International Journal of Engineering Education Vol. 40, No. 3, pp. 543-556, 2024
Printed in Great Britain

0949-149X/91 $3.00+0.00
(© 2024 TEMPUS Publications.

Evaluation of Bias in Peer Assessment in Higher Education™

JACKLIN H. STONEWALL and MICHAEL C. DORNEICH**
Industrial and Manufacturing Systems Engineering, lowa State University, 3028 Black Engineering Building, Ames, IA 50011-2164,
USA. Email: dorneich@iastate.edu

JANE RONGERUDE
Community and Regional Planning, Iowa State University, Ames, 1A, USA.

Small group, active learning strategies have increased student achievement, attendance, engagement, and overall learning
outcomes. Peer assessment is an important aspect of team pedagogy. It increases individual accountability, improves team
functioning, and contributes to a sense of belonging among teammates. However, perceptions of unfairness undermine
many positive outcomes of team learning and peer assessment. Students worry that their peers are not impartial raters;
indeed, research has shown that they are not. However, a broad investigation of bias is needed. Specifically, there is little
peer assessment data that cuts across classes, departments, and academic fields, as this information tends to be challenging
to collect into a single dataset. This project aimed to explore bias in peer assessment from multiple perspectives through a
literature review, surveys of students and instructors, and an analysis of peer assessment ratings given and received. The
first study broadly asked instructors about the occurrence of bias in their classrooms and actions to mitigate it. The second
study asked students about their peer assessment experiences and perceived biases. The third study analyzed over 20,000
peer assessment ratings to investigate bias. Both instructors and students detailed bias in their classrooms and with
assessments. Evidence of bias was shown in the peer assessment scores, which student achievement cannot fully explain.
The results demonstrated that the experiences of women and students of color in these classrooms differ from those of their
peers regarding assessment. By understanding where and how bias occurs in peer assessment, training can be designed to
target problem areas and improve the fairness of assessment directly. This could ensure that the positive outcomes
associated with learning teams are shared among all students.
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1. Introduction

The employment of small group, active learning
strategies (such as cooperative learning or Team-
Based Learning) in classroom environments has
been shown to increase student achievement, atten-
dance, and engagement and to result in better over-
all learning outcomes [1-3]. Engineering classrooms
using active learning have demonstrated enhanced
cognitive acquisition of material over conventional
lecturing approaches [4, 5], with even more signifi-
cant benefits for students from underrepresented
groups [6]. Because of these outcomes, team-based
pedagogies and cooperative learning practices have
been identified within institutions of higher learning
as a strategy to improve the classroom engagement
and retention of underrepresented students.
Research shows that learning in teams positively
affects objective outcomes (such as exam scores) for
minority students [7, §].

In engineering, the process of peer assessment is
suggested as a method of teaching and a technique
for reinforcing core professional skills (e.g., com-
munication, peer work review, and team skills). As
a result, it is not surprising that a growing number
of engineering professional associations now
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recommend that engineering education programs
integrate active and small-group learning strategies
into their curriculum. These organizations include
the European Society for Engineering Education
(SEFI), the Active Learning in Engineering Educa-
tion (ALE) network, and accreditation organiza-
tions such as the Accreditation Board for
Engineering and Technology (ABET) [5]. Negative
experiences with teaming and peer assessment can
potentially leave all engineering students profes-
sionally unprepared [9].

Peer assessment is often included within a small
team pedagogy. In peer assessment, students eval-
uvate the quality of their colleagues’ classroom
engagement, contribution, and effort, and it often
counts toward the students’ final course grades [10,
11]. Peer assessments are usually anonymous and
supported by detailed instructions and a grading
rubric [12, 13]. Graded assessments reduce ““social
loafing” (failing to participate), increase individual
accountability [14], and contribute to a sense of
belonging among teammates [15].

Many of the positive outcomes of team learning
and peer assessment can be undermined by percep-
tions of unfairness [14, 16]). Studies report that
students consider the peer assessment process fair
in principle [16]. However, students worry that, in
practice, their peers are not impartial raters, and
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indeed, research has shown that they are not [16—
18]. Biases that create unfairness in peer assessment
have been observed in the classroom [19] and in
assessment scores themselves [20]. These observed
biases have been attributed to gender, race, ethni-
city, socioeconomic status, and peer group affilia-
tion.

Unfortunately, some engineering students from
underrepresented groups encounter a chilly class-
room climate. Biases have been shown to manifest
in many ways, including in peer assessments [21],
which can contribute to a sense of not being
welcome and can deter diverse students from con-
tinuing their engineering education [22, 23]. By
understanding where biases in peer assessment
occur in both qualitative and quantitative feedback,
educators can be better positioned to address them
and enable all students to reap the benefits of active
learning and peer assessment.

Researchers have examined the occurrence of
bias in peer assessment in individual classes (e.g.,
[21, 24]) or departments (e.g., [25]). In one academic
year, 38% of professors surveyed perceived an act of
bias in their classes [19]. However, a broad investi-
gation of bias is missing from the literature. Speci-
fically, little of the existing peer assessment data
cuts across classes, departments, and academic
fields as this information tends to be difficult to
collect into a single dataset. There are further gaps
for studies that examine the issue of peer assessment
bias from multiple perspectives (e.g., student per-
ceptions, instructor perceptions, and peer assess-
ment scores themselves).

This paper reports on findings from three studies
investigating bias in peer assessment from three
perspectives: instructor, student, and peer assess-
ment rating data. All studies were conducted in the
context of one large US Midwestern university and
were approved by the Institutional Review Board
(IRB). Study 1 asked instructors about the occur-
rence of bias in their classrooms and in peer assess-
ments and any actions they had taken to mitigate
bias. Study 2 asked students about their peer
assessment experiences and perceived biases.
Study 3 analyzed a large body of peer assessment
data collected over five years across multiple
departments and disciplines to determine if and
when bias occurred.

2. Literature Review

2.1 Benefits of Peer Assessment

A growing body of research demonstrates the value
of peer assessment for the learning process [26].
Instructors report using peer assessment as a tool
for increasing students’ motivation [27-29], pro-
moting the learning process [12, 30] and increasing

students’ engagement [31]. While increased
accountability receives the most attention, peer
assessments have been demonstrated to empower
learners and increase their classroom engagement
[32], increase interactions among students and
between students and instructors [33], and contri-
bute to a sense of belonging within teams [15].
Assessments can foster autonomy and maturity
and help students improve social and professional
skills [34]. These skills transfer to the workplace,
where implementing peer review and peer feedback
allows employees to understand better their
strengths and weaknesses [35].

Recently, the Accreditation Board for Engineer-
ing and Technology (ABET) revised the student
outcomes required for accreditation. Outcome 5
now reads: “an ability to function effectively on a
team whose members together provide leadership,
create a collaborative and inclusive environment,
establish goals, plan tasks, and meet objectives.”
[36]. With this more detailed definition of the
team environment, ABET suggests evidence can
be obtained through peer assessment: “Use of
web-based peer evaluations such as CATME.org or
TEAMMATES. The peer evaluations include speci-
fic questions about collaboration and inclusiveness.”
([36], pp. 5). Student Outcome 5 also specifically
prescribes that the team environment be inclusive.
As teaming and peer assessment are not always
inclusive processes for all students, this work on
improving the fairness of peer assessments can be
directly applied to the satisfaction of Student Out-
come 3.

Despite these benefits, students and instructors
have expressed concerns about the fairness of peer
assessment [37-40]. The primary threat to peer
assessment fairness is bias, which may be explicit
or implicit [41]. Biases that may impact peer assess-
ment have been observed in the classroom environ-
ment (e.g., [19]) and in assessment scores themselves

(e.g., [20]).
2.2 Fairness in Peer Assessments

Peer evaluations have become the focus of a grow-
ing body of research, including examinations of
student perceptions [17] and peer assessment imple-
mentation strategies [42]. Both students and
instructors have expressed concerns about the fair-
ness of teams and their associated peer assessments,
primarily due to concerns with bias [37-40]. It is
already understood that biased behaviors are com-
monly present in higher education classrooms [19].
Research has shown that women and students of
color also have different experiences in terms of
assessment [21]. The challenge in creating peer
assessments that maximize fairness and minimize
biases is two-sided: (1) the difficulty of detecting
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various forms of bias in peer assessment and (2) the
difficulty of making students aware of their biases
or potential for bias.

2.3 Threats to Peer Assessment Fairness

Biased actions result from an individual’s biased
attitudes, which can be implicit or explicit. These
attitudes create an individual’s subjective organiza-
tional structure for perceiving their environment
[41]. Although biased attitudes are deeply
engrained, they tend to be inconsistently expressed
depending on the social context. For example,
explicit attitudes are often moderated or ‘“‘cen-
sored” in social situations where they are perceived
as unwelcome [43]. Classroom bias tends to target
individuals’ perceived sexual orientation, race,
gender, and ethnicity [44].

Implicit bias refers to an attitude that is “. . . acti-
vated by the mere presence (actual or symbolic) of
the attitude object and commonly functions without
a person’s full awareness or control” ([41], p. 62). In
the classroom, implicit bias manifests in varying
ways. For example, one study of bias in university
classrooms divided occurrences into three cate-
gories of microaggressions: microassaults (exclu-
sion), microinsults (subtle verbal snubs largely
unknown to the perpetrator), and microinvalida-
tions (negating the experiences of marginalized
groups) [19, 38]. Role assignment within classroom
teams can be biased, with men assigned more
technical roles and females more secretarial roles
[45]. Bias has also been identified in the marks that
instructors give to students. Female students have
been shown to receive lower class participation
scores than male students despite no evidence for
this disparity in other aspects of the course (e.g.,
exam and homework scores) [39].

Explicit bias is a consciously held belief about a
person or group. Where implicit attitudes are
challenging to self-recognize, control, and measure,
explicit attitudes are overt and more readily mea-
sured by traditional assessment measures. A study
on the experiences of South Asian students in
predominantly white classrooms found that all of
the 40 students interviewed had experienced explicit
bias. [38]. Instructors report implicit and explicit
bias incidents occurring at similar frequencies in the
classroom [19]. The incidences of explicit bias most
reported by professors are the explicit use of stereo-
types, offensive jokes, and racial and ethnic slurs
[19].

2.4 Bias in Peer Assessment

Many students were concerned that when complet-
ing peer assessments, it would be “difficult to avoid
personal bias™ ([46], p. 85). While the classroom
biases discussed have focused on gender, race, and

ethnicity, peer assessment bias has also been
observed due to social style, socioeconomic status,
native language, sexual orientation, and social
entanglement [47].

Results have been mixed in studies that focus on
the overall ratings received by male and female
students. Multiple researchers have found that
female students receive lower ratings and fewer
positive qualitative comments than their male
peers [48-50]. However, other studies have shown
that males receive lower ratings than their female
peers [20, 24, 25, 51]. The mixed results extend to
analyses of the ratings given by male and female
students. In some cases, women have been found to
give higher evaluation scores than men [51]. Con-
versely, another study found that men give higher
evaluation scores and women give lower marks [49].
A study of Team-Based Learning (TBL) general
education classes showed that while gender bias in
the assessment scores was not observed, women did
more work in team activities, suggesting that their
extra work was going unrewarded [21].

Student attitudes toward peer assessment are also
inconsistent. A study of undergraduates found no
gender-based differences in satisfaction with the
peer assessment process [52]. However, more
recent research has shown that male students
report more positive attitudes about peer assess-
ment than female students [33, 53]. One of the few
consistent findings for gender effects relates to
ratings given by students to themselves. Female
students consistently underrate themselves [54—
56], while male students consistently overrate them-
selves [54, 55].

Studies of racial bias in peer assessment have
returned mixed results. Older studies have found
that individuals tend to be rated higher by members
of their own race than those of other races [57-60].
However, other work has demonstrated that this
may not be the case. In an extensive re-analysis of
Kraiger and Ford’s [60] military data, Black raters
gave higher ratings to White ratees than to Black
ratees [61]. Further analysis indicated that Black
recruits consistently received lower ratings than
White recruits from both Black and White raters
[61]. Similarly, peer ratings in a sophomore-level
engineering class demonstrated that minority stu-
dents received lower ratings than non-minority
students [49]. Finally, in some cases, no significant
evidence of racial bias has been detected [62, 63].
Recently, a study of peer assessment in large general
education classes taught using TBL found that
while students of color contributed the same
number of answers and suggestions as their peers,
they received significantly lower peer evaluation
scores than White students in three out of four
assessment areas [21].
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3. Study 1: Instructor Survey
3.1 Methods

Sixty-one instructors participated in the study,
where 54 (38 women, 11 men, 5 no answer) com-
pleted the demographics section. Forty-six partici-
pants identified as White, three participants
identified as Asian, and five participants identified
as “Other.” Forty-eight participants were native
English speakers, while six were not. Participants
spanned multiple colleges: Liberal Arts and
Sciences (18), Agriculture and Life Sciences (9),
Engineering (7), Design (7), Human Sciences (7),
Business (5), and Veterinary Medicine (1).

Participants responded to the survey electroni-
cally. Instructors were asked about the frequency,
type, and grading of peer assessment. They were
asked for their perception of bias in peer evaluation
and any training or other mitigations they imple-
mented.

3.2 Results

3.2.1 Use of Peer Assessment

Instructors conducted surveys once (17), twice (14),
three times (12), or more (13) per semester. Peer
assessment was incorporated into student grades
for 41 instructors. Over 75% (43/55) required qua-
litative feedback, typically requiring one statement
on strengths and one on areas of improvement.

3.2.2 Perceptions of Bias

Of instructors, 47.3% perceived bias in peer evalua-
tions due to gender (10 mentions), race (6), inter-

Table 1. Range of issues instructors mentioned in their replies

personal relationships (6), language (3), and
“gaming the system” (5). Selected quotes in
Table 1 illustrate the range of issues. Comments
on gender bias focused on biases women face and
self-deprecation. Instructors noted that many stu-
dents are uncomfortable giving constructive feed-
back based on cultural norms, interpersonal
relationships, or a lack of compliance.

3.2.3 Mitigation of Bias

Of instructors, 51.9% said they had taken steps to
mitigate bias. Common strategies include class
discussion of appropriate evaluation criteria (10
mentions), the instructor “checking” the evalua-
tions (7), and class discussion of sources of bias (5).
Selected quotes from instructors are presented in
Table 2. Instructors mitigated bias through team
selection to balance and maximize diversity.
Instructors also framed the evaluations as informa-
tive while emphasizing the purpose and content of
good feedback.

4. Study 2: Student Survey

4.1 Participants

Data analysis was conducted on the 342 partici-
pants who completed more than half of the survey
(203 women, 133 men, 5 no answer, 1 other).
“Gender” was analyzed for two categories (Men
and Women) due to the lack of participants in the
“other” and “prefer not to say” categories. Parti-
cipants were 18-55, with a median age of 20. Two-
hundred ninety-five participants were white, 20

Type Quote

Gender

“Females are more likely to deprecate their work in teams.”
“I have perceived sexist biases against women.”

“T’ve actually been very impressed by the maturity of the student responses but there are issues of women being
evaluated differently than men that I've noticed.”

“I’ve noticed that the ways in which feedback is given varies based on gender — women tend to be less direct
unless they are giving feedback anonymously”

Race, Ethnicity,
Country of Origin

“Students of color have raised concerns that they are not being treated fairly”
“I have had students from China tell me they are very uncomfortable giving a negative evaluation.”

“I have seen white students think that Chinese students were not taking the class seriously by not participating
when in actuality the Chinese students were struggling with the language.”

Interpersonal
Relationships

“...students not feeling comfortable saying negative things about their peers, especially bullies- so they receive
good feedback.”

“Some members seem to give higher ratings to peers automatically so as not to hurt feelings or to ‘be nice.’
Conversely, some students who have personality conflicts with a peer seem to give ratings that are much lower
than what other peers give the same student.”

“I’ve had issues of students grading assessments of their peers whom they dislike.”

Non-Compliance/
“Gaming”

“Students don’t report actual peer performance. They’re biased against the feedback form.”

“I have found in both graduate and undergraduate courses that students tend to be very uncritical of their
peers. They argue that they know how hard it is to do the work, so they should be praised for doing it rather
than have a list of comments and a rating that shows where improvement is needed.”

“Students tend not to want to honestly peer assess their team members even if they complain that the student is
not participating effectively in the team. I do not carry out peer assessment for that reason now.”

Other

“Lower SES or non-traditional students receive lower grades.”




Evaluation of Bias in Peer Assessment in Higher Education 547

Table 2. Selected quotes from instructor responses on methods of mitigating bias

Methods of Mitigating Bias — Selected Quotes

“For the qualitative responses, we do discuss that assessment should be balanced and informative. Specifically I discuss assessment as
a source of information for the student being assessed rather than a positive or negative evaluation.”

“Last spring, at the outset of class, I asked each team to anticipate the types of challenges they might encounter in the context of teams
where I have aimed to maximize for diversity (e.g., gender, farm background or not, ethnicity, race, technology, sustainability, etc.)
and asked each team to compose a team compact by consensus and then we share those statements and discuss as a whole class; before

and after rounds of Peer Evals, I talk about what constitutes constructive comments’

“I’ve stated that peer assessments shouldn’t be based on liking, but rather on actual work contributed.”

“I discuss sources of potential bias and ask students to focus on the evaluation without bias.”

“Itry to set up my teams in order to minimize bias (make sure teams are gender balanced and that there is either zero or more than one

LY}

person of color on teams to avoid someone being a ‘token’.

“T use the output from CATME to identify outlier ratings, like those that would occur from personal conflicts or attempts to
manipulate the ratings. When these kinds of behaviors are flagged in CATME, I follow-up by holding individual conferences with
each student involved to better understand the ratings that were assigned.”

Table 3. Student survey questions. All responses are Likert scale (1-Strongly Disagree; 7-Strongly Agree) unless otherwise indicated.

Question

I like working in teams on class projects.
I avoid classes that involve teamwork.

I feel that the peer assessments I have received were fair.
I feel that the peer assessments I have given were fair.

When working on a team in a class or for a class project, have you felt any biases from your teammates? (Yes/No/Maybe)
Follow-up: Please describe the bias(es) you have felt from your teammates (Free Response)

Follow-up: How frequently have you felt bias from your teammates? (Likert scale: 1-Never; 5-Always)

When working on a team in a class or on a class project, I feel respected by my teammates.

How many classes have you taken that use peer assessment? (number)

Have you felt any biases in peer assessments you have received? (Yes/No/Maybe)

Follow-up: Please describe the bias(es) you have felt in the peer evaluations you have received (Likert scale: 1-Never; 5-Always)
In what ways, if any, do you think bias could affect the peer assessments you receive from classmates? (Free Response)

In what ways, if any, do you think bias could affect the peer assessments you give classmates? (Free Response)

were Asian, 16 were Hispanic or Latinx, six were
Black or African American, three were another race
or ethnicity, and two were Indigenous American or
Pacific Islander. The variable “race’ was simplified
into two categories: Students of Color (SOC) and
White.

For 321 participants, English was their first
language. For the 19 participants who did not
initially speak English, the mean speaking time
was 18.1 years (n = 18, SD = 4.1 years). Participant
college affiliations were: Engineering (110), Liberal
Arts and Sciences (75), Agriculture and Life
Sciences (58), Human Sciences (30), Business (30),
Design (27), Graduate (6), and Veterinary Medicine
(6). All class levels were represented in the study: 66
freshmen, 63 sophomores, 67 juniors, 89 seniors,

Table 4. Overall means and standard deviations of survey results,
by question (N = 342).

Mean

Question (SD)

Like working in teams 4.1 (1.7)
Avoid classes that involve teamwork 3.2(L.5)
Feel respected by teammates 5.1(1.2)
Classmates want to be on a team with me 5.0 (1.3)
Peer assessments received were fair 5.5(1.2)
Peer assessments given were fair 59 (1.1)

and 54 graduate students. Seventeen participants
reported being international students, while 325
were not.

4.2 Procedure

Participants took the survey electronically. Partici-
pants were allowed to skip questions (summarized
in Table 3).

4.3 Results
4.3.1 Overall Results

Means and standard deviations for each Likert
survey question are reported in Table 4.

4.3.2 Differences by Gender, Race, and English
Speaker Status

Women (M =3.9,SD =1.7, N =203) liked working
in teams significantly less than Men (M =4.5, SD =
1.6, N = 133), #(328) = -3.02, p < 0.001, d = 0.36.
Women (M = 5.1, SD = 1.2, N = 203) felt signifi-
cantly less respected than Men (M = 5.5, SD = 1.1,
N=133),#328)=-3.19,p<0.001, d=0.35. Women
(M =5.4,SD=1.2, N=181) reported significantly
lower perceived fairness in assessments received
than Men (M = 5.7, SD = 1.1, N = 120), #(293) =
—-2.58, p =0.005, d = 0.28. There were no significant
differences for the remaining items.
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4.3.3 Difference by Race

White students (M = 4.0, SD = 1.7, N = 286) liked
working on a team significantly less than POC
students (M = 4.7, SD = 1.5, N = 42), #(328) =
-2.24, p = 0.013, d = 1.2. There were no significant
differences by race for the remaining items.

4.3.4 Differences by English Speaker Status,
International Student Status, and Class Level

Students whose first language was not English (M =
4.8, SD = 1.9, N = 19) perceived the assessments
received less fair than native English speakers (M =
5.6,SD=1.1,N=282)#301)=18,p=0.04,d =
0.52. There were no significant differences by inter-
national student status for the remaining items.

There were no significant differences for any of
the items by international student status.

There were no significant differences for any of
the items by class level.

4.3.5 Occurrence of Bias

Ninety-three participants (27.3%) reported they
had felt bias from their teammates, while 63
(18.5%) might have felt bias, and 185 (54.2%) had
not felt bias. Commonly felt biases were due to
gender (31 mentions), race (14), age (10), major
(11), and interpersonal relationships (20). Other
sources reported with less frequency were due to
cultural differences, academic standing, and identi-
fication as LGBTQIA+. Of those students who had
or might have experienced bias, the mean frequency
of experiencing bias was 2.5 (SD = 0.8, N = 156).

4.3.6 Bias in Peer Assessments

Thirty-one participants (9.2%) reported they had
felt bias in the peer assessments they had received,
while 31 (9.2%) might have felt bias, and 275
(81.6%) had not felt bias. Commonly felt biases
were due to gender (13 mentions), personality (8),
interpersonal relationships (10), age (5), “gaming
the system”/obligation (11), and potential retalia-
tion (5). Of those students who had or might have
experienced bias in their peer assessments, the mean
frequency of experiencing bias was 2.8 (SD = 0.9,
N =62).

4.3.7 How Bias Could Affect Peer Assessments
Received

Seven participants felt unlikely to be the recipient of
a biased peer assessment. For the rest of the
participants, friendship status (42 mentions),
“gaming the system”/obligation (34), and person-
ality (28) were the most commonly mentioned ways
in which they could be the target of bias. Other
items mentioned were gender, race, age, ability, and

perceived fluency in the language of class instruc-
tion.

4.3.8 Student Perceptions of Bias When Rating
Peers

Many participants (14) responded that they tried to
be impartial or that bias would not affect the peer
assessments they gave. For the rest of the partici-
pants, friendship status (41 mentions), “gaming the
system”/obligation (33), and personality (29) were
the most commonly mentioned ways in which they
could give biased assessments. Other items men-
tioned were gender, age, perceived ability, and
language.

5. Study 3: Peer Assessment Data
Analysis

5.1 Participants

The analysis included 3,885 students in 115 class-
rooms within the Thinkspace (Thinkspace, 2021)
learning tool. This data was linked to demographic
data provided by the Registrar using a key to
protect individual confidentiality. The dataset
assumed a gender binary and was almost equally
divided between females (1,972) and males (1,913).
Table 5 gives the breakdown of participants by race
or ethnicity. It should be noted that the Office of the
Registrar codes international students as “Interna-
tional” as opposed to racial/ethnic categories such
as “White” or “Asian.” Students coded as “Inter-
national” could be of any race or ethnicity.

Five-hundred ten students were first-generation
college students, while 3,374 were not. English was
the first language of 3,576 students, while 309
students initially spoke another language. Students
averaged 25 years of age (range: 20-62). Two-
hundred forty-six students were international stu-
dents, while 3,639 were United States natives. The
academic colleges represented were human sciences
(899), engineering (889), liberal arts and sciences
(851), business (300), design (140), interdisciplinary
(18), and veterinary medicine (6).

Table 5. Race or ethnicity of students in the dataset

Race or Ethnicity Count
White (not Hispanic) 2,964
International 246
Prefer not to indicate 185
Hispanic (Spanish American) 181
Asian 120
Black (not Hispanic) 98
Multiracial 77
American Indian or Alaskan Native 10
Native Hawaiian or Pacific Islander 3
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Table 6. Means and standard deviations by gender of reviewer and reviewee. Levels not connected by the same letter are significantly

different
Reviewer (given) Reviewee (received) Letter Report Mean SD
F M A 10.2 1.6
F F A 10.2 1.7
M M B 9.9 1.8
M F C 9.6 1.7

5.2 Peer Assessment Procedure

The peer assessments employed the Balance
Method [64], where each student is given a set
number of points to distribute among team mem-
bers. Typically, students are given 10 points per
student to distribute among their team members
(not counting themselves). For example, if a team
had five members, each student would have 40
points to split among their four team members.
The number of points to distribute may vary with
team size and instructor preference. Sometimes
instructors add other limitations, such as requiring
every student to receive a different score.

5.3 Data Analysis Procedure

The data contained 24,180 peer assessments com-
pleted between the 2013 Spring and 2018 Fall
semesters. Blank or testing data was removed
(1,123 rows). The peer assessment data was linked
to demographic data using the reviewer and revie-
wee ID codes. The demographic data included
gender, race, first language, major, college, semester
GPA, and cumulative GPA. Rows with no demo-
graphic data were removed (547 rows). For instruc-
tors who used a point value per teammate other
than 10, the peer assessment data were standardized
to be on the same scale as the rest. The final dataset
included 22,510 ratings given by 3,885 students in
115 classes.

For significant results, peer assessment scores
were analyzed using a multiway ANOVA t-with
Tukey post-hoc analysis. Specific analyses included
the effect on peer assessment scores (given and
received) based on gender, race, international
status, and English as a first language. The same
factors were analyzed for effect on GPA. A sig-
nificance level of o = 0.05 was used throughout.
Effect size was determined using Cohen’s d [65].

5.4 Results
5.4.1 Effect of Gender on Peer Assessment Score

The mean score received by males (M = 10.1, SD =
0.8) was significantly higher than the mean score
received by females (M = 9.8, SD = 0.8), F(1,
22,509) = 23.7, p < 0.001, d = 0.38). The mean
score given by females (M = 10.2, SD = 0.9) was
significantly higher than the mean score given by

males (M =9.7,SD =0.9), F(1,22,509) =228.3, p <
0.001, d = 0.47). There was also a significant
interaction between the gender of the reviewer and
the gender of the reviewee. The mean score given
by females rating males was significantly higher
than the mean score given by males rating males
(p <0.001, d = 0.18) and males rating females (p <
0.001, d = 0.36), F(1, 22,509) = 16.3, p < 0.001).
There was no significant difference between the
mean score given by females rating males (p =
0.20) and females to females (p = 0.23). The mean
score given by males rating males was significantly
lower than the mean score given by females rating
males (p < 0.001, d = 0.18), and females rating
females (p < 0.001, d = 0.24). The mean score given
by males rating males was significantly higher than
males rating females (p < 0.001, d = 0.18). These
results for the interaction of reviewer and reviewer
gender are summarized in Table 6.

5.4.2 Effect of Ethnicity on Peer Assessment Score

The mean score received by white students (M =
10.1, SD = 1.9) was significantly higher than the
mean score received by students of color (M = 9.7,
SD = 2.0, p <0.001, d = 0.22) and international
students (M = 9.5, SD = 2.6, p < 0.001, d = 0.24),
F(2, 22,507) = 36.2, p = < 0.001. The mean score
given by white students (M = 9.6, SD = 2.0) was
significantly lower than the mean score given by
international students (M = 9.9, SD = 2.0, p <
0.001, d = 0.19). There were no significant differ-
ences in the scores given by students of color and
international or white students. Additionally, there
were no significant differences in the scores received
by students of color and international students.
There was also a significant interaction between
the ethnicity of the reviewer and the ethnicity of
the reviewee. These results for the interaction of
reviewer (given) and reviewee (received) ethnicity
are summarized in Table 7 and Table 8.

5.4.3 Effect of International Student Status on
Peer Assessment Score

The mean score received by domestic students (M =
10.1, SD = 1.9) was significantly higher than the
mean score received by international students (M =
9.5,8D =2.6), p<0.001, d=0.31). The mean score
given by domestic students (M =9.7, SD = 2.0) was
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Table 7. Means and standard deviations by ethnicity of reviewer and reviewee. Levels not connected by the same letter are significantly

different
Reviewer (given) Reviewee (received) Letter Report Mean SD
International White A 10.2 2.0
Students of color White A 10.1 1.8
White White A 10.1 1.9
International Students of color AB 9.9 2.1
International International AB 9.7 2.2
White Students of color B 9.6 2.0
Students of color International BC 9.6 1.5
Students of color Students of color BC 9.6 2.1
White International C 9.2 1.7

Table 8. Statistics for the interaction of reviewer and reviewee ethnicity. Means for the levels in the first column are significantly higher

than means for the second column

Level (reviewer, reviewee) Level (reviewer, reviewee) P d

International, White ‘White, International <0.001 0.53
Students of color, White White, International <0.001 0.52
White, White White, International <0.001 0.49
International, Students of color White, International 0.002 0.36
International, White Students of color, Students of color <0.001 0.34
International, White Students of color, International 0.022 0.35
Students of color, White Students of color, Students of color <0.001 0.32
International, White ‘White, Students of color <0.001 0.35
White, White Students of color, Students of color <0.001 0.26
International, International White, International 0.016 0.29
Students of color, White Students of color, International 0.038 0.28
Students of color, White ‘White, Students of color <0.001 0.34
White, White Students of color, International 0.039 0.27
White, White ‘White, Students of color <0.001 0.31
White, Students of color ‘White, International <0.001 0.35

significantly lower than the mean score given by
international students (M = 9.9, SD = 2.1, p <
0.001, d = 0.18). There was also a significant
interaction between the country of origin of the
reviewer and the country of origin of the reviewee.
The mean score given by domestic students rating
international students was significantly lower than
that of international students rating domestic stu-
dents (p <0.001, d = 0.47). The mean score given by
domestic students rating domestic students (p <
0.001, d = 0.40) was significantly higher than
international students rating

International students (p = 0.007, d = 0.24).
There were no significant differences between
mean score given by international students rating

domestic students and domestic students rating
domestic students (p = 0.33). There were no sig-
nificant differences between mean score given by
international students rating domestic students and
international students rating international students
(p = 0.20). These results for the interaction of
reviewer and reviewee international student status
are summarized in Table 9.

5.4.4 Effect of English Speaker Status on Peer
Assessment Score

The mean score received by native English speak-
ers (M = 10.1, SD = 1.9) was significantly higher
than the mean score received by non-native Eng-
lish speakers (M = 9.5, SD = 2.2, p <0.001, d =

Table 9. Means and standard deviations by international student status of reviewer and reviewee. Levels not connected by the same letter

are significantly different

Reviewer (given) Reviewee (received) Letter Report Mean SD
International Domestic A 10.1 1.9
Domestic Domestic A 10.0 2.0
International International A 9.7 2.0
Domestic International B 9.3 22
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Table 10. Means and standard deviations by English speaker status of reviewer and reviewee. Levels not connected by the same letter are

significantly different

Reviewer (given) Reviewee (received) Letter Report Mean SD
Non-native Native A 10.1 2.0
Native Native A 10.0 1.9
Non-native Non-native A 9.7 2.2
Native Non-native B 9.3 2.1

0.28). The mean score given by native English
speakers (M = 9.7, SD = 2.1) was significantly
lower than the mean score given by non-native
English speakers (M =9.9, SD = 1.8, p < 0.001, d
= 0.13). There was also a significant interaction
between the country of origin of the reviewer and
the country of origin of the reviewee. The mean
score given by native English speakers to non-
native English-speaking students (M = 9.3, SD =
2.1) was significantly lower than the mean score
given by non-native English speakers rating Eng-
lish speakers (M = 10.1, SD = 2.0, p < 0.001, d =
0.41), native English speakers rating native English
speakers (M =10.0, SD=1.9, p <0.001, d=0.38),
and non-native English speakers rating non-native
English speakers (M = 9.7, SD = 2.0, p < 0.032, d
= 0.21). There were no significant differences
between mean score given and received in any
other pairs. These results for the interaction of
reviewer and reviewee language are summarized in
Table 10.

5.4.5 Effect of Demographics on GPA

To determine if differences in GPA could explain
the differences in peer assessment score by gender,
international student status, and native language,
we analyzed the effect of these demographic vari-
ables on GPA. The mean GPA for female students
(M =3.14, SD = 0.59) was significantly higher than
the mean GPA for male students (M = 2.93, SD =
0.67). The mean GPA for international students (M
=3.28, SD = 0.68) was significantly higher than the
mean GPA for domestic students (M = 3.03, SD =
0.63), F(1,22,509) = 227.5, p <0.001, d = 0.38. The
mean GPA for students whose first language was
not English (M = 3.12, SD = 0.69) was significantly
higher than the mean GPA for students whose first
language was English (M = 3.03, SD = 0.63), F(1,
22,509) = 21.6, p < 0.001, d = 0.14.

There was a significant main effect of race on
GPA, F(2, 22,508) = 258.3, p < 0.001). The mean
GPA for international students (M =3.28, SD =
0.67) was significantly higher than the mean GPA
for white students (M =3.05, SD = 0.62, p < 0.001,
d = 0.36) and students of color (M = 2.84, SD =
0.64, p <0.001, d = 0.67). The mean GPA for white
students (M = 3.05, SD = 0.62) was significantly
higher than the mean GPA for students of color (M

Table 11. Means and standard deviations of GPA by race. Levels
not connected by the same letter are significantly different

Letter
Race Report Mean SD
International A 3.28 0.67
White B 3.05 0.62
Students of color C 2.84 0.64

=2.84,SD =0.64, p <0.001, d=0.33). These results
are summarized in Table 11.

6. Discussion

The three studies reported above established evi-
dence of bias in peer assessment. In the student
survey, participants noted bias in the assessments
they had received and reflected on how the peer
assessments they gave could be biased. Similarly,
instructors again noted bias in their classrooms and
assessments. Finally, the evidence of bias is shown
in peer assessment scores themselves, which cannot
be fully explained by student achievement (e.g.,
GPA).

6.1 Perception of Bias in the Classroom

Study 1 indicated that many instructors (47%) have
perceived bias in peer evaluations. These results are
even higher than those reported in 2009 [44], where
27% of professors and 25% of graduate instructors
noticed bias in their classrooms. The types of biases
observed in both studies are similar, with race,
gender, and country of origin being represented.
These perceptions are given further credibility by
the results of study 3, which show that gender, race,
and country of origin can have a negative effect on
peer evaluation scores. While many of the biases
described by the instructors in this study were what
often comes to mind when reading the word ““bias”
(e.g., racism, sexism), others were specific to colla-
borative learning environments and peer assess-
ment, such as a general unwillingness to give
negative ratings or feedback. This unwillingness
to be critical of peers has been observed in other
studies of peer assessment [66, 67].

6.2 Student Perceptions of Peer Assessment

Female students reported significantly lower enjoy-
ment of working in teams, respect from teammates,
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and perceptions of fairness in their peer assessments
than men. Similarly, 66% of students who had
experienced bias in a classroom team and 60% of
students who had experienced bias in peer assess-
ments were women. These findings are consistent
with work showing that male students report more
positive attitudes about peer assessment than
female students [33, 53]. The results of the third
study demonstrate that these lower perceptions of
fairness reflect the reality of the peer assessment
scores women earn.

Student participants made many of the same
observations as instructors in terms of bias in peer
assessment due to personality and a reluctance to
give negative feedback. Descriptions of ““personal-
ity” bias again follow the general descriptions of
social style, with those who exhibit the expressive
style often being portrayed as receiving higher
ratings. However, many students mentioned bias
due to friendship, a commonly noted potential
source of biased peer assessments [68, 69].

In addition to the biases they observed, students
were asked how bias could affect assessments given
and received. Respondents often focused on the
influence of personality and friendship. However,
students noted categorical biases (e.g., gender,
language) that could influence how they rate and
are rated.

This indicates that these students are aware of the
potential for bias, which is an important first step in
mitigation [70]. When reporting on biases they had
perceived against themselves and how peer assess-
ments could be biased, students mentioned the
interconnected issues of retaliation and a general
unwillingness to give negative feedback. The atten-
tion paid to these issues by participants shows that
some students are coming into the peer assessment
process already affected by prior experiences. These
prior experiences may unwittingly lead students to
rate their peers less honestly than they otherwise
would.

6.3 Fairness of Rating by Gender

In Study 3, female raters received lower scores
overall yet gave higher scores, which is similar to
some previous findings [50, 51]. This contrasts with
May and colleagues [71], who found that men
received lower ratings overall. The finding for men
receiving lower overall ratings is often explained by
women earning higher GPAs (e.g., [24]). In the
current study, females received lower peer assess-
ment scores, and GPA does not fully explain this
discrepancy. Unlike the studies referenced here [24,
25, 71], however, the current work analyzed a large
body of data outside the realm of a single classroom
or department. Further, female raters showed no
significant differences in their ratings of males or

females. This finding could suggest that the female
raters were fairer in terms of gender.

6.4 Fairness of Rating by International Status and
Race

While the effect of gender on peer assessment scores
has received a considerable amount of study, inter-
national student status has received much Iless.
International student enrollment in the United
States has greatly increased in the past twenty
years; however, these students are often the targets
of nativism, racism, and other forms of discrimina-
tion [72, 73]. In the analysis of peer assessment
scores, domestic students gave international stu-
dents lower peer assessment scores than they gave
their domestic-based peers. Previous work has
demonstrated that international students are more
generous in their peer assessment ratings than
domestic students [74]. When race was added to
the analysis, the outcomes remained the same.
White domestic students received higher scores
than international students of any race. Conversely,
white domestic students rate international students
lower than domestic white students. In both
instances, international students had higher GPAs
than white and domestic-based students, so their
lower peer assessment scores are less likely to
explain differences in achievement.

White students received higher scores than stu-
dents of color. Conversely, white students rated
students of color lower than other white students.
These results show that the contributions of stu-
dents of color are less valued and are similar to
previous findings [21]. Unlike the comparisons of
peer assessment scores with GPA based on gender,
the students of color in this study had lower peer
assessment scores and GPAs. However, numerous
interacting factors specific to the experiences of
students of color may affect GPA. Students of
color, specifically Black, Latinx, and Native Amer-
ican students, historically earn lower GPAs than
their white counterparts [75, 76]. Students from
these groups are disproportionally working lear-
ners from low-income backgrounds [77]. This
suggests that since students of color are more
likely to come from lower-income backgrounds
and work longer hours while in college, their
GPAs suffer. Minority students often attend high
schools with lower instructional quality than white
students, which is a factor in differences in college
achievement [75]. As a result, the lower peer
assessment scores received by students of color
cannot be entirely separated from the intercon-
nected factors of bias, student team performance,
and GPA.

For women and international students, peer
assessment scores and GPA moved in opposite
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directions. Conversely, for students of color, peer
assessment scores and GPA moved in similar direc-
tions. When interpreting the results of these studies,
it should be noted that GPA is not suggested to be a
direct predictor of peer assessment score. Some
work has shown that GPA and peer assessment
scores correlate with students earning higher GPAs
and higher peer assessment scores; however, the
scope of this work is limited to small sample sizes
[78]. The present analysis of GPA and peer assess-
ment scores was conducted because GPA has been
suggested to be a potential factor in differing peer
assessment scores [24]. Nevertheless, it is possible
that other factors (e.g., student team performance)
affect peer assessment scores more than GPA or
bias.

6.5 Implications for Educators

The three studies have established the need for
further work to address potential biases in peer
assessment. Promoting awareness among students
of the potential for bias in peer assessment would be
a first step to creating fairer assessments. However,
awareness alone may not be sufficient. Bias reduc-
tion training should focus both on awareness of bias
as well as corrective actions [79]. This could be in
the form of training or active educational experi-
ences. Such training would need to be grounded in
understanding the underlying behaviors that rein-
force biased stereotypes (whether recognized or
not). More work is necessary to establish the
requirements of peer assessment fairness training
interventions.

Another implication is the need for some inter-
ventions to address bias in peer assessment. Pre-
vious work has found that faculty discomfort in
addressing non-disciplinary topics is a significant
challenge in addressing equity [80]. Faculty need
tools and strategies to address these issues. This
may include how teams are formed as well as how to
train students to provide fairer assessments.

6.6 Limitations

The studies were limited by the demographics of the
institution in which they were deployed. As most
participants were White and from the United
States, the results of these studies are not general-
izable to all students or instructors, especially
students of color, international students, and their
instructors. The student data coding of “Interna-
tional” is not a race or ethnicity. Using this code
instead of the actual race or ethnicity of the inter-
national student makes it difficult to fully under-
stand the issue of bias for students of color. Finally,
any assessment method should be evaluated for
fairness and its capability to assess diverse groups
fairly [81].

7. Conclusion

The use of peer assessment in the classroom is
associated with better learning outcomes for stu-
dents. However, the potential for bias in peer
assessment threatens these outcomes. These studies
examined the issue of biased peer assessments from
multiple perspectives. The results of the survey
studies revealed that both students and faculty
perceive similar biases in peer assessments. Addi-
tionally, the analysis of over 20,000 peer assessment
ratings revealed significant differences in peer
assessment scores received based on gender, race
or ethnicity, international student status, and native
language. These differences also extended to the
scores raters gave to various groups (e.g., female
students rating male students or female students
rating female students) and are not fully explained
by differences in achievement (e.g., GPA).

Future work in this area could conduct these
types of analyses across a more comprehensive,
more diverse set of educational institutions. While
more work needs to be done to explore the issue of
bias, it is also essential to work toward a solution.
Therefore, an important future direction for scho-
larship within engineering education is using this
work as a basis for creating peer assessment rater
training focused on fairness [83].

8. Authors Positionality Statement

As Holmes [82] notes, researchers should assess
how their positions and experiences might contri-
bute to their interpretations of the experiences of
others. Because this project involves interpreting
data relating to biases the authors may not have
experienced, it is important to state their position-
ality. The primary author is a middle-class US-born
White woman with graduate research training in
industrial engineering.

The secondary author is a US-born White man
and a first-generation US Citizen. The third
member of the team is also a US-born White
woman. All three members of the team identify as
cis-gendered. All three authors have experience
teaching undergraduate students, and two have
taught graduate students. All have employed peer
assessment in their classrooms. The research team
used reflexive practices during the research and this
positionality statement to make transparent our
relationship to the issues and data presented here
and to mitigate any potential limitations created by
that relationship. We do not seek to remove our-
selves from our positionality but to acknowledge its
presence within the work presented here.
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