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Online Peer Assessment in Undergraduate
Electrical Engineering Course

G. Naveh and D. Bykhovsky

Abstract—Contribution: This research presents a case study
of an online peer assessment (PA) implementation in a random
processes course. Students were required to submit simula-
tion assignments, and then to evaluate their peers’ submissions.
The research explored the students’ perception of the activity
throughout the course using surveys, and their behavior and
academic performance using data obtained in the course.

Background: With decreased resources and larger class sizes,
the obligatory theoretical random processes course in the elec-
trical engineering program presents a challenge with regard to
students’ motivation and assimilation of the academic material.

Intended Outcomes: In preceding research, PA was found to
provide benefits for students’ learning, without significantly bur-
dening teaching staff resources. The implementation was directed
at achieving these benefits.

Application Design: Simulation exercises were designed to pro-
vide illustrations of relatively abstract material, and PA was
instituted to facilitate better learning of the material without
imposing greater resource requirements on the teaching staff.

Findings: Results indicated that PA, although executed in
accordance with the best practices presented in the literature,
failed to achieve the benefits expected, and might even have
contributed to lower grades in the course.

Index Terms—Electrical engineering education, higher educa-
tion, peer assessment, student assessment.

I. INTRODUCTION

THE INTRODUCTORY random processes course is an
obligatory fundamental course in the advanced under-

graduate electrical engineering program. It is often considered
by students to be abstruse, irrelevant, and hard, resulting in
low motivation and a high percentage of students’ failure.

Seeking a remedy for this situation, it was decided to shape
a more practical and illustrative course and, thus, a simulation-
based pedagogical approach, as proposed by Kay’s [1] text-
book was adopted. For example, the result of a very simple
simulation of a random walk process that illustrates the
central limit theorem and results in an odd-integer-valued
{±1,±3, . . .} Gaussian-like distribution is presented in Fig. 1
(simulation details are presented in Appendix A). While simu-
lations are an excellent tool for illustrating the studied material,

Manuscript received February 24, 2020; revised June 23, 2020; accepted
July 4, 2020. (Corresponding author: D. Bykhovsky.)

G. Naveh is with the Industrial Engineering Department, Shamoon College
of Engineering, 8410802 Be’er Sheva, Israel.

D. Bykhovsky is with the Electrical and Electronics Engineering
Department, Shamoon College of Engineering, 8410802 Be’er Sheva, Israel
(e-mail: dmitrby@ac.sce.ac.il).

Digital Object Identifier 10.1109/TE.2020.3007853

Fig. 1. Random walk simulation example with the odd-integer-valued
Gaussian-like distribution result.

active learning via hands-on practice facilitates reinforcement
of the theoretical material [2].

One of the common approaches adopted to encourage stu-
dents to become familiar with simulations is to give illustrative
assignments that relate between the theory and the simula-
tion results. Providing feedback to the students and grading
the assignments is an important pedagogic tool that has been
found to be the most valuable [3]. Both automatic and “man-
ual” feedback in this field are challenging and time consuming
and require considerable resources.

One possible approach for providing feedback for numerous
assignments is to use peer assessment (PA). In this technique,
each student provides feedback and grades to a few assign-
ments of his peers in the course. It was decided to adopt this
technique due to its reported benefits in the literature (see
Section II).

Two approaches were experimentally applied in the course:
1) numerical simulations and 2) PA, anticipating a synergy that
will promote students’ motivation and understanding while
requiring no extra resources from the teaching staff.

The remainder of this article is organized as follows. The
next section presents relevant research, highlighting the bene-
fits of PA as found in the previous literature. The methodology
used in the course and its evaluation is presented in Section III.
Next, the results of the evaluation are presented (Section IV)
and finally, these are discussed in Section V.

II. RELATED WORK

PA, a process in which individuals are rated by their
peers [4], has been increasingly used in teaching, following
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the notion that multiple assessment methods, specifically
those that involve the students, support the development of
a more responsible and reflective student [5]. PA may be
performed in numerous ways: assessment of groups or indi-
viduals, of written or oral assignments, by peers with the
same or with different capabilities, performed anonymously
or nonanonymously, etc. [6].

PA has been the focus of numerous studies but the use
of PA in higher education has received limited attention [7].
Research on PA in engineering higher education is even
scarcer [8]. Furthermore, some of the published research in
the context of science and engineering is focused on assign-
ments that are of a social science nature, such as writing
reports or an essay (e.g., [9] and [10]). For example, Calibrated
Peer Review, a Web-based, instructional tool for PA of writ-
ing assignments, used in hundreds of courses and discussed
in tens of research studies, originated from science disci-
plines, but is focused on writing assignments; this is an
important skill in all disciplines, but is, nevertheless, dif-
ferent in its nature from most assignments in engineering
courses.

PA in higher education is used for two main reasons [11].
One is the reduction in teaching resources and the increase
in class size, which poses unrealistic demands on instructors
who wish to provide feedback to their students (e.g., [12]
and [13]). The other is the advantages this pedagogy was found
to provide in the previous research, such as increased motiva-
tion and involvement [14], promotion of the development of
soft skills, such as self-management and communication [15,
and references therein], a greater sense of accountability and
greater volume, immediacy, and quality of feedback [16], [17],
more time spent on the assignment (and thus more practice),
enhanced learning [10], and improved learning outcomes [18].
Furthermore, some researchers claimed that PA contributes to
the development of teamwork skills and is a unique setting
that facilitates individual feedback in a collaborative effort
(e.g., [19]–[22]).

The findings regarding the benefits above are mixed, with
some negative results of PA with regard to feedback and mark
accuracy and students’ attitudes toward the process. Exploring
the validity and reliability of grades received by peers produces
inconsistent results. For example, Topping [23] found more
(18) research studies that provide evidence of the reliability
of PA than those (7) that found that the pedagogy produced
marks significantly different from those given by instruc-
tors. Similarly, some research studies found students’ attitudes
toward PA to be positive, while others reported negative per-
ceptions [5]. Furthermore, some research studies found these
mixed results in the same research. For example, Cassidy [24]
surveyed 41 second-year students immediately after perform-
ing PA and asked them about their feelings regarding giving
and receiving assessment to and from peers. Results show
that 61% of them reported they enjoyed assessing their peers
and 51% felt uncomfortable with the task. Instructors have
additional concerns, such as the time required for the imple-
mentation of the pedagogy [25], the motivation of students in
performing the task, and the adequacy of the online platforms
that support online PA [15].

In fact, it is not clear which factors best facilitate the suc-
cess of an implementation of the PA pedagogy. A relatively
consistent factor found in the literature addresses the compe-
tence of the assessors; specifically, training and practice are
found to improve the reliability and validity of PA and pos-
itively affect student attitudes [26]. With regard to desirable
matching between the assessors and the assessees, the findings
are mixed and complex [27]. Findings regarding the preferable
form of feedback, revealed by Strijbos et al. [28], drew an even
more complex picture. They found that detailed feedback from
competent peers was perceived to be beneficial, despite other
negative effects, while concise feedback was perceived to be
more effective overall. Cho and MacArthur [29] also focused
on the form of feedback in PA and found that nondirective
feedback was more supportive in improving the quality of the
task performed. Seeking a generic approach, Topping [6] inte-
grated results from several research studies and suggested a
list of over 50 variables that should be explored in further
research. Li et al. [30] performed meta-analysis of 69 papers
regarding the accuracy of peer marks and their correlation
with teacher grading and, based on Topping’s earlier work
and others, identified 17 variables that might affect the proce-
dure’s outcomes. They found nine variables that might enhance
student’s grading accuracy: 1) using paper based (not online
PA); 2) nonmedical/clinical subject matter; 3) graduate-level
courses; 4) addressing individual (rather than group) work;
5) randomly matching assessors and assessees; 6) making the
PA voluntary; 7) nonanonymous; 8) supplying qualitative com-
ments as well as scores; and 9) involving the students in the
preparation of the rubric. Some of these findings are con-
trary to other research findings; for example, Panadero and
Alqassab [31] performed a narrative review and found that
anonymity, among other aspects, elevated students’ percep-
tions of the learning value of PA, improved feedback, and
slightly improved performance. Indeed, performing PA with a
minimal negative effect, on the one hand, and making a mean-
ingful contribution to students’ learning and skill development,
on the other hand, seems to be complex and clear conclusions
are elusive [19]. These findings suggest that PA has several
benefits to offer if incorporated into a course, but achieving
these benefits is not straightforward.

III. METHODOLOGY

In this section, the methodology employed in the course is
presented, followed by a description of the methodology used
to evaluate the results of PA implementation in the course.

A. Peer Assessment Context and Process

The PA approach was introduced in the fall semester of the
2018–2019 academic year in a random processes course, a
mandatory third-year course in the Department of Electrical
Engineering in an engineering college. In order to recruit the
cooperation of the students, the idea and its benefits, as well as
details of the process, were presented to them at the beginning
of the course. With the aim of focusing the introduction to the
assignment given to the students on its pedagogical benefit,
the presentation was conducted by a member of the college’s
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Center for Promotion of Learning and Teaching (and one of
the authors of this article). Close to an hour in the lecture
was devoted to answering students’ questions and concerns
regarding the process and the requirements.

Students were required to submit six MATLAB simulation
exercises from a pool of seven exercises and provide feedback
and grading to three other students for each exercise (total
of 18 feedbacks). The goal of the simulation was to illus-
trate course material. The assignments required 10–15 lines
of MATLAB code accompanied by a brief theoretical expla-
nation. The PA was double blind, i.e., students did not know
who they are assessing and who is assessing them, in order
to minimize bias stemming from relationships among stu-
dents [17], [32]. Students were provided with a solution and
a grading rubric to guide them through the assessment. In
order to keep the task short and simple, students were asked
to grade and comment on their peers’ work with regard to
only two criteria—the theoretical calculation and the simula-
tion itself. For each aspect, they were required to indicate their
evaluation in accordance with four alternatives: 1) answer is
missing; 2) answer is wrong; 3) generally correct but not com-
pletely accurate/full; and 4) completely correct and accurate.
Only students that submitted an assignment were eligible to
assess their peers.

A MATLAB personal-use license was provided for all stu-
dents. The learning management system (LMS) used in the
course was Moodle, with PA implemented using workshop
activity in the module (some technical comments regarding
the Moodle application for PA are presented in Appendix B).
The grades of the exercises, calculated for each student as the
average of the three assessments he or she received for each
exercise, were 10% of the final grade in the course (6% for
the exercise and 4% for the PA), while the remaining 90%
were assigned to a midterm (15%) and the final exam (75%).

B. Evaluation

Three aspects of the process were examined. One was con-
cerned with the students’ perception of the process and its
outcomes, the second focused on the way they conducted
the PA, and the third examined the impact on academic
performance.

In order to evaluate the students’ perception, they were
asked to fill out questionnaires three times.

1) At the beginning of the semester, after the idea of PA
was introduced.

2) After submitting four assignments, performing PAs for
these assignments and receiving their peer evaluation for
these assignments.

3) After the final exam in the course.
The questions in the three questionnaires were identical other
than the tense used (future, present, and past, respectively).
The last questionnaire contained additional questions regard-
ing the simulations, demographics of respondents (age and
gender), and some reflective questions on the process. In the
questionnaire, students were asked to indicate their level of
agreement on a five-point Likert scale [33] ranging between 1

(totally disagree) and 5 (agree completely) regarding state-
ments concerning the impact of the PA on learning and
motivation to learn, as well as the cognitive and emotional
efforts required, and their general satisfaction with the peda-
gogy. Students were offered compensation for the time devoted
to filling out the survey in the form of two bonus points
to their final grade in the course if they filled out all three
questionnaires. Students were asked, but not required, to pro-
vide identifying information to facilitate the analysis of paired
responses.

Next, the behavior of students as they performed the PA was
examined. Specifically, the percentage of the students perform-
ing PA out of those submitting the assignment was computed
and the frequency of grades assigned for each assignment was
calculated.

Student performance, the third dimension of the evaluation
that was explored, was evaluated compared to the previous
year, as the course was being taught by the same instruc-
tor, using the same pedagogies (apart from the assignments
and the PA), and covering the same material. Specifically, the
correlation between the grades in the assignments (given by
the teaching assistant in the previous year and by peers in
the discussed semester) and the other grades in the course
(midterm and final exams) were examined. Another examina-
tion explored students’ general academic performance in the
course compared to the performance in previous years.

IV. RESULTS

Following the methodology presented in the previous sec-
tion, students’ perception of the process is presented, followed
by the results of the analysis of their behavior and academic
performance.

A. Students’ Perception of Peer Assessment

Out of 105 students enrolled in the two cohorts of the
course, 93 (88.6%) students filled out the first survey, 70
(66.7%) filled out the second, and 80 (76.2%) filled out the last
survey. Students’ attitudes toward the PA were generally not
favorable (see Table I). The first five statements (#1– 5) that
had the highest score are concerned with the negative effect
of the process—the effort and resources it requires and the
cognitive and emotional burden it presents. The lowest aver-
age ratings were assigned to the expected positive effect of the
pedagogy—its contribution to learning and motivation, as well
as general satisfaction (statements #10– 17). In between the
highest scores assigned to the negative effects and the lowest
scores assigned to the positive effects and general satisfaction,
lie the statements regarding the students’ ability to perform
the PA and its quality (statements #6– 9). The average scores
of these groups of statements for all three surveys and their
standard deviation are detailed in Table I.

Fig. 2 presents the changes in students’ perception of the
contribution of PA to learning and motivation (statements
#10– 12) throughout the surveys (width of objects represents
the relative number of responses). Trend lines clearly indicate
that students found the PA activity to have a less positive effect
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TABLE I
AVERAGE SCORE AND STANDARD DEVIATION OF STATEMENTS REGARDING PEER ASSESSMENT

Fig. 2. Change in the perception of the negative effect of PA (Statements
#10– 12, S1: Survey 1, S2: Survey 2, and S3: Survey 3).

on motivation and learning after performing it than before per-
forming it. Fig. 3 presents respondents’ perception on general
satisfaction from PA (statements #13– 16). These results also
indicate a negative change of these perceptions at the end of
the semester compared to their perception prior to performing
the task.

Thirteen students provided identifying information and filled
out two or three surveys, enabling a more accurate exploration
of the shift in their perception of the pedagogy during the
course. Comparing these students’ responses to the different
surveys supports the previous finding of a negative shift in

Fig. 3. Change in the perception of the general satisfaction from PA
(Statements #13– 16, S1: Survey 1, S2: Survey 2, and S3: Survey 3).

students’ perception, but reveals a slightly more complicated
picture. Students changed their perception on some items for
the better and reported a more negative approach on oth-
ers. Counting the negative changes (e.g., lower agreement in
a later survey to the statement “peer assessment makes the
course better”) and the positive changes (e.g., higher agree-
ment in a later survey on such statements) reveals that most
students (62%) had more negative changes in the opinion they
expressed on the statements presented to them (see Fig. 4).
The shift for the students with more negative changes was
also stronger, as overall 52 statements’ responses got a more
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Fig. 4. Perception shift of self-identified students.

positive response over time while 84 got a more negative
response over time. Furthermore, on 13 out of 16 statements,
more students expressed a less favorable opinion on the peda-
gogy in a later survey than those whose opinions shifted for the
better. The shift concerning the contribution of PA to learning
is most preponderant. On those three statements (#10– 12), the
number of students whose opinion improved was between 1
and 3, and the number of students whose opinion diminished
was between 7 and 9 (the rest of the students had no change
in their perception of the contribution of PA to learning).

Students’ responses to a final open question focused on the
previously identified factors, such as social and emotional con-
cerns, the resources demanded (mainly time), and the skills
required to perform PA. Very few students indicated a very
positive approach; for example, one student wrote “clear and
worthwhile” and another “excellent, highly recommended.”

B. Students’ Peer-Assessment Behavior

Analysis of students’ conduct in the PA revealed two main
findings. The first concerns the relatively high percentage of
students choosing not to perform the PA at all. As shown in
Fig. 5, between 10% and 20% of the students submitting the
assignment chose not to perform the assessment.

The second finding is the students’ tendency to give dispro-
portionally high grades (see Fig. 6). Between close to 70% (in
the first assignment) and above 95% (in the last assignment)
of students graded their peers with (only) the highest grade. A
random check by the instructor of some assignments graded
with the highest grade found some of them to be extremely
poor.

C. Students’ Academic Performance

In order to explore the true value of PA, the correla-
tions between the three components of the grades in the
course (homework assignments, midterm, and final exams)
were explored both in the discussed semester (fall semester
of 2018–2019 academic year) and in the previous one (fall

Fig. 5. Percentage of students who did not grade others (among those that
submitted the assignments) for each homework assignment.

Fig. 6. Percentage of students who graded others with the highest grade for
each homework assignment.

semester of 2017–2018 academic year), where assignments
were randomly checked by the teaching assistant in the course.
The correlations are outlined in Table II (students who were
exempted from a homework assignment or the midterm exam
due to special personal circumstances were excluded). The
results indicate a similar correlation between the grade com-
ponents with both grading approaches. A comparison between
the correlations was tested using Fisher’s test statistic [34].
The test result indicates that the interyear difference between
correlations is not significant (the null hypothesis is not
rejected).

Students’ grades in the course were examined and com-
pared to previous years in order to get some indication of the
effect that the new pedagogy had on academic performance
(Table III). This effect is also visualized in Fig. 7. It can be
noted that the lower average grade is mostly attributed to stu-
dents who failed the course. This fact also explains the higher
difference between the median and the average in the 2018–
2019 academic year compared to previous years. Moreover,
the percentages of failures in the final exam and a second-
chance final exam (to which students enrolled in the course
are entitled) were approximately 20% in previous years and
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TABLE II
CORRELATIONS BETWEEN GRADE FACTORS

(YEARS 2017–2018 AND 2018–2019)

TABLE III
ACADEMIC PERFORMANCE OF THE STUDENTS IN THE

COURSE IN THREE YEARS

Fig. 7. Visualization of the grades during the preceding three years (width
represents the frequency of the grade).

close to 40% in the course deploying PA pedagogy (taught by
the same instructor).

V. DISCUSSION AND CONCLUSION

The results indicated that none of the objectives of the
implementation of PA were attained. First, students’ initial per-
ception of the pedagogy was not positive and did not improve
after experiencing it, as was hoped. Their view of the con-
tribution of PA to their learning and motivation, as well as
their general satisfaction, declined slightly over the course.
Furthermore, a considerable percentage of the students chose

not to perform the PA at all, and as the semester progressed,
more chose to give their peers the highest mark, regardless of
the assessed student’s performance. This behavior may be both
the source and the effect of students’ perception of the peda-
gogy. It is possible that due to their negative approach some
chose not to perform the PA and some of them who did assess
their peers chose to give them the highest mark, regardless of
the quality of the work being assessed. It is also possible that
as the semester progressed, students found that not performing
the PA or assigning the highest grade regardless of the work
quality was easier and had little effect on their grade, which, in
turn, generated a decline in their perception of PA. Students’
behavior might also stem from their perception of student and
instructor roles and their belief that assignment assessment by
students was inappropriate. An additional possible considera-
tion on the part of the students that might have contributed
to their behavior was the weight assigned to the homework
assignments and their assessment—the six assignments (and
their 18 corresponding PA) comprised only 10% of the final
grade.

Another interesting change that might be attributed to the
simulation and their PA was a lower academic performance in
the course compared to previous years. As the instructor, other
teaching approaches and the material remained unchanged,
it is reasonable to consider that the pedagogy deployed did
not promote students’ learning for, and performance in, the
final exam, when compared with the previous pedagogy—
assignments assessed randomly by the teaching assistant.
Surprisingly, a correlation between the assignments grade and
the other grading components in the course (midterm and final
exams) was found, similar to the preceding year when PA
was not deployed. Again, both cause and effect may explain
these results. On the one hand, it is possible that students who
worked on the assignment learned from the process, regardless
of the way they performed the PA. On the other hand, it is
possible that high achieving students were the ones submitting
the assignments and receiving higher grades on the assignment
and on the exam.

The results of the PA implementation in the course sug-
gested that the teaching staff was unable to convey and
implement the benefits of the pedagogy in this course, despite
devoting time and thought to the procedure [16], [17] and
deploying some best practices suggested in the literature, such
as providing examples and a grading rubric to the students,
using double-blind PA [23], assessing individual work, match-
ing assessors and assessees randomly, and including marks and
feedback in the assessment [30].

Furthermore, it is possible that some minor changes would
make a significant difference, as suggested by Boud and
Holmes [16], and/or that the effort was just not sufficient to
shift the students’ mindset and support them in performing
the PA task, as demonstrated by Keeney-Kennicutt et al. [9]
who made effective changes and refinements to their pedagogy
over seven semesters. This notion is supported by Duzer and
McMartin [19], who found that student’s experience and fur-
ther training improved their attitude. Hopefully, such efforts
would result in a better level of perception and grading relia-
bility than observed in this study, perhaps with the support of
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some quality control of the grading (with the students being
notified of the control in advance). In such a case, the use of an
alternative tool to the Moodle workshop (e.g., Calibrated Peer
Review), which has been proved to be useful in supporting
the instructor’s supervision, may be used.

The disappointing outcomes of PA integration in this
research, along with the relatively small body of knowl-
edge regarding PA in engineering higher education and mixed
results with PA in education, in general, suggested that further
exploration regarding critical success factors of PA in educa-
tion is required. Following some of the dimensions identified
by Topping [6] and Li et al. [30] and focusing on assign-
ments of a methodological and quantitative nature common
in engineering, may shed some light on this complex issue
and perhaps support the formulation of simpler guidelines
for instructors interested in gaining the benefits PA can offer
for engineering education. Additionally, the findings of this
research raise some interesting questions regarding students’
motivation when performing PA. Specifically, exploration of
the degree of internalization and integration of motivation for
students’ involvement in PA could make a significant contribu-
tion to the body of knowledge. It seems that Keeney-Kennicutt
et al. [9] achieved higher internalization and integration of
motivation by repeatedly discussing the teaching philosophy
with the students (among other actions taken). In contrast,
Wang et al. [35] suggested that students’ marking strat-
egy may be regarded as gaming behavior, and deploying a
dynamic game theory model with awards and punishments
might improve the process by harnessing students’ external
motivation to improve PA outcomes. Exploring this spectrum
of motivation may support the development of best practices
since it is apparent that internal motivation is more power-
ful than external motivation in the context of learning, yet is
harder to achieve by instructors [36].

The main contribution of this article lies in providing a
detailed case study that demonstrated the complexity of the
implementation of PA in engineering education. Although best
practices were employed, the usage of PA generated nega-
tive effects on students’ perceived learning and motivation.
Moreover, it seems that the use of PA may have contributed
to lower average grades and a higher percentage of student
failure in the course.

The research’s main limitation is its methodology—it is a
case study and in order to be able to make some generalization
of its findings, numerous case studies in similar settings should
be done. Alternatively, experiments isolating a specific variable
(i.e., the nature of the assignment being peer assessed) may
facilitate a more generalized understanding.

APPENDIX A
RANDOM WALK

Consider a random walk process of the form

x[n] =
n∑

k=0

w[n]

where w[n] gets ±1 values with equal probability, and w[n]
and w[m] are identically and independently distributed. It can

Fig. 8. MATLAB code for the simulation x[50] that is the outcome of 105

process realizations.

be easily shown that

E[x[n]] = 0

Var [x[n]] = n + 1.

Moreover, for a sufficiently high n, the distribution of
x[n] is Gaussian, following the central limit theorem, i.e.,
x[n] ∼ N(0, n + 1).

An example of the distribution of x[50] that is the outcome
of 105 process realizations is presented in Fig. 1. While the
presented result is mathematically straightforward, its simula-
tion is a neat example since the resulting Gaussian distribution
is odd-integer valued. Moreover, a basic MATLAB realization
of this process simulation requires only a few lines of code
(Fig. 8).

APPENDIX B
NOTES ON WORKSHOP MODULE OF MOODLE FOR

IMPLEMENTATION OF PA

The “workshop” activity of Moodle was used for the imple-
mentation of the PA activity. In the following, some technical
difficulties related to this module and its suitability for further
research on the subject are pointed out.

Currently, workshop activity does not offer the possibil-
ity of the bulk download of students’ submissions (issues
MDL-40879 “bulk download submissions” and MDL-43542
“need to be able to export entire contents of workshop activ-
ity”) [37]. This feature is essential for both convenient grading
by the staff and the effective application of plagiarism cross-
check. Moreover, an export of student responses feature is also
missing (issue MDL-20149 “export workshop responses to a
spreadsheet” [37]). Since these features are essential for effi-
cient and convenient research on the subject, a researcher may
want to consider alternative tools for the purpose of PA until
these issues are resolved.
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