. Hirschi A, Freund PA, Herrmann A. The career engagement scale: development and 

validation of a measure of proactive career behaviors. Journal of Career Assessment. 2014; 
22(4): 575-594. 



 86 

103. Marks HM. Student engagement in instructional activity: patterns in the elementary, 
middle, and high school years. American Educational Research Journal. 2000; 37: 153-
184. 

 
 
104. Hagerty BMK, Patusky K. Developing a measure of sense of belonging. Nursing Research. 

1995; 44(1): 9-12. 
 
 
105. Smith JL, White PH. Development of the domain identification measure: A tool for 

investigating stereotype threat effects. Educational and Psychological Measurement. 2001; 
61(6): 1040-1057. 

 
 
106. Campbell-Sills L, Stein MB. Psychometric analysis and refinement of the Connor-

Davidson Resilience Scale (CD-RISC): Validation of a 10-item measure of resilience. 
Journal of Traumatic Stress. 2007; 20(6): 1019-1028. 

 
 
107. US Census Bureau. Race and Ethnicity. 

https://www.census.gov/mso/www/training/pdf/race-ethnicity-onepager.pdf. Published 
2010. Accessed December 31, 2019. 

 
 
108. Smith FJ. Index of organizational reactions (IOR). JSAS Catalog of Selected Documents in 

Psychology. 1976; 6(1): 1265. 
 
 
109. Cross D. The worker opinion survey: A measure of shop-floor satisfactions. Occupational 

Psychology. 1973; 47: 193-208. 
 
 
110. Kastenmeier AS, Redilich PN, Fihn C, Treat R, Chou R, Homel A, Lewis BD. Individual 

learning plans foster self-directed learning skills and contribute to improved educational 
outcomes in the surgery clerkship. Am J Surg. 2018; 1: 160-166. 

 
 
111. DaRosa DA. Promote Residents’ Responsibility for Their Own Learning. Resources in 

Surgical Education 2010: https://www.facs.org/education/division-of-
education/publications/rise/articles/rap-archive/promote-residents-responsibility-for-
their-own-learning. Published 2010. Accessed December 10, 2019. 

 
 
112. Gould S. Characteristics of career planners in upwardly mobile occupations. The Academy 

of Management Journal. 1979; 22(3): 539-550. 



 87 

113. Wolff H, Schenider-Rahm C, Forret ML. Adaptation of a German Multidimensional 
Networking Scale into English. European Journal of Psychological Assessment. 2011; 27 
(4): 244-250. 

 
 
114. De Vos A, De Cloppeleer I, Dewilde T. Proactive career behaviors and career success 

during the early career. Journal of Occupational and Organizational Psychology. 2009; 
82(4): 761-777. 

 
 
115. Creed PA, Fallon T, Hood M. The relationship between career adaptability, person and 

situation variables, and career concern in young adults. Journal of Vocational Behavior. 
2009; 74(2): 219-229. 

 
 
116. Judge TA, Kammeyer-Mueller JD. General and specific measures in organizational 

behavior research: Considerations, examples, and recommendations for researchers. 
Journal of Organizational Behavior. 2012; 33(2): 161-174. 

 
 
117. Super DE. A life-span, life-space approach to career development, in Career choice and 

development. Brown D, Brooks L, Editors. Jossey-Bass: San Francisco, CA; 1990, p. 197-
262. 

 
 
118. Kestenberg M, Kestenberg JS. The sense of belonging and altruism in children who 

survived the Holocaust. Psychoanalytic Review. 1988; 75(4): 533-560. 
 
 
119. Belyansky I, Martin TR, Prabhu AS, Tsirline VB, Howley LD, Phillips R, Sindram D, 

Heniford T, Stenfabidis D. Poor resident-attending intraoperative communication may 
compromise patient safety. Journal of Surgical Research. 2011; 171(2): 386-394. 

 
 
120. Keating C, Pomerantz J, Pommer SD, Ritt SJ, Miller LM, McCormick J. Going to college 

and unpacking hazing: A functional approach to decrypting initiation practices among 
undergraduates. Group Dynamics: Theory, Research, and Practice. 2005; 9(2): 104-126. 

 
 
121. Bartone PT, Ursano R, Wright K, Ingraham L. The impact of military air disaster on the 

health of assistance workers. J Nerv Mental Dis. 1989; 177: 317-328. 
 
 
122. Wagnild GM, Young HM. Development and psychometric validation of the Resilience 

Scale. J Nurs Meas. 1993; 1: 165-178. 



 88 

123. Hull JG, Van Treuren RR, Virnelli S. Hardiness and health: a critique and alternative 
approach. J Personality Soc Psychol. 1987; 53: 518-530. 

 
 
124. Kobasa SC. Stressful life events, personality, and health: an inquiry into hardiness. J 

Personality Soc Psychol. 1979; 37: 1-11. 
 
 
125. Mosack KE. The development and validation of the R-PLA: a resiliency measure for people 

living with HIV/AIDS (immune deficiency). Dissertation Abstract International: Section B: 
the Sciences and Engineering, 2002; 62: 3844. 

 
 
126. Maddi SR, Khoshaba DM. Hardiness and mental health. J Pers Assess. 1994; 63: 265-274. 
 
 
127. Aronson J, Lustina MJ, Good C, Keough K, Steele CM, Brown J. When white men can’t 

do math: Necessary and sufficient factors in stereotype threat. Journal of Experimental 
Social Psychology. 1999; 35: 29-46. 

 
 
128. Tavakol M, Dennick R. Making sense of Cronbach’s alpha. International Journal of 

Medical Education. 2011; 2: 53-55. 
 
 
129. Little RJA. Post-stratification: A modeler’s perspective. Journal of the Americal Statistical 

Association. 1993; 88(423): 1001-1012. 
 
 
130. Wong RL, Sullivan MC, Yeo HL, Roman SA, Bell RH Jr, Sosa JA. Race and surgical 

residency: Results from a national survey of 4339 US general surgery residents. Annals of 
Surgery. 2013; 257(4): 782-787. 

 
 
131. Grisso JA, Sammel MD, Rubenstein AH, Speck RM, Conant EF, Scott P, Tuton LW, 

Westring AF, Friedman S, Abbuhl SB. A randomized controlled trial to improve the 
success of women assistant professors. Journal of Women’s Health. 2017; 26: 571-579. 

 
 
132. Christenson SL, Reschly AL, Wylie C. Handbook of research on student engagement. New 

York, NY: Springer; 2012. 
 
 
133. Strayhorn TL. What’s belonging got to do with masculinity? 

https://www.naspa.org/blog/what-s-belonging-got-to-do-with-masculinity. Published 
2015. Accessed December 6, 2019. 



 89 

134. Willis O. ‘Traditional masculinity’ and mental health: Experts call for gendered 
approach to treatment. ABC Health; https://www.abc.net.au/news/health/2019-02-
05/mens-mental-health-masculinity-gendered-psychology-guidelines/10768294. 
Published 2019; Accessed December 10, 2019. 

 
 
135. Lewis KL, Stout JG, Finkelstein ND, Pollock SJ, Miyake A, Cohen GL, et al. Fitting in to 

move forward: using a belonging framework to understand gender disparities in persistence 
in the physical sciences, technology, engineering, and mathematics (pSTEM). Psychol 
Women Q. 2017; 41: 420-436. 

 
 
136. Good C, Rattan A, Dweck CS. Why do women opt out? Sense of belonging and women’s 

representation in mathematics. Journal of Personality and Social Psychology. 2012;  
102(4): 700-717. 

 
 
137. Banchefsky S, Lewis KL, Ito TA. The role of social and ability belonging in Men’s and 

Women’s pSTEM persistence. Front Psychol. 2019; 1-16. 
 
 
138. Lewis KL, Hodges SD. Expanding the concept of belonging in academic domains: 

development and validation of the ability uncertainty scale. Learn Individ Differ. 2015; 37: 
197-202. 

 
 
139. Reivich K, Shatte A. The resilience factor: 7 essential skills for overcoming life’s inevitable 

obstacles. Broadway Books; 2002. 
 
 
140. Watkins NL. Disarming microaggressions: How college students self-regulate racial 

stressors within predominantly white institutions. Columbia University: NY; 2012. 
 
 
141. Hemmings A. Conflicting images? Being black and a model high school student. 

Anthropology & Education Quarterly. 1996; 27 (1): 20-50. 
 
 
142. Konnikova, M. How people learn to become resilient. The New Yorker. 2016; 11. 
 
 
143. Sutlief MA. Burnout in the school social worker: Related individual and organizational 

factors. St. Catherine University; 2013. 
 
 



 90 

144. Chemers MM, Zurbruggen EL, Syed M, Goza BK, Bearman S. The role of efficacy and 
identity in science career commitment among underrepresented minority students. J Soc 
Issue. 2011; 67: 469-491. 

 
 
145. Berkman ET, Livingston JL, Kahn LE. Finding the ‘self’ in self-regulation: The identity-

value model. Psychological Inquiry. 2017; 28(2): 77-98. 
 
 
146. Schmader T, Hall WM. Stereotype theat in school and at work: Putting science into practce. 

Policy Insights from the Behavioral and Brain Sciences. 2014; 1(1): 30-37. 
 
 
147. Schmader T. Gender identification moderates stereotype threat effects on women’s math 

performance. Journal of Experimental Social Psychology. 2002; 38: 194-201. 
 
 
148. Steele CM, Aronson J. Stereotype threat and intellectual test performance of African 

Americans. Journal of Personality and Social Psychology. 1995; 69: 797-811. 
 
 
149. Pascual-Leone A, Singh T, Scoboria A. Using deception ethically: Practical research 

guidelines for researchers and reviewers. Canadian Psychology. 2010; 51(4): 241-248. 
 
 
150. Eccles JS, Wigfield A. Motivational beliefs, values, and goals. Annual Review of 

Psychology. 2002; 53: 109-132. 
 
 
151. Grantcharov TP, Bardram L, Funch-Jensen P, Rosenberg J. Impact of hand dominance, 

gender, and experience with computer games on performance in virtual reality laparoscopy. 
Surgical Endoscopy and Other Interventional Techniques. 2003; 17(7): 1082-1085. 

 
 
152. Ali A, Subhi Y, Ringsted C, Konge L. Gender differences in the acquisition of surgical 

skills: A systematic review. Surgical Endoscopy. 2015; 29(11): 3065-3073. 
 
 
153. Smith JL. Understanding the process of stereotype threat: A review of mediational 

variables and new performance goal directions. Educational Psychology Review. 2004; 
16(3): 177-206. 

 
 
154. Society of American Gastrointestinal and Endoscopic Surgeons. Fundamentals of 

Laparoscopic Surgery… The definitive laparoscopic skills enhancement and assessment 
module. https://www.flsprogram.org/. Published 2019. Accessed December 10, 2019. 



 91 

155. Derossis AM, Fried GM, Abrahamowicz M, Sigman HH, Barkun JS, Meakins JL. 
Development of a model for training and evaluation of laparoscopic skills. Am J Surg. 
1998; 175: 482-487. 

 
 
156. Fried GM, Feldman LS, Vassiliou MC, et al. Proving the value of simulation in 

laparoscopic surgery. Ann Surg. 2004; 240: 518-525. 
 
 
157. Soper NJ, Fried GM. The fundamentals of laparoscopic surgery: its time has come. Bull 

Am Coll Surg. 2008; 93: 30-32. 
 
 
158. Picho K, Brown SW. Can stereotype threat be measured? A validation of the Social Identity 

and Attitudes Scales (SIAS). Journal of Advanced Academics. 2011; 22(3): 374-411. 
 
 
159. Ritter EM, Lineberry M, Hashimoto DA, Gee D, Guzzetta AA, Scott DJ, Garner AK. 

Simulation-based mastery learning significantly reduces gender differences on the 
Fundamentals of Endoscopic Surgery performance exam. Surgical Endoscopy. 2018; 
32(12): 5006-5011. 

 
 
160. American Board of Surgery. Flexible Endoscopy Curriculum for General Surgery 

Residents. http://absurgery.org/xfer/abs-fec.pdf. Published 2014. Accessed December 31, 
2019. 

 
 
161. Antoniou SA, Antoniou GA, Koutras C, Antoniou AI. Endoscopy and laparoscopy: a 

historical aspect of medical terminology. Surg Endosc. 2012; 26(12): 3650-4. 
 
 
162. Nezhat C. Operative endoscopy will replace almost all open procedures. Journal of the 

Society of Laparoendoscopic Surgeons. 2004; 8(2): 101-102. 
 
 
163. American Board of Surgery. A new national curriculum in endoscopy to be required of all 

general surgery trainees. http://absurgery.org/default.jsp?news_fec. Published 2014. 
Accessed December 31, 2019. 

 
 
164. Brown RP, Pinel EC. Stigma on my mind: Individual differences in the experience of 

stereotype threat. Journal of Experimental Social Psychology. 2003; 39: 626-633. 
 
 



 92 

165. Johnson HJ, Bernard-Brak L, Saxon TF, Johnson MK. An experimental study of the effects 
of stereotype threat and stereotype lift on Men and Women’s performance in mathematics. 
The Journal of Experimental Education. 2012; 80(2): 137-149. 

 
 
166. Walton G, Cohen G. Stereotype lift. Journal of Experimental Social Psychology. 2003; 39: 

456-467. 
 
 
167. Kossek EE, Perrigino MB. Resilience: A review using a grounded integrated occupational 

approach. The academy of Management Annals. 2016; 10(1): 729-797. 
 
 
168. Morales EE. The resilient mind: The psychology of academic achievement. The 

Educational Forum. 2008; 72(2): 152-167. 
 
 
169. Bednyska S, Kreitz I, Sedek G. Chronic stereotype threat is associated with mathematical 

achievement on representative sample of secondary schoolgirls: The role of gender 
identification, working memory, and intellectual helplessness. Front Psychol. 2018; 9: 
428-461. 

 
 
170. Wood SK, Bhatnagar S. Resilience to the effects of social stress: Evidence from clinical 

and preclinical studies on the role of coping strategies. Neurobiology of Stress. 2015; 1:  
164-173. 

 
 
171. Keller J. Stereotype threat in classroom settings: The interactive effect of domain 

identification, task difficulty and stereotype threat on female students’ math performance. 
Journal of Educational Psychology. 2010; 77(2): 323-338. 

 
 
172. Stone J, Lynch CI, Sjomeling M, Darley JM. Stereotype threat effects on Black and White 

athletic performance. Journal of Personality and Social Psychology. 1999; 77: 1213-1227. 
 
 
173. von Hippel W, von Hippel C, Conway L, Preacher KJ, Schooler JW, Radvansky GA. 

Coping with stereotype threat: Denial as an impression management strategy. Journal of 
Personality and Social Psychology. 2005; 89: 22-35. 

 
 
174. Torgerson DJ. Contamination in trials: is cluster randomization the answer? BMJ. 2001; 

322 (7282): 355-357. 
 
 



 93 

175. Walton GM, Murphy MC, Ryan AM. Stereotype threat in organizations: Implications for 
equity and performance. Annu Rev Psychol Organ Behav. 2015; 2: 523-50. 

 
 
176. Phillips, K. How Diversity Works. Scientific American. 2014; 42-47. 
 
 
177. Silver JK, Bean AC, Slocum C, Poorman JA, Tenforde A, Blauwet CA, Kirch RA, Parekh 

R, Amonoo HL, Zafonte R, Osterbur D. Physician workforce disparities and patient care: 
A narrative review. Health Equity. 2019; 3(1): 360-377. 

 
 
178. Stolle-McAllister K, Sto Domingo MR, Carrillo A. The Meyerhoff way: How the 

Meyerhoff scholarship program helps black students succeed in the sciences. J Sci Educ 
Technol. 2011; 20(1): 5-16. 

 
 
179. Winkleby MA, Ned J, Ahn D, Koehler A, Kennedy J. Increasing diversity in science and 

health professions: A 20-year longitudinal case report documenting college and career 
success. J Sci Educ Technol. 2009; 18: 535-545. 

 
 
180. Valantine HA, Collins FS. National Institutes of Health addresses the science of diversity. 

PNAS. 2015; 112(40): 12240-12242. 
 
 
181. Dossa F, Baxter NN. Reducing gender bias in surgery. Br J Surg. 2018; 105(13): 1707-

1709. 
 
 
182. Byerley JS. Mentoring in the era of #MeToo. JAMA. 2018; 319: 1199-1200. 
 
 
183. Kawakami K, Phills CE, Greenwald AG, Simard D, Pintiero J, et al. In perfect harmony: 

Synchronizing the self to activated social categories. Journal of Personality and Social 
Psychology. 2012; 102(3): 562-575. 

 
 
184. Smith JL. The stereotyped task engagement process: Understanding females’ motivation 

for and performance in computer science, in Department of Psychology. University of 
Utah; 2002. 

 
 
185. Connell JP, Wellborn JG. Competence, autonomy, and relatedness: a motivational analysis 

of self-system processes, in Self-processes and development: Minnesota symposium on 



 94 

child psychology. Gunnar MR, Sroufe LA, Editors. University of Chicago Press: Chicago; 
1991. 

 
 
186. Fredericks JA, McColksey W. "The measurement of student engagement: A comparative 

analysis of various methods and student self-report instruments," in Handbook of research 
on student engagement, Christenson SL, Reschly AL, Wylie C, Editors. Springer: New 
York, NY. 763-782. 

 
 
187. Shapiro JR, Williams AM. The role of stereotype threats in undermining girls’ and 

women’s performance and interest in STEM fields. Sex Roles. 2012; 66(3-4): 175-183. 
 
 
188. Stroka G, Feldman LS, Vassiliou MC, Kaneva PA, Fayez R, Fried GM. Fundamentals of 

laparoscopic surgery simulator training to proficiency improves laparoscopic performance 
in the operating room- a randomized controlled trial. Am J Surg. 2010; 199(1): 115-20. 

 
 
189. Wallis CJ, Ravi B, Coburn N, Name RK, Detsky AS, Satkunasivam R. Comparison of 

postoperative outcomes among patients treated by male and female surgeons: A population 
based matched cohort study. BMJ. 2017; 359: j4366. 

 
 
190. Davydov DM, Stewart R, Ritchie K, Chaudiey I. Resilience and mental health. Clin 

Psychol Rev. 2010; 30: 479-495. 
 
 
191. Bekki JM, Smith ML, Bernstein BL, Harrison C. Effects of an online personal resilience 

training program for women in STEM doctoral programs. Journal of Women and 
Minorities in Science and Engineering. 19(1): 17-35. 

 
 
192. Charleston L, Adserias R, Lang N, Jackson J. Intersectionality and STEM: The role of race 

and gender in academic pursuits of African American women in STEM. Journal of 
Progressive Policy & Practice. 2014; 2(3): 273-293. 

 


	Title Page
	Committee Membership Page
	Abstract
	Table of Contents
	List of Tables
	List of Figures
	Preface
	1.0 Introduction
	2.0 A qualitative study of gender differences in the experiences of general surgery trainees
	2.1 Introduction
	2.2 Methods
	Table 1: Interview instrument
	2.2.1 Procedure
	2.2.2 Qualitative data coding
	2.2.3 Data analysis

	2.3 Results
	Table 2: Participant demographics
	2.3.1 Regard for professional titles
	Table 3: Regard for professional titles

	2.3.2 Perceptions, attitudes, and gender-based disadvantages
	Table 4: Perceptions, attitudes, and gender-based disadvantages

	2.3.3 Female perceptions of self-worth
	Table 5: Explicit comments that indicate how women view themselves as professionals


	2.4 Discussion
	2.4.1 Limitations
	2.4.2 Conclusion


	3.0 Gender bias and career engagement among surgical residents
	3.1 Introduction
	Figure 1: Paradigm delineating association between environmental factors and engagement
	3.1.1 Gender bias as an environmental stimulus
	3.1.2 Career engagement as a predictor of professional success
	3.1.3 Sense of belonging
	3.1.4 Resilience
	3.1.5 Domain identification
	3.1.6 Study objectives

	3.2 Methods
	3.2.1 Study setting and design
	Figure 2: Flowchart detailing participant selection

	3.2.2 Subjects
	3.2.3 Survey instrument
	Figure 3: Study timeline
	3.2.3.1 Perception of gender bias in the environment
	3.2.3.2 Career engagement
	3.2.3.3 Sense of belonging
	3.2.3.4 Resilience
	3.2.3.5 Domain identification

	3.2.4 Outcomes and statistical analysis
	3.2.4.1 Exploratory analyses
	Figure 4: Exploratory analyses evaluating moderated mediation



	3.3 Results
	Table 6: Participant demographics
	Table 7: Survey responses
	Figure 5: Association between perception of gender bias and career engagement differs across gender
	3.3.1 Exploratory analyses
	Figure 6: Association of perception of pro-male gender bias and career engagement as mediated by sense ofbelonging for women (panel A) and men (panel B)
	Figure 7: Association of perception of pro-male gender bias and career engagement as mediated by resiliencefor women (panel A) and men (panel B)
	Figure 8: Association of perception of pro-male gender bias and career engagement as mediated by domainidentification for women (panel A) and men (panel B)



	3.4 Discussion
	3.4.1 Limitations
	3.4.2 Conclusion


	4.0 The effect of stereotype threat on skill performance of surgical residents
	4.1 Introduction
	4.2 Methods
	4.2.1 Study setting and design
	Figure 9: Study design

	4.2.2 Study instruments and interventions
	4.2.2.1 Susceptibility to stereotype threat

	4.2.3 Outcomes and statistical analysis
	4.2.3.1 Post-hoc and exploratory analyses


	4.3 Results
	4.3.1 Primary outcomes
	Figure 10: Fundamentals of Laparoscopic Surgery scores for residents by gender and intervention arm

	4.3.2 Post-hoc and exploratory analyses
	Table 8: Survey response data
	Figure 11: Gender based differences in Fundamentals of Laparoscopic Surgery score as susceptibility tostereotype threat varies
	Figure 12: Association of Intervention Group A and Fundamentals of Laparoscopic Surgery (FLS) as mediatedby sense of belonging for women (panel A) and men (panel B)
	Figure 13: Association of Intervention Group A and Fundamentals of Laparoscopic Surgery (FLS) as mediatedby resilience for women (panel A) and men (panel B)
	Figure 14: Association of Intervention Group A and Fundamentals of Laparoscopic Surgery (FLS) as mediatedby domain identification for women (panel A) and men (panel B)


	4.4 Discussion
	4.4.1 Limitations
	4.4.2 Conclusion


	5.0 Conclusion
	Appendix A Survey questions
	Appendix B Intervention A Abstracts
	Appendix C Intervention B Abstracts
	Bibliography



