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ARTICLE INFO ABSTRACT

Keywords: Peer tutoring in STEM has risen in popularity in the past several years and has been proposed as one method of
Peer tutoring reducing gender disparities in STEM outcomes. Yet, the ways in which students and peer tutors engage with each
Gender other remain largely unexplored. In this study, we employed a multi-method approach to investigate whether
;??:iive affect students’ and tutors’ engagement behaviors and affective experiences during peer tutoring interactions in STEM
Engagement fields differed by gender. Sixty unacquainted undergraduate college students formed student-tutor pairs and

participated in videotaped thirty-minute tutoring sessions in the lab, all of which covered STEM topics (Biology,
Chemistry, Computer Science, Economics, Mathematics, and Physics). We found no consistent gender differences
across three measures of behavioral engagement: men and women talked for a similar amount of time, they did
not differ in four of five types of questions asked (i.e., “clarification” and “knowledge” questions for tutors, and
“feedback” and “more information” questions for students), and they were perceived as equally engaged by
outside coders. One behavioral difference emerged: men students asked more “repeat” questions than women
students. In contrast, consistent gender differences across four measures of affective experiences were found:
women reported more anxiety and less confidence relative to men, they were perceived as less confident by
outside coders relative to men, and women tutors evaluated their own performance less positively than men
tutors. These findings suggest that despite being similarly engaged as men in peer tutoring interactions, women
face psychological barriers in this context that may inhibit them from pursuing advanced degrees or careers in
STEM.

Social interaction

1. Introduction

In recent years, peer tutoring has become an increasingly popular
strategy for improving students’ performance in Science, Technology,
Engineering, and Mathematics (STEM) fields (Batz, Olsen, Dumont,
Dastoor, & Smith, 2015). During peer tutoring, a novice student works
with a more advanced or experienced student, who teaches or reviews
material that the student is trying to learn for a particular course or exam
(e.g., medical school exams; Mynard & Almarzouqi, 2006). Across the
United States, peer tutoring programs in STEM are now offered at many
universities, with schools often relying on peer tutoring as a primary
method for helping students who are struggling to learn course material
(Academic Advising and Support at Caltech, n.d.; Academic Resource
Center at Harvard University, n.d.). Peer tutoring programs also allow
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STEM students to network with each other, which can prevent STEM
dropout, especially for students from underrepresented backgrounds
who may have relatively few academic connections (Mishra, 2020).
Despite the growing popularity of peer tutoring in higher education,
very little attention has been paid to the behavioral and psychological
processes that occur during peer tutoring sessions themselves. We pro-
pose that gaining a better understanding of these processes—as they
occur naturally in real peer tutoring interactions—is an important step
in understanding the long-term impacts of peer tutoring. For example,
although peer tutoring has been proposed as a potential method for
retaining women students in STEM, its ability to do so remains to be seen
(Dagley, Georgiopoulos, Reece, & Young, 2016; Good, Halpin, & Halpin,
2000; Savaria & Monteiro, 2017). In addition, although many studies
have tried to assess the effectiveness of peer tutoring in improving
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performance, the results have thus far been mixed (Alegre, Moliner,
Maroto, & Lorenzo-Valentin, 2020; Batz et al., 2015; Lee, Kim, & Yoon,
2004; Suryadarma, Suryahadi, Sumarto, & Rogers, 2006; Thomas,
Bonner, Everson, & Somers, 2015; Zhang, 2013). We propose that, to
start, scholars should focus on the interpersonal dynamics that unfold
during tutoring interactions, as these processes may impact longer-term
outcomes, such as performance.

Here, we focus on how one characteristic that has well-established
disparities in STEM—gender—shapes how students and tutors experi-
ence peer tutoring sessions. At the undergraduate level, gender dispar-
ities in many STEM fields continue to exist. For example, in computer
science and engineering, approximately 20% of Bachelor’s degrees are
awarded to women, and, across STEM fields overall, women students
consistently report more anxiety and less confidence than men students
report (Bloodhart, Balgopal, Casper, Sample McMeeking, & Fischer,
2020; National Science Foundation, National Center for Science and
Engineering Statistics (2019), 2019; Schuster & Martiny, 2017; Shapiro
& Williams, 2012; Van Veelen, Derks, & Endedijk, 2019). Even in un-
dergraduate STEM fields where women are not underrepresented, such
as biology and chemistry (American Physical Society. (2018), 2018), the
proportion of women decreases at more advanced levels. For example, in
the United States, a similar number of men and women students grad-
uate with Bachelor degrees in chemistry, but men earn more Masters’
(55% vs. 45%) and doctoral degrees (61% vs. 39%) and hold more
tenure-track positions (82% vs. 18%) relative to women (McMunn,
2017; National Center for Education Statistics. (2018), 2018). Even
STEM fields that have typically been less math-intensive, such as psy-
chology, now require high levels of quantitative skills (Connolly, 2020).
Given the stereotype that men are better at quantitative work, this shift
in focus may begin to discourage women from pursuing advanced de-
grees and careers in these fields as well (Morrissey, Hallett, Bakhtiar, &
Fitzpatrick, 2019; Passolunghi, Ferreira, & Tomasetto, 2014).

In this study, we focus on understanding the role of gender in two
processes related to tutoring that are critical for learning and long-term
persistence in STEM: people’s behavioral engagement in tutoring ses-
sions and their affective experiences following them. We test the ques-
tion: Do men and women differ in how engaged they are in peer tutoring
sessions - that is, in the amount of time they spend talking, the number
and types of questions they ask, and the extent to which they appear
engaged to outside observers? We further test whether men and women
differ in their affective experiences—that is, do they differ in the extent
to which they experience anxiety, confidence, and, for tutors, positively
evaluate their own teaching performance? To test these questions, we
had tutors and students engage in peer tutoring sessions, during which
we measured the behaviors of both partners over the course of the ses-
sions and their feelings about the session at its conclusion. We propose
that gender may shape engagement and affective experiences during
peer tutoring sessions—for both tutors and students—and we elaborate
on these ideas in the following sections.

2. Conceptual framework for gender-based differences in
behavioral engagement and affective experiences

Students’ behavioral engagement with learning is a consistent pre-
dictor of remaining in school and remaining in a particular field
(Archambault & Dupéré, 2017; Ekstrom, Goertz, Pollack, & Rock, 1986;
Rumberger & Rotermund, 2012; Wang & Fredricks, 2014). Behavioral
engagement is typically considered to have three primary components:
participation in learning environments, like classrooms and office hours;
positive conduct (complying with school rules and completing home-
work on time; Fredricks, Blumenfeld, & Paris, 2004); and engagement in
extracurricular activities, such as involvement in student government
(Blumenfeld, Modell, Bartko, Secada, Fredricks et al., 2005; Fredricks,
Blumenfeld, & Paris, 2004). Although other types of engagement exist
(e.g., emotional and cognitive; Fredricks, Blumenfeld, & Paris, 2004;
Blumenfeld et al., 2005), here, we study behavioral engagement given
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its close ties to long-term academic persistence (Finn, 1989; Li & Lerner,
2013). We focus specifically on participation in learning environments
given its relevance to dyadic learning (Precourt & Gainor, 2019). Spe-
cifically, we measure the amount of time spent talking, the number and
types of questions asked, and the extent to which participants were seen
as engaged by outside observers.

In other STEM learning environments, gender-based differences in
behavioral engagement are well-documented-typically in the direction
of men appearing more engaged. For example, men students speak more,
ask more questions, and are less likely to be interrupted than women
students are (Aguillon et al., 2020; Carter, Croft, Lukas, & Sandstrom,
2018; Crombie, Pyke, Silverthorn, Jones, & Piccinin, 2003; Daly, Kre-
iser, & Roghaar, 1994; Eddy, Brownell, & Wenderoth, 2014; Sankar,
Gilmartin, & Sobel, 2015). In a recent paper, Lee and Mccabe (2021)
observed over ninety-five hours of college classroom interactions and
found that men spent 1.6 times more time talking in class, compared to
women. Furthermore, men students’ increased talking time was often a
result of asking clarifying questions and carrying on debates with pro-
fessors (Lee & Mccabe, 2021). This kind of engagement is very important
in the classroom for its ability to reinforce existing gender hierarchies.
Speaking up, and consequently, the amount of time spent talking, is
associated with confidence in the field (Anderson & Kilduff, 2009;
Berger, Cohen, & Zelditch, 1972), which is in turn associated with
higher status. For women, domination of the “sonic space” (Lee &
Mccabe, 2021) by men students not only makes it harder for them to
participate, but may also reinforce the idea that they do not belong in the
classroom (Cheryan, Plaut, Davies, & Steele, 2009). This may especially
be the case in STEM classrooms, where women have pre-existing beliefs
about their lack of belongingness (Cheryan et al., 2009; Leaper, 2015;
Rainey, Dancy, Mickelson, Stearns, & Moller, 2018).

Gender differences in affective experiences in the classroom are also
well-documented: women tend to feel less efficacious, less confident,
and more anxious than men (math, Devine, Fawcett, Sziics, & Dowker,
2012; Else-Quest, Hyde, & Linn, 2010; Voyer, Voyer, & D., 2014; engi-
neering, Cech, Rubineau, Silbey, & Seron, 2011; biology, Pelch, 2018;
engineering and computer science, Sterling et al., 2020). When experi-
enced repeatedly over time, these feelings contribute to intentions to
drop out of STEM (Finn, 1989; Hascher & Hagenauer, 2010; Korper-
shoek, Canrinus, Fokkens-Bruinsma, & de Boer, 2020; Suhlmann, Sas-
senberg, Nagengast, & Trautwein, 2018; Vera et al., 2016). Critically,
differences in affect between men and women emerge even in the
absence of behavioral differences: women perceive themselves as per-
forming worse than men, even when they perform equally well
(Cheryan, Siy, Vichayapai, Drury, & Kim, 2011; Jakobsson, 2012). Thus,
in this paper, we examine the extent to which students and peer-tutors
experience anxiety, stress, and confidence during the tutoring session.
We note that the term “emotional engagement” is often used in this
context, but because we are only capturing a subset of components
relevant to emotional engagement (others include identification with
school and valuing school-related outcomes; Fredricks et al., 2004), we
refer to these self-reported measures of anxiety, stress, and confidence
(reverse-scored), as “negative affective experiences.”.

The present study is the first to our knowledge to provide a snapshot
of behavioral engagement and affective experiences in naturally
unfolding peer-tutoring interactions across a variety of collegiate STEM
courses. We propose several processes that might create gender-based
differences in engagement and affect in this context (described below).
Although we do not directly test these mechanisms in the present study,
we theorize that, if gender differences do emerge in peer-tutoring ses-
sions, these processes could be largely responsible.

3. Potential mechanisms for gender-based differences in peer
tutoring

The “gender-STEM” stereotype—the stereotype that men are more
competent in STEM fields than women are—underlies many of the
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documented gender differences reviewed here, and is thought to be
active in nearly all STEM contexts (Dasgupta & Stout, 2014; Greider
etal., 2019; Oswald, 2008; Schuster & Martiny, 2017; Spencer, Steele, &
Quinn, 1999), potentially including peer tutoring. This stereotype can
lead to two gender-based expectations: One, that women will perform
worse than men, which can inhibit women’s engagement with the field
and lead to negative affective experiences, especially when women fear
confirming the stereotype (Bedynska & Zoierczyk-Zreda, 2015;
Cadinu, Maass, Rosabianca, & Kiesner, 2005; Casad, Petzel, & Ingalls,
2019; Johns, Inzlicht, & Schmader, 2008; Schmitt, Branscombe, &
Postmes, 2003; Schuster & Martiny, 2017). Two, that women do not
belong in STEM learning environments (Deiglmayr, Stern, & Schubert,
2019; Lewis et al., 2017; Master & Meltzoff, 2020). Belonging is defined
as the ability to form and maintain positive and lasting interpersonal
relationships with others (Baumeister & Leary, 1995). In STEM class-
rooms, this expectation that women do not belong can be communicated
by instructors either explicitly (e.g. by telling women that they would be
more successful in other, non-STEM careers) or implicitly (e.g., by only
calling on men students when they raise their hands), leading women to
internalize this expectation and participate less in STEM classrooms
(Gansen, 2019; Good, Sterzinger, & Lavigne, 2018; Urhahne, 2015).
Low feelings of belongingness can manifest behaviorally (e.g. women
being less assertive than men because they are less comfortable, and in
turn not seeking out help when needed; Korpershoek et al., 2020; Wilson
et al., 2015) and psychologically (e.g. women feeling less confident than
men; Korpershoek et al., 2020; Wilson et al., 2015). Thus, for women,
feeling like they do not belong as much as men may also lead to gender
differences in behavioral engagement and negative affect in STEM peer
tutoring. Given that gender-based expectations have been documented
in multiple STEM contexts, it is certainly possible that consistent pat-
terns of gender differences will also emerge in peer tutoring, with men
appearing more engaged and reporting more positive affect than
women.

However, it is also important to note that certain contextual features
of tutoring environments may prevent gender-based differences in
engagement and affect from emerging during tutoring sessions. We
propose three of these contextual features here: numerical representa-
tion, greater focus on learning vs. performance, and interaction with a
similar-status peer.

First, given that one-on-one peer tutoring involves dyadic in-
teractions, women cannot be underrepresented numerically, which may
help to lessen the activation of the gender-STEM stereotype. Indeed,
women’s numeric underrepresentation in STEM classrooms is thought to
activate the gender-based stereotype, and in turn lead to gender dis-
parities in engagement (Ballen et al., 2019; Murphy, Steele, & Gross,
2007; Sekaquaptewa & Thompson, 2003; Van Veelen et al., 2019). For
example, one study found that women were more likely to ask clarifi-
cation questions from the instructor when the class was predominantly
(80%) women (Lee & Mccabe, 2021). Furthermore, when men and
women are equally represented, they tend to feel similarly in terms of
their identification with STEM (Niler et al., 2020). In STEM contexts,
women students are also less likely to experience negative affect and less
likely to feel insecure when they are part of smaller classrooms (i.e.
under 15 students) compared to larger classrooms, where the numeric
underrepresentation of women can be more extreme (Wegner, Strehlke,
Weber ClaasWegner, & Weber, 2014). Thus, even if women are paired
with men in peer-tutoring sessions, the gender-STEM stereotype may be
less salient simply by virtue of having no other students in the room, and
thus have a weaker impact on their engagement and affective experi-
ences, compared to the classroom context where women are numerically
underrepresented.

Second, in peer tutoring environments, the most salient goal is
learning-to get better at the topic, not necessarily to perform well (in
fact, performance is rarely evaluated; Chi, Siler, Jeong, Yamauchi, &
Hausmann, 2001; Cohen, Kulik, & Kulik, 1982). Other STEM learning
environments often involve performing under evaluative conditions (e.
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g., test-taking in the classroom)—which can activate the gender ste-
reotype (Appel & Kronberger, 2012; Duke, Krishnan, Faith, & Storch,
2006; Maresh, Teachman, & Coan, 2017; Spencer et al., 1999). When
people focus on learning (as opposed to performance) goals, they may
also be less concerned about confirming negative performance stereo-
types (Park, Schmidt, Scheu, and DeShon, 2007). Thus, for women, the
learning goals present in peer tutoring may reduce concerns about
confirming the gender-STEM stereotype relative to other STEM learning
environments, weakening the likelihood that gender-based differences
in behavior and affect will emerge.

Third, in peer tutoring, students are in the presence of peers, rather
than higher-status experts. Many studies demonstrating gender differ-
ences in STEM outcomes involve the presence of high-status experts,
such as more senior evaluators or teachers, who have control over the
students’ educational outcomes (e.g. Beasley & Fischer, 2012; Moss-
Racusin, Dovidio, Brescoll, Graham, & Handelsman, 2012; Pomerantz,
Altermatt, & Saxon, 2002; Wegner et al., 2014). It remains to be seen
whether learning from a peer, who is closer in status to students, and
who, at least in this context, does not have power over students (they do
not control students’ outcomes, like grades, Colvin, 2007) weakens
gender-based differences in the outcomes we plan to measure.

In sum, these three contextual features in peer tutoring environ-
ments—in contrast to other STEM learning environments—may result in
similar engagement and affect for women relative to men.

4. Role of student vs. tutor

Lastly, a final goal of this research is to test whether gender differ-
ences in behavioral engagement and affect (e.g., anxiety and confidence
regarding STEM) emerge for both students and tutors. Undergraduate
students who are most likely to request peer tutoring in STEM are
typically in the first two years of college, completing coursework for
large introductory courses (i.e. “gatekeeper” courses; Dempsey, 2016).
These students are often the focus of gender research in STEM, partic-
ularly in studies that have shown gender differences in engagement and
affect in the classroom (e.g. Banchefsky, Lewis, & Ito, 2019; Eddy et al.,
2014).

In contrast, less research has examined the factors that contribute to
STEM dropout for women who are more advanced in the major. Students
who work as peer tutors have not only performed well in STEM classes,
but also, are much closer (relative to students, on average) to completing
STEM majors. Such students have made it past the point at which they
are most likely to drop out of STEM fields—that is, past the “gatekeeper”
courses that constitute strong barriers to pursuing a major in STEM and
which women are more likely to drop out of than men (Crisp, Nora, &
Taggart, 2009; Dempsey, 2016). If gender-based differences emerge
among tutors, there could be implications for gender disparities at
higher levels in STEM. For example, peer tutors who leave the interac-
tion feeling like they performed poorly may be less likely to pursue
STEM further (e.g. to attend graduate school or take on a leadership role
in a STEM industry position). Thus, studying how tutors feel with regard
to their tutoring experiences and how engaged they are may provide
important insights into how working as a tutor contributes to gender
differences in STEM education and occupations.

5. Research overview

The current study investigates differences in behavioral engagement
and affective experiences of men and women in STEM peer tutoring
sessions. In sixty videotaped peer tutoring interactions (N = 113),
college students conducted thirty minute free-form tutoring sessions in

1 Note that the total number of participants is odd because two tutors
participated in the study on two occasions, with different students, and one
student also participated as a tutor in a different topic.
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various STEM subjects (see Table 1 in the Supplementary Material).
These tutoring sessions were explicitly focused on students learning
course material. As such, they differ from “peer mentoring” programs,
which also involve connecting with peers in the field but instead focus
on developing positive academic attitudes in and outside of the learning
environment, rather than on learning (Kowalewski, Massen, & Mullins,
2010).

5.1. Measures of behavioral engagement

To examine participants’ behavioral engagement, we measured the
amount of time they spent talking, the frequency with which they asked
different types of questions, and the extent to which they appeared
engaged in the tutoring sessions (as rated by outside observers). Talk
time is an overt marker of engagement in educational settings; it is
critical for learning during peer tutoring because it can help students
communicate what is unclear to them (Fritschner, 2000; Graesser &
Person, 1994; Tanner, 2009) and can help tutors determine what con-
cepts students need covered (Gasiewski, Eagan, Garcia, Hurtado, &
Chang, 2012). In this study, we measured the ratio of one person’s
talking time relative to the total amount of time that the dyad spent
talking (Hagiwara et al., 2013; Schoenthaler, Basile, West, & Kalet,
2018). This is a common approach used when studying talking time in
dyadic interactions because it adjusts for dyad-level variation in talking
time (because some dyads might be more talkative than others) by
standardizing the amount of time that one participant spends talking by
the total amount of speaking time in the interaction.

Question asking is also an overt marker of engagement; it is a direct
way to ask for help and facilitate learning (Dillon, 1982; Karabenick &
Dembo, 2011). For example, question asking is positively associated
with reading comprehension in science topics and better final grades in
science courses (Cano, Garcia, Berbén, & Justicia, 2014). Here, we
investigated the types of questions that we reasoned were most likely to
signal engagement in the tutoring session, adapting taxonomies that
have been used in previous studies (Hawkins & Power, 1999; Pearson &
West, 1991). For students, we measured questions that asked for more
information from the tutor (“more information” questions), questions
that asked for feedback from the tutor (“feedback” questions), and
questions that had been asked before (“repeat” questions). For tutors, we
examined the number of questions that were meant to clarify what the
student needed (“clarification” questions) and questions that were
meant to test the student’s knowledge or understanding (“knowledge”
questions). These categories of questions accounted for over 80% of all
questions asked.

Lastly, coders rated participants’ overall levels of engagement. We
provided coders with specific examples of behavioral engagement,
including being attentive and making eye contact. As is the case with
confidence, appearing engaged is important for women’s interactions in
STEM because it can determine how they are treated by others. For
instance, students who show engagement receive more support from
instructors, which can affect performance and persistence in STEM
(Simon, Aulls, Dedic, Hubbard, & Hall, 2015; Skinner & Belmont, 1993).

5.2. Measures of affect

We examine students’ and tutors’ self-reported confidence and
anxiety after their tutoring sessions given that these affective states are
associated with persistence and retention in STEM (Banchefsky, Lewis,
& Tto, 2019; Chipman, Krantz, & Silver, 1992; Schuster & Martiny, 2017;
Tellhed, Backstrom, & Bjorklund, 2017). We also examine confidence
through external coders’ ratings of participants during the session to test
the possibility that affective experiences of confidence “leak” out
behaviorally and are picked up on by others. Being seen as confident has
direct implications for doing well in STEM fields, given that people who
are perceived as confident by others are more likely to influence group
decision-making and to be promoted (Anderson & Kilduff, 2009;
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Guillén, Mayo, & Karelaia, 2018). Lastly, we examine tutors’ evaluations
of their own performance at the end of the session, given that perceived
performance is a strong predictor of whether women persist in STEM
education (Bench, Lench, Liew, Miner, & Flores, 2015; Cheryan et al.,
2011). We did not measure students’ perceived performance given that
performing well on the material was not the goal of the session for
students, but performing well as a tutor (i.e., improving students’ un-
derstanding) was a goal for tutors.

Lastly, to ensure that none of the potential gender differences in
behavioral engagement or affect were due to pre-existing differences in
academic achievement (i.e. GPA) or identification with STEM fields (i.e.
responses to a field identification scale adapted from Crocker, Luhtanen,
Cooper, & Bouvrette, 2003) between men and women, we also collected
data on and analyzed gender differences for these variables.

To our knowledge, this study is one of the first to take a multimethod
approach to studying students’ and tutors’ behaviors with each other in
STEM tutoring sessions. We consider this study to be multi-methods
because it uses self-report and observational measures (behavioral
coding) to obtain a broader view of behavioral engagement and negative
affect in tutoring sessions (Hunter & Brewer, 2015; Gajda, Beghetto, &
Karwowski, 2017). By studying how gender influences engagement and
affective experiences, we aim to better understand the potential of peer
tutoring to influence performance and retention in STEM for both stu-
dents and tutors.

6. Method

Additional methodological details and results are provided in the
Supplementary Material (SM); study materials, data, and analysis syntax
are available at https://osf.io/ygz2d.

6.1. Participants

We recruited 60 student-tutor dyads from New York University’s
campus. Research assistants posted flyers around campus and sent
emails to STEM classes within the university informing students about
the possibility of participating in the study as either tutors or students in
their subject of choice. We asked interested people to complete a
screening survey in which they indicated whether they wanted to
participate as a student or a tutor. If participating as a student, we asked
what subject they needed help with. To participate in the study, the
tutoring session needed to be for a class in a Science, Technology, En-
gineering, and Mathematics (STEM) discipline (for a list of tutoring
session subjects and undergraduate majors for students and tutors, see
Tables 1, 2, and 3, respectively, in the Supplementary Material). Overall,
students sought help for nine academic subjects, with the most frequent
ones being computer science (20 sessions) and mathematics (16 ses-
sions). We screened potential tutors by a) first asking what subject they
could tutor in, b) what class they could tutor in, and c¢) what grade they
had received in the class. If they had gotten an A, they qualified as tutors
for the study. The majority of tutors reported prior experience with
tutoring, ranging from three months to six years (M = 10.75 months, SD
= 15.67). Only six tutors reported no prior experience with tutoring, but
all of these tutors reported GPAs between 3.5 and 4 (corresponding to
the US letter grade “A”) in the topic in which they would be tutoring.

A research assistant had access to the prescreening survey and
matched students and tutors according to subject. Participants also had
the option to invite a student or tutor they were already acquainted with
to participate in the study. Overall, seven student-tutor pairs knew each
other beforehand (11.6%), and 53 were matched by our research
assistants.

We ran a power analysis for an independent samples t-test using
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G*Power specifying a medium Cohen’s d of 0.5 (Faul, Erdfelder, Lang, &
Buchner, 2007). This effect size was based on prior research examining
gender differences in anxiety within STEM (Goetz, Bieg, Liidtke, Pekrun,
& Hall, 2013; Pomerantz et al., 2002; Tapia & Marsh, 2004).> We
specified 80% power at an alpha level of 0.05, which yielded a suggested
sample size of 51 participants in each group, for a total of 102 partici-
pants. We used this sample size as our initial stopping point in recruit-
ment, but we continued data collection until the end of the semester,
which resulted in 120 total participants. We chose to do our power
analysis on single-outcome dependent variables (namely, gender dif-
ferences in self-reported negative affect), given that repeated measures
analyses (i.e. talking time, objective coders’ ratings of confidence and
anxiety, and types of questions asked), involve multiple time points and
are higher in power when the effect of the predictor variable (in this
case, gender) is consistent across time points (Bolger & Laurenceau,
2013). We hypothesized that our effects would be consistent across time
points, so we used a more conservative approach to determine the tar-
geted sample size by focusing on analyses with one data point per
participant.

Participants self-identified their gender (students: women [72.4%]
and men [27.6%]; tutors: women [39.6%] and men [60.4%]). Two
students and one tutor who identified their gender as “other” partici-
pated in the study, but dyads involving these participants are not
included in the analysis dataset. Students were predominantly un-
dergraduates (91.4%) between the ages of 18 and 34 (M = 19.46, SD =
2.40). Students who were not undergraduates were either Masters’
students studying for an exam (5.2%), or non-matriculated students with
Bachelor’s degrees enrolled in private classes (3.4%)°. Ten students
identified as White (17.2%), four identified as Black or African American
(6.9%), 25 identified as Asian (43.1%), six identified as South Asian
(10.3%), two identified as “Other” (3.4%), and eleven chose not to
respond to the racial identity question (19%).

Thirty-four of the tutors (64.2%) were undergraduates, 17 were
graduate students (32.1%), and one was not currently a student (1.9% —
a student who was currently taking additional courses in computer
science post-graduation), all between the ages of 18 and 34 (M = 22.04,
SD = 3.30). Among the tutors, five identified as White (9.4%), two
identified as Black or African American (3.8%), one identified as
American Indian or Alaska Native (1.9%), 24 identified as Asian
(45.3%), seven identified as South Asian (13.2%), one identified as
“Other” (1.9%), and thirteen chose not to respond (24.5%). The de-
mographic make-up of this sample closely mirrors that of STEM degrees
obtained at the undergraduate level, with a slight overrepresentation of
Asian students (National Center for Education Statistics. (2019), 2019).

Six of the tutors participated in the study on two occasions but with
different students. One student also participated as a tutor on a different
subject. Twenty-five dyads had same-gender students and tutors, with
15 women dyads and 10 men dyads, and 32 of the dyads had students
and tutors that differed in gender, with 25 dyads having a man tutor and
woman student, and 7 dyads having a woman tutor and man student
(see Table 4 in the Supplementary Material for this breakdown). We did
not have the statistical power to examine how different gender combi-
nations between tutors and students might affect outcomes, but we
elaborate on this research question in the Discussion.

2 Indeed, in the current data, we replicated past work and found, on average,
a medium effect size of gender on affective experiences.

3 Results reported in the paper are largely consistent when excluding the 5
students who were not undergraduates, with one exception: we found a sig-
nificant role by gender interaction for talking time, qualified by a simple effect
of gender for tutors, such that men tutors talked for a higher percentage of time
compared to women tutors.
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6.2. Procedure

Participants were scheduled to come to the lab for a 30-minute
tutoring session. Upon arrival, each participant was welcomed by a
research assistant and taken into a private room. Another goal of this
larger study was to measure physiological responses of tutors and stu-
dents, and therefore, experimenters placed physiological sensors on
participants’ bodies and recorded a five minute baseline physiological
recording for both participants. These measures are not the focus of this
paper, but more details regarding them can be found in the Supple-
mentary Material. Next, the student moved into the tutor’s room, which
was equipped with a whiteboard, desk, and materials for the tutoring
session. The room was also equipped with video cameras, and we took
audio and video recordings of both participants separately by using two
different cameras. A research assistant introduced the student and tutor
and explained that the two of them were matched based on subject. The
student and tutor were allowed to chat briefly before the session and
figure out the specifics of the tutoring session, such as specific concepts
that the student would most want to learn about. Tutors were not
instructed to use a specific pedagogical approach, but students and tu-
tors were instructed to remain on topic. We also placed an intercom
system in the room and told participants that we would communicate
with them through the intercom. Thus, participants were aware that we
were listening to their conversation and ensuring that tutoring was
taking place.

Once they were ready to begin the session, participants were given
the following instructions:

“You have thirty minutes to complete your session. There is an intercom
system in the room, so if you need any assistance, just let us know and we
will hear you. You may begin your session now.”

At the end of the tutoring session, the student was taken into a
separate room to allow privacy while filling out measures about the
session. Participants received $20 for participation.

6.3. Measures

6.3.1. Academic achievement and field identification

To obtain a measure of students’ and tutors’ academic achievement,
we asked them to report their Grade Point Average (GPA). To measure
participants’ identification with their subject of study (major), we asked
participants to rate the extent to which they agreed with the following
four statements, on a 7-point Likert scale (1 = “Strongly agree™; 7 =
“Strongly disagree”; Cronbach’s a = 0.88 for tutors, 0.80 for students):
“It is important for me to be good at tasks that require the use of [topic],”
“I feel good about myself when I do well on tasks that involve [topic],” “I
feel a sense of pride in doing well on tasks that involve [topic],” and “I
like tasks that involve [topic].” These items were adapted from Crocker
et al. (2003). Both GPA and subject identification were measured in the
pre-screening questionnaire, before participants took part in the tutor-
ing session.

6.3.2. Behavioral engagement

For all coded behaviors, women research assistants underwent a
training process, further detailed below for each kind of coding. We
intentionally kept coder gender consistent across all coding to avoid bias
that could arise from gender differences in perceptions of behavior.

Talking Time. To determine the amount of time that each partici-
pant spent talking during the tutoring session, three trained research
assistants indicated when participants started and stopped talking
throughout the tutoring session. They did this using Datavyu, a behav-
ioral coding platform that allows coders to simultaneously watch videos
and mark when certain events occur during the interaction (http
s://www.datavyu.org). To train, coders first learned how to use the
Datavyu platform and how to mark talking time in the interaction. For
example, they were taught to mark a pause in speech if it lasted for at
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least one second, to count interjections as speech only if they had
meaning in the context of tutoring (e.g. “hmm” or “ok” as opposed to
“ugh” or “ouch”), and to discount laughter. All coders completed the
same set of five practice videos independently, then met and resolved
discrepancies. Most differences between coders were due to omitting
breaks in speech or mistakenly categorizing interjections as meaningful.
After the training phase, two of the coders were each assigned a number
of participants to code, with a minor amount of overlap, while the third
coder served as the “lead coder” and overlapped on 25% of videos with
each of the other two coders. We analyzed the amount of time that
participants spent talking in 30-second intervals throughout the task (for
a total of 60 segments per person). We estimated reliability using a two-
way mixed absolute agreement single-measures ICC model between the
lead coder and each of the other coders. The ICC values for the single-
measures were in the “excellent” range (ICCs from 0.90 to 0.96;
Cichetti, 1994). We averaged the scores of two coders when there was
overlap.

To obtain the talk time ratio, we computed a variable to represent the
ratio of one dyad member’s talking time to the total amount of talking
time—that is, the sum of one person’s talking time and their interaction
partner’s talking time. This approach allowed us to account for the
possibility that the two participants overlapped in their talking time. For
instance, if a participant did not talk at all during a 30-second interval
and their partner talked the whole time, they would be marked as having
talked 0% of the time and 100% of the time, respectively. On the other
hand, if both participants talked for the whole 30-second interval, they
would each be assigned a score of 50%.

Questions Asked. For both students and tutors, we coded the type of
questions asked. For students, the categories were feedback questions (e.
g. “Is this correct?”), questions that had been asked before (e.g. “Can you
go over that again?”), and questions that asked for more information (e.
g. “What does this mean?”). For tutors, the categories were clarification
questions (e.g. “Is this what you need help with?) or knowledge ques-
tions, meant to test the student’s knowledge (e.g., “Do you know what a
differential is?”).

Again, three women research assistants served as coders. They first
trained on the same set of five videos and resolved discrepancies when
applicable. This type of coding also involved using the Datavyu software
and coders were trained on how to use the software to mark when a
question was asked. Research assistants were trained on what kind of
sentences should be counted as questions. For instance, they were
instructed that only questions related to the tutoring session content
should be counted (e.g. questions about their personal life were not
counted) and that words or interjections like “what?” or “huh?” only
counted as questions if they were used to clarify content (and not
because they did not hear the other person). Discrepancies between
coders in the practice set of videos were primarily due to subjective
interpretations of intonation. After training, the research assistants first
marked every instance when a question was asked. As before, we also
assigned a lead coder 25% of each of the other coders’ videos, to check
for reliability. Using a two-way mixed absolute agreement single mea-
sures ICC model, we obtained values that were all in the “excellent”
range (ICCs from 0.8 to 1). We then had one separate coder identify and
resolve the discrepancies between coders to obtain 100% agreement.

Next, we had coders examine each instance when a question was
asked and mark what kind of question it was. Here again, we provided
them with instructions and examples of each type of question. We once
again used a lead coder who overlapped on 25% of the other three
coders’ files. We then checked reliability for these ratings using a two-
way mixed absolute agreement average measures ICC (Hallgren, 2012;
Shrout & Fleiss, 1979). The ICC values were all in the excellent range
(ICCs from 0.89 to 1; Cichetti, 1994). Whenever there were discrep-
ancies between two coders, we retained the “lead” coder’s rating. We
summed the number of questions for each time point and obtained one
measure for each type of question.

Coders’ Ratings of Engagement. Two trained research assistants
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assessed the degree to which each participant appeared engaged. We
took a “thin-slice” approach to this coding procedure, which relies on
having coders rate a few selected segments of an individual’s behavior,
as opposed to providing a rating for the entire length of the behavior.
This method yields comparable results to ratings of the entire length of
individuals’ behaviors (Carney, Colvin, & Hall, 2007; Murphy et al.,
2015). When judging engagement, the two coders were provided with
the following instructions: “Overall, how engaged is the participant in
the segment you just watched? (behaviors that might suggest engage-
ment could include making eye contact, paying attention, asking ques-
tions, etc.).” To train, coders first coded eight participants together and
discussed their ratings. To ensure that they would use the same criteria
to judge engagement moving forward, coders discussed why they gave a
particular rating and converged on several behaviors that indicated
engagement. Some of the most common engagement behaviors were
making eye contact, responding to questions quickly, nodding their
head, and stopping to let the other person speak. Keeping these dis-
cussed behaviors in mind, coders next coded individually. They watched
three sixty-second segments of the interaction: the first segment
comprised the first 60 s of the interaction, the second was fifteen mi-
nutes after the start of the interaction, and the last was twenty-five
minutes after the start. We chose a 60-second segment because previ-
ous studies have shown that this duration of time is optimal for
capturing similar types of behaviors, such as how extroverted partici-
pants look (Carney et al., 2007). For each segment, coders were given
instructions for what to look for when making their rating. The two
coders overlapped for all of the videos, which allowed us to assess
reliability for each construct. Reliability was assessed as above, using a
two-way mixed consistency average-measures ICC. The ICC value was
once again in the “good” range (ICC = 0.69; Cichetti, 1994).

6.3.3. Affective experiences during the session

Anxiety. Participants rated the extent to which they felt stressed,
tense, and anxious, during the tutoring session on 7-point scales (1 =
“Not at all”, 7 = “Very much”; Cronbach’s a = 0.83 for students, 0.94 for
tutors). We averaged the three items to create an overall anxiety com-
posite (Bosson, Haymovitz, & Pinel, 2004; West, Dovidio, & Pearson,
2014).

Confidence. Participants rated the extent to which they felt confi-
dent, secure, and uncertain (reverse-scored) during the tutoring session
on 7-point scales (1 = “not at all”, 7 = “very much”; Cronbach’s a = 0.67
for students, 0.83 for tutors). We averaged all three items together to
create a confidence composite.

Coders’ Ratings of Confidence. For this measure, we used the same
thin-slice approach as when assessing engagement, with two research
assistants watching three 60-second segments of the interaction and
rating participants’ confidence. When assessing confidence, the two
coders were provided with the following instructions: “Overall, how
confident is the participant in the segment you just watched? (behaviors
that suggest confidence include being assertive, not hesitating, etc.).” As
was the case with engagement, coders first trained by coding the same
eight participants. They then discussed discrepancies and converged on
the types of behaviors indicating confidence. Some of the most common
confidence behaviors included initiating the conversation at the start of
the session and asking and answering questions without hesitation. With
these discussed behaviors in mind, coders then coded all videos indi-
vidually, with 100% overlap. We assessed reliability by using two-way
mixed consistency average measures ICC (Hallgren, 2012; Shrout &
Fleiss, 1979). The ICC was in the “good” range (ICC = 0.72; Cichetti,
1994).

Tutors’ Ratings of Their Own Performance. Tutors were asked to
indicate, on 7-point Likert scales (1 = “Strongly disagree”; 7 = “Strongly
agree”), the extent to which they agreed with the following statements:
“I successfully addressed my students’ concerns,” “The tutoring session
went smoothly,” “I understood my student’s needs,” and “I was confi-
dent with the information I provided during the session” (Cronbach’s a
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= 0.81). We averaged these scores and created a composite to represent
the tutors’ overall evaluation of their own performance during the
tutoring session.

6.4. Analytic strategy

To examine the influence of participants’ gender on our outcomes of
interest, we conducted Actor-Partner Interdependence Models (APIM;
Cook & Kenny, 2005). These models allowed us to investigate how one
dyad member’s gender (“actor gender”) influences their own responses
(e.g., “Does a person’s gender influence one’s own anxiety?”), while
adjusting for the influence of their partner’s gender (“partner gender™)
on their responses (e.g., “Does the gender of one’s partner influence
one’s own anxiety?”). Because they are not the focus of this paper and
because, in general, we did not find any significant partner gender ef-
fects (with the exception of talk time ratio), we report these results in the
Supplementary Material only. We note that removing partner effects
from the models does not affect the results reported. Where relevant, we
report all covariance parameters (used to adjust for multiple forms of
nonindependence) in the Supplementary Material as well. Where
possible, we report effect sizes using the approach suggested by Edwards
et al. (2008) for calculating partial R? for multilevel models (Rﬁz).

6.4.1. Univariate outcomes measured at one time point for tutors only

To analyze tutors’ evaluations of their own performance, we ran a
linear regression investigating the effect of actor gender (i.e., tutor
gender), while adjusting for partner gender (i.e., student gender).

6.4.2. Univariate outcomes measured at one time point for both dyad
members

For self-reported anxiety and self-reported confidence, we used
multilevel modeling (MIXED in SPSS) to account for nonindependence
between dyadic combinations with the same tutor (given that some tu-
tors tutored multiple students) and between dyad members. We inves-
tigated the effects of actor gender, role (student or tutor), and the
interaction between actor gender and role, while adjusting for partner
gender and the interaction between partner gender and role.

6.4.3. Multivariate outcomes measured at one time point for both dyad
members

We coded multiple types of questions asked for tutors and students.
These outcomes were overdispersed (meaning that the variance was
larger than the mean), and so we used a Generalized Linear Mixed Model
(PROC GLIMMIX in SAS) with a negative binomial distribution and
logarithmic function (Rodriguez, 2013). We accounted for noninde-
pendence between dyadic combinations with the same tutor and be-
tween dyad members. Because the question types we coded were
different for students and tutors, we ran separate models for students
and tutors. Both models predicted the number of questions asked from
actor gender, question type, and the interaction between actor gender
and question type, while adjusting for partner gender and the interac-
tion between partner gender and question type.

6.4.4. Univariate outcomes measured at multiple time points for both dyad
members

To analyze talk time ratio (sixty time points), coders’ ratings of
anxiety, and coders’ ratings of confidence (each coded at three time
points), we used multilevel modeling (PROC MIXED in SAS) to account
for nonindependence between dyadic combinations with the same tutor,
between dyad members, and within-person across time. We examined
the effects of actor gender, role, and the interaction between actor
gender and role, while adjusting for partner gender and the interaction
between partner gender and role.

Contemporary Educational Psychology 70 (2022) 102088
7. Results

To rule out the possibility that pre-existing differences between men
and women led to differences in engagement and affective experiences,
we first examined whether there were gender differences in participants’
reported academic performance and identification with their field of
study.

7.1. Field identification

We did not find any differences in domain identification between
men and women, b = 0.08, SE = 0.10, t(101) = 0.82, p =.414, 95% CI
[5.87, 6.25], Rﬂz = 0.007. As expected, tutors (M = 6.31, SD = 0.72)
identified significantly more with their field compared to students (M =
5.75, SD = 1.05), b = 0.25, SE = 0.10, t(101) = 2.58, p =.011, 95% CI
[0.06, 0.44], Rﬁz = 0.06, and this effect did not vary by gender, b =
—0.07, SE = 0.10, t(101) = —0.67, p =.50, 95% CI [-0.26, 0.13], Rﬂz =
0.004.

7.2. Academic performance

We did not find any differences in academic performance, as
measured by GPA, between men and women, b = 0.10, SE = 0.07, t(89)
= 1.50, p =.138, 95% CI [-0.03, 0.23], Rﬁz = 0.02. As expected, we
found that tutors had a higher GPA (M = 3.70, SD = 0.75) compared to
students (M = 3.35, SD = 0.41), b = 0.16, SE = 0.07, t(89) = 2.43, p
=.017, 95% CI [0.03, 0.29], R,;2 = 0.06; this effect did not vary by
gender (no gender by role interaction), b = 0.05, SE = 0.07, t(89) = 0.82,
p =.42, 95% CI [-0.08, 0.18], R/;2 = 0.007.

7.3. Behavioral measures of engagement

7.3.1. Talk time ratio

There was no main effect of actor gender on the percentage of time
participants spent talking relative to their partners, b = —1.03, SE =
1.69, t(68.9) = —0.61, p =.55, 95% CI [—4.40, 2.35], R,;2 =0.005. There
was a significant main effect of role, b = 17.33, SE = 3.07, t(54.2) =
5.65, p <.001, 95% CI [11.18, 23.47], R/;Z = 0.37 (see Table 1 and
Fig. 1), such that tutors (M = 68.29%, SD = 30.43) spoke for a higher
percentage of time compared to students (M = 28.96%, SD = 28.50). The
interaction effect between actor gender and role was not significant, b =
-1.26, SE = 1.72, t(71.5) = -0.73, p =.47, 95% CI [—4.70, 2.18], Rﬂz =
0.007.

Table 1
Talking Time Ratio and Coded Engagement by Gender and Role.

Rating Talking Time Ratio Coded Engagement
M SD 95% CI M SD 95% CI

Gender

Woman 42.02 34.88  [40.83, 559 1.05 [5.44,
43.21] 5.74]

Man 58.18 33.99 [56.91, 565 1.03 [5.49,
59.46] 5.81]

Role

Student 29.25 28.66  [28.22, 554 1.09 [5.37,
30.28] 5.70]

Tutor 68.56 30.19 [67.49, 5.7 0.98 [5.55,
69.62] 5.85]

Role x Gender

Man tutor 69.29  29.33  [67.94, 562 1.03 [5.42,
70.64] 5.81]

Man student 35.75 31.60  [33.68, 573 1.03 [5.43,
37.81] 6.03]

Woman tutor 67.49 31.36 [65.76, 5.84 0.89 [5.62,
69.23] 6.06]

Woman 26.41  26.79  [25.25, 546 1.10 [5.26,

student 27.57] 5.66]
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Fig. 1. Talking Time Ratio as a Function of Role and Actor Gender. Note. Error
bars represent the standard error of the mean. ns indicates p >.05.

7.3.2. Types of questions asked

Questions Asked by Students. When analyzing questions asked by
students, we found that 4.6% of the questions were “repeat” questions,
50.9% were “feedback” questions, and 43.3% were “more information”
questions. We found a significant main effect of question type, F(2, 106)
=95.07,p <.001, Rﬂz = 0.64. Students asked more questions requesting
more information than repeat questions (see Table 2), b = 2.06, SE =
0.17,t(106) = 12.11, p <.001, 95% CI [1.72, 2.40], Rﬁz = 0.58. Students
also asked more feedback questions than repeat questions, b = 2.24, SE
=0.17,t(106) = 13.36, p <.001, 95% CI [1.92, 2.58], R/;2 = 0.63. There
was no significant difference between the number of feedback questions
students asked and the number of questions requesting more informa-
tion, b= 0.19, SE = 0.12, t(106) = 1.54, p =.13, 95% CI [0.06, 0.44], R,
= 0.02.

We also found a significant main effect of gender across all question
types, such that men students (M = 10.53, SD = 12.29) asked more
questions than women students (M = 9.09, SD = 9.32), F(1,106) = 5.73,
p =.018, Rﬂz = 0.05; however, this was qualified by a significant inter-
action between question type and actor gender, F (2,106) = 9.62, p
<.001, R;* = 0.15. We found a significant effect of gender on the number
of repeat questions that students asked, b = 0.70, SE = 0.17, t(106) =
4.15, p <.001, 95% CI [0.36, 1.03], R,;z = 0.14, such that men students
asked more repeat questions than women students (see Table 2 and
Fig. 2). We did not find a significant simple gender effect on the number
of feedback questions asked, b = 0.11, SE = 0.12, t(106) = 0.88, p =.38,
95% CI [-0.13, 0.35], R/;Z =0.007, or on the number of questions asking
for more information, b = —0.03, SE = 0.12, t(106) = —0.29, p =.77,
95% CI [-0.27, 0.21], R,;2 = 0008. Thus, the only category of questions
for which we found a gender difference was repeat questions (men asked
more).

Questions Asked by Tutors. When analyzing questions asked by
tutors, we found that 21.3% were “clarification” questions and 58.5%
were “knowledge” questions. We found a main effect of question type, F

Table 2
Means for question types for students and tutors.

M SD 95% CI

Student gender More information Questions

Woman 12.69 7.44 [10.37, 15.01]

Man 12.13 10.85 [6.13, 18.14]
Feedback Questions

Woman 13.83 9.97 [10.73, 16.94]

Man 16.53 15.59 [7.90, 25.17]
Repeat Questions

Woman 0.76 1.57 [0.27, 1.25]

Man 2.93 3.28 [1.12, 4.75]

Tutor gender Clarification Questions

Woman 9.52 9.22 [5.33,13.72]

Man 10.03 7.15 [7.61, 12.45]
Knowledge Questions

Woman 22.95 27.14 [11.60, 36.30]

Man 29.89 21.79 [22.51, 37.26]
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Fig. 2. Questions Asked by Students as a Function of Gender. Note. Error bars
represent the standard error of the mean. *** indicates p <.001. ns indicates
p >.05.

(1, 52) = 40.87, p <.001, such that tutors asked more knowledge
questions compared to clarification questions, b = 0.88, SE = 0.14, t(57)
=6.39,p <.001,95% CI [0.60, 1.15], Rﬁz = 0.44 (see Table 2 and Fig. 3).
We did not find an effect of actor gender, F(1, 52) = 2.55,p =.12, R/;2 =
0.05, nor an interaction between actor gender and question type, F(1,
52) = 0.86, p =.36, Ry = 0.02.

7.3.3. Coders’ ratings of engagement

There was no main effect of actor gender, b = —0.003, SE = 0.07, t
(115) = —0.05, p =.96, 95% CI [-0.14, 0.14], R/;2 < 0.001, or role, b =
0.05, SE = 0.05, t(90.9) = 1.01, p =.32, 95% CI [—0.05, 0.16], sz =
0.01, on ratings of engagement. There was also no significant interaction
between actor gender and role, b = —0.12, SE=0.07,t(117) = —1.80,p
=.074, 95% CI [-0.15, 0.12], Rﬁz = 0.03 (see Table 2 and Fig. 4).

In sum, women and men participants were engaged with the tutoring
sessions to a similar degree: although men students asked more “repeat
questions” compared to women students, men and women students and
tutors did not significantly differ in any other engagement measures.
They spent a similar amount of time talking relative to their partners,
they asked a similar number of “feedback” and “more information”
questions (for students) and “clarification” and “knowledge” questions
(for tutors), and they appeared to be engaged to a similar degree (as
coded by outside raters).

7.4. Affective experiences during the session

7.4.1. Anxiety

We found a main effect of actor gender on the amount of anxiety that
participants experienced during the session, such that women reported
higher levels of anxiety compared to men, b =-0.41, SE = 0.14, t(67.57)
= -2.93, p =.005, 95% CI [-0.70, —0.13], Rﬁz = 0.11 (see Table 3 and
Fig. 5). We did not find a main effect of role, b = 0.02, SE = 0.14, t
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Fig. 3. Questions Asked by Tutors as a Function of Gender. Note. Error bars
represent the standard error of the mean. ns indicates p >.05.
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Fig. 4. Coders’ Ratings of Engagement by Actor Gender. Note. Error bars
represent the standard error of the mean. ns indicates p >.05.

(37.87) = 0.15, p =.88, 95% CI [-0.27, 0.31], Rs* = 0.0006, nor did we
find a significant actor gender by role interaction, b = —0.15, SE = 0.14,
t(67.91) = —1.04, p =.30, 95% CI [-0.43, 0.14], Rﬁz = 0.02. Thus, all
women, regardless of whether they were a tutor or a student, felt more
anxious than men.

7.4.2. Confidence

We also found a main effect of actor gender on the amount of con-
fidence that participants reported during the session, such that men
reported significantly more confidence compared to women, b = 0.46,
SE =0.12,1(98.93) = 3.77,p <.001, 95% CI [0.22, 0.70], Rﬂz =0.13 (see
Table 3 and Fig. 6). There was also a main effect of role, such that tutors
reported feeling more confident compared to students, b = 0.36, SE =
0.14, t(62.38) = 2.66, p =.010, 95% CI [0.09, 0.64], R/;Z =0.10. We did
not find a significant interaction between actor gender and role, b =
0.17, SE = 0.12, (99.12) = 1.37, p =.18, 95% CI [-0.08, 0.41], R/;Z =
0.02.

7.4.3. Coders’ ratings of confidence

There was a main effect of actor gender on how confident partici-
pants were seen, such that men participants were seen as more confident
compared to women participants, b = 0.25, SE = 0.08, t(120) = 3.02, p
=.003, 95% CI [0.08, 0.41], Rﬁz = 0.07 (see Table 3 and Fig. 7 for
means). There was also a main effect of role, such that tutors were seen
as more confident than students, b = 0.41, SE = 0.08, t(91.2) = 5.69, p
<.001, 95% CI [0.27, 0.56], R/,z = 0.26. There was no interaction be-
tween actor gender and role, b = —0.04, SE = 0.08, t(122) = —0.53,p
=.60, 95% CI [—0.20, 0.12], Rﬁz = 0.002.

7.4.4. Tutors’ ratings of their own performance

We found a main effect of tutor gender on their evaluation of their
own performance during the session, such that men tutors rated their
own performance significantly more positively compared to women
tutors (see Fig. 8), f = 0.28, SE = 0.09, t(54) = 3.04, p =.004, 95% CI
[0.10, 0.47], R;* = 0.15.

Table 3
Means for Subjective Ratings of the Tutoring Session.
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Fig. 5. Self-reported Anxiety by Actor Gender. Note. Error bars represent the
standard error of the mean. ** indicates p <.01.
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Fig. 7. Coders’ Ratings of Confidence by Actor Gender. Note. Error bars
represent the standard error of the mean. ** indicates p <.01.

Rating Anxiety Confidence Coded confidence Evaluation of own performance
M SD 95% CI M SD 95% CI M SD 95 %CI M SD 95 %CI

Gender

Woman 2.55 1.58 [2.16, 2.95] 4.39 1.26 [4.08, 4.71] 4.73 1.00 [4.48, 4.98]

Man 1.74 1.05 [1.45, 2.03] 5.58 1.19 [5.25, 5.91] 5.46 0.77 [5.23, 5.68]

Role

Student 2.28 1.53 [1.88, 2.69] 4.43 1.26 [4.10, 4.76] 4.59 1.30 [4.40, 4.79]

Tutor 2.10 1.33 [1.76, 2.45] 5.41 1.29 [5.07, 5.74] 5.52 1.11 [5.35, 5.69]

Role x Gender

Man tutor 1.69 0.85 [1.41, 1.98] 5.90 1.06 [5.54, 6.26] 5.67 0.96 [5.45, 5.89] 5.99 0.83 [5.75, 6.22]

Woman tutor 2.73 1.68 [2.01, 3.46] 4.64 1.24 [4.10, 5.18] 5.28 1.30 [4.83, 5.74] 5.66 1.03 [5.41, 5.92]

Man student 1.84 1.44 [1.07, 2.61] 4.87 1.16 [4.26, 5.49] 5.00 1.22 [4.54, 5.46] - - -

Woman student 2.45 1.54 [1.97, 2.93] 4.26 1.27 [3.97, 4.76] 4.43 1.30 [4.16, 4.70] - - -
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In sum, in contrast to the overall patterns of results for engagement,
we found a consistent gender difference in students’ and tutors’ affective
experiences related to the tutoring sessions. Women students and tutors
reported more anxiety, less confidence, and were perceived as less
confident by outside observers compared to men. In addition, women
tutors rated their own performance significantly more negatively than
men did.

8. Discussion

We examined whether the behavioral and psychological processes
that unfold for students and tutors during STEM peer tutoring sessions
differ by gender. We observed tutors and students as they participated in
peer tutoring sessions, and we measured engagement behaviors of both
partners during the session and their affective experiences after it. Our
work reveals two primary findings. One, women and men did not differ
from each other across several measures of engagement: the amount of
time they spent talking, the number of feedback and more information
questions they asked (for students), the number of clarification and
knowledge questions they asked (for tutors), and how engaged they
were as perceived by outside observers. Furthermore, gender effects for
engagement behaviors were consistent across tutors and students. We
found one gender difference in behavior: men students were more likely
to ask questions they had asked before, compared to women students.

Two, although men and women showed similar levels of engagement
in the tutoring sessions, they differed in their affective responses to the
sessions. Women experienced more anxiety, less confidence, and were
perceived as less confident by outside observers, compared to men; these
findings held for both students and tutors. In addition, women tutors
evaluated their own performance less positively compared to men
tutors.

Our finding that men and women did not differ in their levels of
engagement contrasts with research that has found gender differences in
classroom engagement. This finding suggests that the structural differ-
ences between classroom and peer tutoring learning may be effective at
reducing gender differences in engagement (Aguillon et al., 2020; Carter
et al., 2018; Crombie et al., 2003; Daly et al., 1994; Eddy et al., 2014;
Sankar et al., 2015). For women, not being numerically outnumbered
might reduce activation of the gender-STEM stereotype, and in turn,
decrease expectations that women do not belong and perform worse
than men in STEM. With learning as the main goal, no formal evaluation
immediately at stake, and a same-status instructor, women may feel
more comfortable talking and asking questions during these tutoring
sessions. Our finding also aligns with research suggesting that peer
tutoring may be a helpful tool for encouraging women students’
engagement in STEM (Dagley et al., 2016; Good et al., 2000; Savaria &
Monteiro, 2017).

In contrast to our findings on engagement, however, our findings on
negative affect align with the existing literature on men and women’s

=2
o]
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Fig. 8. Tutors’ Evaluations of Their Own Performance by Gender. Note. Error
bars represent the standard error of the mean. ** indicates p <.01.
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experiences in STEM classrooms, where women tend to have less posi-
tive experiences compared to men (Cech et al., 2011; Pelch, 2018;
Schuster & Martiny, 2017; Sterling et al., 2020). This finding is sur-
prising considering existing evidence that emotion and engagement are
typically linked in academic contexts (Dettmers et al., 2011; Pekrun,
Goetz, Titz, & Perry, 2002) and can have a reciprocal relationship:
negative emotions lead to disengagement, which in turn fuels negative
outcomes (such as poor performance), ultimately reinforcing the nega-
tive emotions (Kahu, Stephens, Leach, & Zepke, 2015). However, it is
possible that women who are still interested in STEM at the college level
have somewhat adjusted to experiencing negative affect in STEM envi-
ronments and have learned to cope with it in order to succeed. In other
words, although women may feel worse than men in these tutoring
sessions, they may understand that engagement during these sessions is
required in order to learn. Thus, they persist in talking and asking
questions even though they feel anxious and uncertain. To the extent
that the accumulation of these negative affective experiences contribute
to women’s decision to leave STEM fields, peer tutoring interactions
may not be entirely effective at reducing women’s risk of dropping out of
STEM fields.

Our findings have important implications for understanding how
affective experiences in STEM may contribute to gender disparities in
participation down the road, for two reasons. First, in the long run,
consistently experiencing negative affect in peer tutoring interactions
could lead women to experience burnout and eventually disengage from
the field (Bedynska & Zofnierczyk—Zreda, 2015; Bumbacco & Scharfe,
2020a,b; Jensen & Deemer, 2019; Pedersen & Minnotte, 2017).
Although we did not find gender differences in engagement during one
tutoring session, repeatedly experiencing negative affect during tutoring
may eventually lead to disengagement—both during STEM interactions,
and from STEM careers more generally. Indeed, studies have found that
negative emotions experienced during learning negatively affect stu-
dents’ self-reported academic effort and motivation (Dettmers et al.,
2011; Pekrun et al., 2002). Burnout may not only occur for women at
early career stages, but also for women who are more advanced in the
field (Pedersen & Minnotte, 2017), such as the peer-tutors in our study.
For example, negative experiences might prevent tutors from pursuing
future tutoring opportunities or other academic endeavors in STEM in
the future. Future research should take a longitudinal approach to
studying peer learning interactions to test whether there is a critical
period during which negative emotions lead to behavioral disengage-
ment during peer learning. Understanding the interdependence between
negative emotions and disengagement is an important direction for
future research and for developing interventions aimed at improving
engagement more broadly.

Second, experiencing negative affect during peer tutoring could
hinder the learning process and impact women’s subsequent perfor-
mance (Cassady, 2004; Cassady & Johnson, 2002). For students, expe-
riencing negative affect might interfere with their learning during the
session, for example, by shortening the span of working memory (Ash-
craft & Kirk, 2001; Lavric, Rippon, & Gray, 2003; Mangels, Good,
Whiteman, Maniscalco, & Dweck, 2012). For tutors, such experiences
may prevent them from strengthening their understanding of concepts
they already know (Good et al., 2000), thus interfering with the learning
process and performance. These negative affective experiences could
also indirectly influence retention for both students and peer-tutors.

Our study also has implications for the quality of peer relations in
STEM. Interactions with peers, both early and later in individuals’ career
stages, can influence people’s sense of belonging in the field (Hall,
Schmader, Aday, & Croft, 2019; Walton, Logel, Peach, Spencer, &
Zanna, 2015), and, for women especially, can determine whether they
remain in the field (Ito & McPherson, 2018; Lewis et al., 2017).
Furthermore, networking with peers is a critical component of persis-
tence and success in STEM (Spurk, Kauffeld, Barthauer, & Heinemann,
2015; Xu & Martin, 2011). Peer tutoring has the potential to encourage
stronger relationships within STEM because it provides structural
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advantages compared to the classroom. However, if individuals consis-
tently experience negative affect in these interactions, this could pre-
clude them from forming such relationships.

Although we did not find differences in engagement between men
and women on most of our outcomes of interest, there was one excep-
tion—the number of “repeat” questions that students asked during the
session. We interpret these findings with caution primarily because the
overall occurrence of “repeat” questions was infrequent (4.9%).
Nevertheless, repeating a formerly-asked question could generate con-
cerns about being perceived as incompetent because it indicates that the
student did not understand the tutor’s explanation the first time the
question was asked. These concerns may affect women more than men
because women may already be concerned about confirming the gender-
STEM stereotype (Shapiro & Williams, 2012). Therefore, men students
might be more comfortable asking these types of questions. However,
further research is needed to explore this hypothesis, as there are other
potential reasons for repeating a question such as, for instance, being
inattentive.

8.1. Limitations and future directions

One unexplored aspect of this work is whether gender-matching in
the tutoring pairs affects the behaviors and affective experiences we
investigated. For women, interacting with women role models in STEM
can lead to more positive experiences and increased retention (e.g.
Dennehy & Dasgupta, 2017). Thus, it is possible that having a woman
tutor could reduce the negative affective experiences that women stu-
dents reported in this study. Furthermore, patterns of engagement might
also differ for women when they are part of cross- versus same-gender
dyads. For instance, one study showed that when women experienced
stereotype threat prior to working on a mathematical task with a part-
ner, they were more likely to be engaged when the partner was a
woman, but not when the partner was a man (Thorson, Forbes,
Magerman, & West, 2019). We did not have the statistical power to
examine whether gender-matching influenced outcomes in this study,
but future work with a larger sample size could answer this question. To
that end, we also note that a qualitative analysis of the tutoring session
recordings could provide further insight into the patterns of engagement
and affect that men and women students demonstrate. Although it is
beyond the scope of this paper, the quality of these interactions is
important in its own right. For example, it is possible that the kind of
language (e.g. positive or negative words) that tutors and students used
could impact engagement and affective experiences.

In addition, although our findings suggest that negative affect is
experienced disproportionately by both women students and women
tutors, relative to their men counterparts, many women students in the
study majored in subjects that are less math-intensive than traditional
STEM courses (such as Psychology) and were tutored in a math-intensive
course (such as Calculus). This distinction is an important avenue for
future research, considering the vast amount of research demonstrating
gender differences in mathematical self-concept (Devine, Fawcett,
Szlics, & Dowker, 2012; Else-Quest, Hyde, & Linn, 2010; ; Kim & Sax,
2018; Voyer et al., 2014). One the one hand, it is possible that math-
intensive courses are more threatening for women who are not major-
ing in a math-intensive STEM field. On the other hand, students who
major in STEM fields that are not very math-intensive may identify with
STEM less, and may be less susceptible to the negative effects of ste-
reotypes about women in STEM (Spencer et al., 1999). Thus, students’
and tutors’ intentions to pursue math-intensive STEM majors could play
a role in the patterns of engagement and affect that we observed, and
should be investigated in future research.

Another important aspect of our recruitment process is that we
selected students for tutoring sessions based on their self-reported need
and not on their objective performance in a class (e.g. grades). Although
this process is similar to that of the university’s tutoring center, an
important direction for future research would be to examine whether
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there is a difference in behavioral and affective patterns between stu-
dents who are objectively in need of tutoring, as demonstrated by their
class performance, and students who self-selected into the tutoring
session. It is possible that students who self-select into tutoring may
experience more negative affect compared to those who do not, having
already acknowledged that they are falling behind in the class. However,
it is important to note that we found differences in affect for tutors as
well, suggesting that these patterns overall may not be a result of se-
lection bias due to anxiety in the domain.

As mentioned above, future research could also use a longitudinal
design (e.g., where the same tutor and student meet multiple times over
the course of one semester) to investigate the extent to which the pat-
terns we observed persist once students and tutors become more
acquainted with each other or whether feelings of uncertainty and
anxiety decline over time, as they have been shown to do in previous
research (Reis, Maniaci, Caprariello, Eastwick, & Finkel, 2011; Vittengl
& Holt, 2000). Moreover, because our design was cross-sectional, we do
not have a baseline measure of women'’s negative affect outside of the
tutoring session that would allow us to compare whether the tutoring
session made them experience more or less negative affect compared to
their baseline experience in STEM, or in academic environments more
generally. By directly comparing peer tutoring experiences in STEM to
classroom experiences, for example, we may find that peer tutoring
sessions generate less negative affect compared to other STEM learning
contexts, considering the theorized differences in evaluative concerns.
This pattern, coupled with our findings from this study, would suggest
that despite inducing less anxiety overall, peer tutoring may still be less
advantageous for women than it is for men, at least when it comes to
their affective experiences.

We also note that in this study we focused on measures of self-report
and outside coders’ perceptions, and thus did not examine self-other
perception differences in these dyads. For instance, with regard to the
tutors’ evaluation of their own performance during the session, it is
possible that rather than women underestimating their performance,
men may be overestimating theirs. Investigating this difference is an
important avenue of future research, as students’ evaluations of their
tutors, and vice-versa, could also influence decisions to persist in the
field.

Lastly, an important limitation of this study is that we did not ask
students whether they had any learning disabilities or academic ac-
commodations. Students with disabilities can experience more negative
affect and show less engagement during learning interactions compared
to students without disabilities (Sideridis, 2005). However, one-on-one
peer tutoring interactions may actually be easier to navigate for stu-
dents with disabilities compared to interactions in large classrooms.
Therefore, it is possible that women students with disabilities may
experience less negative affect in peer-tutoring compared to other
learning environments. Future research could investigate whether the
intersectionality of learning disabilities and gender could change the
dynamics observed in this study. Furthermore, individuals from
different cultures and across the neurodiversity spectrum might show
different patterns of engagement and affective experience than the ones
we considered in the present study. Since our coders were all from
Western cultures, it is possible that their interpretations of engagement
and confidence were biased. For instance, there are cultural differences
in the kinds of behavior that are considered polite (Yu, 2011). It is
possible that students and tutors from different cultures may perceive
behaviors such as asking questions and talking for long periods of time
as impolite, and they may try to regulate the frequency of these be-
haviors. Future research could also investigate factors, other than
gender, that could influence engagement and affective experiences in
peer tutoring. Within STEM, racial minorities and first-generation col-
lege students are also underrepresented and can show different patterns
of classroom engagement and affective experiences relative to their
peers (e.g. Flynn, 2016). Thus, examining whether our findings extend
to other underrepresented groups in STEM and understanding how the
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intersectionality of multiple underrepresented identities might impact
engagement and negative affect are other important next steps in this
line of research.

8.2. Conclusion

Despite being similarly engaged in peer tutoring sessions across
several behavioral measures, we found that women experience more
anxiety, feel less confident, are perceived as less confident, and evaluate
their performance more poorly (as tutors). To our knowledge, this is the
first study to directly investigate how students and tutors interact during
peer tutoring sessions, using a multi-method approach for studying men
and women’s engagement and affective experiences. Overall, our find-
ings highlight affective experiences during STEM tutoring interactions
as underexplored factors that could contribute to previously docu-
mented gender disparities across multiple stages of the STEM pipeline.
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