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Abstract—Courses at the Master’s level in automatic control and
signal processing cover mathematical theories and algorithms for
control, estimation, and filtering. However, giving students prac-
tical experience in how to use these algorithms is also an important
part of these courses. A goal is that the students should not only be
able to understand and derive these algorithms, but also be able to
apply them to real-life technical problems. The latter is achieved
by assigning more time to the laboratory tutorials and designing
them in such a way that the exercises are open for interpretation;
an example of this would be giving the students more freedom to
decide how to acquire the data needed to solve the given exercises.
The students are asked to hand in a laboratory report in which
they describe how they solved the exercises. This paper presents
a double-blind peer-review process for laboratory reports, intro-
duced at the Department of Electrical Engineering, Linkoping Uni-
versity, Sweden. A survey was administered to students, and the re-
sults are summarized in this paper. Also discussed are the teachers’
experiences of peer review and of how students perform later in
their education in writing their Master’s theses.

Index Terms—Critical thinking, laboratory work, peer assess-
ment student learning, peer review, student self-assessment, team-
based projects.

I. INTRODUCTION

CIENTIFIC publications are usually peer-reviewed by
other researchers before being published. Despite the
fact that this is a major part of scientific work, students rarely
practice giving criticism and presenting their point of view
clearly [1]. This publication describes a peer-review process
applied to lab reports in automatic control and signal processing
courses at Linkdping University (LiU), Linkoping, Sweden.
To the best of the authors’ knowledge, this paper is the first
to evaluate the introduction of such a process in these specific
subjects. The assumption underlying the introduction of the
process was that if the students were required to read, question,
and assess their fellow students’ reports, as well as to propose
and communicate alternative solutions, they would be forced
to spend more time on the task. Through the repeated exposure
to the subject matter content, they would thereby acquire an
increased understanding of the subject.
The engineering profession is practical, and the aim of the en-
gineering education is to prepare students for their working life.

Manuscript received January 24, 2012; revised May 26, 2012; accepted July
23,2012.

The authors are with the Department of Electrical Engineering, Linkoping
University, 582 83 Linkdping, Sweden (e-mail: lundquist@isy.liu.se; ms@isy.
liu.se; karl@isy.liu.se; torkel@isy.liu.se).

Color versions of one or more of the figures in this paper are available online
at http://ieeexplore.ieee.org.

Digital Object Identifier 10.1109/TE.2012.2211876

In the education system, it is only in the lab that students are con-
fronted with practical exercises. Labs can be divided into three
types, depending on their purpose [2]. A development lab is used
by engineers who need experimental data to design and specify
their products and to validate that the products meet require-
ments. General questions are analyzed in a research lab, without
there being a certain product in mind. An education lab is aimed
at transmitting to students a body of knowledge that practicing
engineers are expected to master. The intention at LiU has been
that, in the last years of the Master of Science program, the labs
should be a bit closer to research labs, thus moving away from
the traditional education labs with predefined solutions. Peer re-
view of the students’ lab reports was introduced in 2010 as a part
of this move toward more research-like labs. Courses in signal
processing and automatic control comprise a mixture of theory
and practice. In the labs, the students are asked to use their ob-
tained theoretical knowledge to solve practical problems. This
requires significant effort and understanding of the subject; a
peer-review process allows the students to deepen this under-
standing. Furthermore, the existing course design, including a
lab section with a written report, is well suited for introducing
a peer-review system very similar to a journal paper review
system.

Most electrical engineering students at Linkdping University
do their Master’s theses in companies rather than, say, a uni-
versity research group. In companies, they are typically given
various real-life problems to solve, and it is important for them
to be prepared for this. The labs in the advanced-level courses
are deliberately designed, within the limits of the available time
and resources, to be as similar as possible to a real-life tech-
nical problem that students may encounter during their Master’s
theses and future careers. Writing technical reports is common-
place at many companies, and the lab reports serve as a prepara-
tion for this. Thus, if peer review can improve students writing
skills, it is likely to prove of future benefit to them as they tackle
real-life engineering problems. These improved writing skills
also benefit the students when they write their Master’s theses.

The peer-review process includes giving and receiving crit-
icism and justifying one’s position in a comprehensible way.
Topping [3] gives a good overview of the literature and how the
parameters to be considered in a peer-review process should be
used. Such parameters include whether the reviewers grade pa-
pers or give written or oral assessments. Other parameters are
the degree of teacher involvement in the process, the degree of
anonymity, and so on. The students appreciate their work being
reviewed by several people rather than just the teacher; they
believe that this can provide a fairer assessment [3], and they
can often get more detailed feedback on their work. Disadvan-
tages include the potential for embarrassing situations and that
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Fig. 1. Course structure. Data collection is part of the pre-lab. Students then
perform the actual lab; peer review is part of the post-lab.

the process is more demanding and strenuous, and less accurate,
than if the teacher does the job.

This paper is organized as follows. Section II discusses lit-
erature related to this work. Section III describes how the labs
and the peer-review process are organized. Section IV summa-
rizes and discusses the results from interviews with students and
teachers, a student survey, and comments from course evalua-
tions. Finally, Section V draws conclusions and gives directions
for future work.

II. RELATED LITERATURE

Before the authors started to design and implement the peer-
review process, a literature survey was performed; the results,
and their relevance to this study, are described here.

A. Laboratory Work

The lab is an integral part of the course; this should be em-
phasized by pre- and post-lab elements in the course [4], [5].
In the courses discussed here, the pre-lab is the data collection
that happens at the start of the courses, before students have
been taught the material required to perform the lab exercises.
Then, throughout the course, the students perform the exercises
in groups, using the data they collected themselves. This cre-
ates opportunities for them to process data and perform labo-
ratory work on their own, whenever they choose. The post-lab
element is the peer-review process, as shown in Fig. 1.

The main objective of laboratory work is, according to
Kirschner and Meester [6], to teach general methods that
students will use in their professional lives. To teach laboratory
skills is of great benefit to laboratory technicians, but less
beneficial for graduate engineering students. Hofstein and
Luneta [4] refer to a number of studies showing that much of
the time in the laboratory is devoted to coping with technical
details, which limits the time that can be used for meaningful
learning. Students rarely remember details; instead, the time is
better used if students manage to obtain fundamental insights
into the subject, which can be applied to other problems in
their professional lives. For this reason, in the LiU labs, the
data-collecting equipment and software are already prepared so
that, during the pre-lab, the students only have to focus on the
experimental design, such as where to place sensors for optimal
data collection.

Laboratory work is usually less formal than traditional class-
room teaching, creating other social conditions, particularly
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with regard to the interaction between students and teachers.
Hofstein and Luneta [4], [7] refer to a number of studies
showing that students learn more when collaborating than
when working on their own. Colosi and Zales [8] are critical of
formal labs and show that cooperation and student involvement
is important for optimal learning. By letting the students collect
their individual datasets in the LiU courses, they can cooperate
in finding solutions. Since the datasets differ between groups,
they cannot copy each other’s solutions, but are only able to
discuss conceptual questions with each other.

If student performance is not assessed, it may lead to the
lab being seen as a less important part of a course. According
to [9], this depends largely on teachers’ lack of experience
in assessing student performance in the lab fairly. Feedback
and understanding that occur in the assessment are important,
but in reality a teacher often grades “pass” or “fail,” without
commenting on the student’s choice, methods, or mistakes. The
authors view the peer-review process as a method to increase
feedback.

B. Peer Review in Education

Topping and Ehly [10] describes various forms of assess-
ment. Open criticism of the essay form is considered more valu-
able than the scores. In a more formal process where students
are asked to write a review report, the students tend to become
more responsible and think about their questions and criticisms
carefully. When students compare others’ work with their own,
they will often reassess their own work, discover weaknesses,
and identify opportunities for improvement. Peer review should
also be conducted throughout the course, rather than at the end.
These ideas have been adapted in the LiU courses, and peer re-
view is included as a post-lab within the course.

Berry and Fawkes [11] investigated how peer review affected
lab report writing in two chemistry courses. Their previous
impressions were that the quality of the students’ writing was
often poor. Theorizing that students are more likely to improve
their writing when they know that the target audience is their
peers rather than the teaching staff, see, e.g., [12], a peer-review
system was implemented. Mainly positive comments were re-
ceived, with most students feeling that reviewing others was
better than being reviewed. Berry and Fawkes intentionally
tried to avoid creating an atmosphere in which students graded
and assessed each other, and as a consequence, they no longer
distribute the reviews to the reviewed students. Berry and
Fawkes concluded that the students who participated in peer
reviewing improved their writing skills.

When designing a peer-review process, it must consider what
is standard and what is reference. Since there is no archive of
good reports, and no sample reports are provided, students must
assess each other’s reports on their own initiative. This assess-
ment is thus very likely to vary. It is important that the teacher
clearly communicates what is considered important in the as-
sessment [10]. Liu ez al. [1] and Trautmann [13] suggest guide-
lines or instructions that students must follow when carrying
out the assessment; these instructions were used as a basis for
the guidelines to the students in the LiU course lab handouts.
Pelaez [14] used a system where students are encouraged to read
and evaluate three reference statements, then to compare their
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evaluation with a professional evaluation, before being allowed
to assess each other’s reports. Woods [15] presents an iterative
approach to detect and correct bias in the assessment.

An aspect of peer review seldom elaborated on is how to best
match reviewers and authors. This is typically done by random
assignment. Crespo ef al. have considered an adaptive strategy
for assigning reviewers to authors [16]. The worst-case scenario
is a student with difficulties reviewing another student with diffi-
culties because neither benefits much from the experience. This
was not considered in the LiU courses since it would have re-
quired setting up student profiles in advance.

Many of the theses presented above are based on assump-
tions and experience. There are only few studies on the effects
of peer review. Pelaez [14] compared students who completed
a problem-based task plus peer review to students who learned
the same material in a classical way with lectures and exercises.
The former performed better on the test than the latter. Traut-
mann [13] conducted a comprehensive study on students who
subsequently had the opportunity to resubmit their work. She
shows that students who carry out peer review are more likely to
update, revise, and improve their own work for a second submis-
sion than are students who only review their own work. She also
examined the impact of obtaining criticism versus criticizing
others. Students who receive criticism are more likely to revise
their reports. Eibeck [17] describes a review system for course-
ware, which is supposed to be made available in a database.

A side effect of the peer-review procedure is that reviewers
may pick up innovative ideas and incorporate them into their
own work. Topping [3] describes a study in which students as-
sessed each other’s work. Half the group received feedback on
the assessment; half did not. The group was subsequently asked
to improve their work and submit it again. There turned out
to be no significant difference between groups. This shows the
effect of “learning by assessing.” Liu et al. [18] analyze the
learning effects and student perception of peer review. Student
performance was enhanced when their work is peer-reviewed,
they also displayed higher-level thinking skills such as critical
thinking, planning, monitoring, and regulation. McGourty [19]
had students work in team-based projects and rate themselves
and each other through a computer-based survey. McGourty
concluded that students can play an active role in their own de-
velopment and assessment. A special use of peer review can be
found in software engineering [20]. Here, the aim is to scruti-
nize another person’s code to discover programming errors and
improve quality. Since this is used with great success in many
companies, it is argued that it should also be an important part
of the engineering education.

There are different opinions on whether peer review saves
teacher resources. Topping [3] concluded that in the short
term, before the system has been established, it requires more
resources than expected. These resources will be moved from
the actual assessment of work to organizing, monitoring, and
mentoring the students. However, students’ review reports and
questions let the teachers gain new insights into the students’
understanding, learning, and their perceptions of course goals.
For these reasons, the teachers are allocating resources to
supervising students in the LiU courses so as to detect promptly
systematic errors in the process. Carlson et al. report experi-

i

Fig. 2. Example of a data collection setup in the Sensor Fusion course. The
moving robot emits a sound impulse, and the students are supposed to estimate
the position and motion based on collected microphone data. The students are
free to position the microphones wherever they like on the table.

ences from introducing peer review into an engineering design
course [21] using a Web-based environment called Calibrated
Peer-Review (CPR). They report that using CPR is initially
labor-intensive, but that the procedure becomes easier with
time. The teachers’ return on this time investment comes in the
form of written assignments being treated more seriously.

III. PERFORMING THE LAB AND PEER REVIEW

Peer review was introduced in three courses, Sensor Fusion,
Modeling and Simulation, and Digital Signal Processing, each
corresponding to six European Credit Transfer and Accumula-
tion System (ECTS) credits, offered in the last two semesters
of the Electrical and Computer Engineering Master’s of Sci-
ence programs at LiU. In each course, one laboratory session
was chosen to include the peer-review task. The students work
in pairs, and in each case two groups collect data together; see
Fig. 2 for an sample setup. The students are assigned a number
of tasks to solve beforehand to give them time to think over
and plan the experimental design before they arrive at the lab
session. The lab handout does not give detailed instructions,
with the result that the experiments and the results vary between
groups.

The organization of the review process mimics that under-
gone by a journal article, providing the additional motivation
that this is something they might be confronted with in their pro-
fessional life. The steps of the review process are the following.

1) The students perform the lab, solve the set tasks, and then
describe the experimental design, its implementation, and
their calculations and results in a lab report. They do not
affix their names to the report to ensure a double-blind
process.

2) The lab reports are sent to the course assistant, who serves
as an Editor-in-Chief (EiC).

3) After having briefly checked the content of the reports,
the EiC distributes them to a randomly chosen group of
students, who are given a few days to read and assess them
and to write a review report, which again is anonymous.
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The lab is relevant for the course.

The design of the lab is good.

Knowing that the labreport would be peer-reviwed affected the
report quality positively.

To give feedback by peer-reviewing another groups report gave
me a deeper understanding of the course content.

To receive feedback from the peers regarding my report gave me
a deeper understanding of the course content.

To receive feedback from the teachers regarding my report gave
me a deeper understanding of the course content.

To receive feedback from the teachers regarding my review
report gave me a deeper understanding of the course content.

I feel that the knowledge I have obtained during the lab,
including the review process, is something that will be useful

Fig. 3. Responses to the student survey.

4) The students send their review reports to the EiC, who
distributes them, with the corresponding lab reports,
to the teachers involved, who here serve as Assistant
Editors (AEs).

5) The AEs read the lab and review reports, summarize their
impressions, and assign grades: pass, supplementary ex-
amination, or fail.

6) The review reports and teachers’ assessments are sent to
the groups.

Since the students are not used to writing reviews, the lab
handout gives review instructions, so that as far as possible the
review reports should be of a similar form and quality. To mimic
professional review processes as found in scientific journals, for
instance, the written review report is in the format of an essay,
obliging students to think about not only what to write, but also
how to formulate the criticism.

The instructions in the handout! explain that the review report
should give useful criticism and constructive comments, use a
positive tone and courteous language, and point out strengths as
well as weaknesses. They should also comment on the data col-
lection, the proposed solution, whether the ideas presented are
well supported by data and theory, and point out particularly in-
teresting and good solutions, as well as needed improvements.
The students must submit their reports to a powerful commer-
cial online plagiarism checker,2 which reports its findings to the
course assistant. The tool being frequently used in Swedish uni-
versities discourages students from plagiarism.

IV. RESULTS

Results of applying the laboratory work peer-review process
in the three courses over two years are summarized here, based
on surveys, and on interviews with both students and teachers.

A. Student Survey

The students’ experiences are an important source for evalu-
ation and further improvement of the labs and the peer-review

ISee course homepages of the three courses with peer review.

Sensor Fusion: http://www.control.isy.liu.se/student/tsrt14/

Modeling and Simulation: http://www.control.isy.liu.se/student/tsrt62/
Digital Signal Processing: http://www.control.isy.liu.se/student/tsrt78/

2See http://www.urkund.com, July 30, 2012.
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process. An 11-item survey with multiple-choice or graded re-
sponses to statements and free text answers was given to the stu-
dents in the Sensor Fusion course. Only 12 out of 40 students
answered the survey, corresponding to a response rate of 30%.
Responses were on a Likert scale from 1 (strongly disagree) to
5 (strongly agree); the scores are summarized in Fig. 3. The stu-
dents’ spent an average of 28 h performing the lab and another
8 h writing the lab report.

Since the Sensor Fusion course is likely to be one of a stu-
dent’s last courses in their program, 11 out of 12 of the students
who answered the survey had already participated in a course
with peer review. This particular sensor fusion lab is rather ideal
for peer review because it can be performed independently of
other groups and solved in many different ways. This is partly
confirmed by the free text answers, e.g., “It is good that you have
to do all the steps because it gives you a better understanding
of the whole lab,” and “Hard to know where to begin. Some ad-
vice would have been nice.” The students having to decide how
to solve the lab can lead to some initial frustration because they
might not get started as fast as in other labs.

For the peer review, most students gave positive responses to
having to read other groups’ reports, but some responses were
less enthusiastic, e.g., “It depends on the quality of the report
you receive.” This is unavoidable since if all reports are subject
to peer review, there will always be lower-quality reports.

In the first round of LiU peer-review courses, the peer re-
views were given to the report’s student authors, along with brief
teachers’ comments. An early student response to this practice
stated it was insufficient to receive comments from a peer (i.c.,
another student), but only an assessment (pass, fail, completion)
from the teacher. The students did not like the feeling of being
assessed by other students; they wanted to hear the extensive
teachers’ comments. This is quite similar to the findings in [11],
which found that the quality of reviews was improved if the stu-
dents knew that they would only be read by a teacher and not
by the report’s author.

The students experienced the lab as more free because they
had a lot of liberty to decide for themselves how to solve the
problems. The students also found the lab to be more exten-
sive than most other labs. Some students appreciate being given
independence in the lab, while others want more advice. An
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encouraging answer was the following: “You understand more
of the course content. You try harder compared to a lab without
peer review.”

B. Course Evaluations

After every course at Linkoping University, students are en-
couraged to fill out a course evaluation. This serves as an im-
portant quality indicator to both teachers and students, either
for certain elements, such as labs, lectures, and course align-
ment, or for the course as a whole. One of the statements in
the course evaluations is “This course has assisted in devel-
oping my skills in written and oral communication.” Examining
the evaluations for the three years before and two years after
introduction of peer review, for the Modeling and Simulation
course, the average number of “yes” answers was 30% without
peer review and 53% after peer review was introduced; for the
Digital Signal Processing course, the corresponding figures are
35% and 68%, respectively. In these courses, there were 395 stu-
dents during the three years before peer review, of whom 53%
answered the course evaluation, and 274 students, with 47% an-
swering, during the two years after. The Sensor Fusion course
is new and had peer review from the beginning, so a similar
comparison cannot be carried out there. Caution must be used
in interpreting these figures since other changes in the courses
were also made during these years, but they are consistent with
the free text answers given below. These are not categorized by
course.

“The peer-review process is good.”
“[ appreciate reviewing other peoples’ reports”

“An excellent exercise in writing reports. It is rewarding
to obtain feedback from fellow students and teachers. It is
also rewarding to give feedback to another student group.”

“The structure of the labs was nice since we got to
practice problem solving, report writing, and reviewing
reports.”

“The part with writing the report and receiving feedback
was very rewarding.”

“It is good to review other students’ reports. You learn a
lot and at the same time you will put a bit more effort into
your own report.”

“Its good to write a report, the peer-review process is
also good and it will be useful for coming courses and my
Master's thesis project.”

“Only receiving comments from a peer, with very few
comments from the teachers, is inadequate. We are much
more interested in the teachers’ opinions of our work, than
our peers’ opinions.”

The students seem positive about peer-review labs in general.
In fact, there was no criticism to be found in the course evalua-
tions regarding the peer-review labs. These findings are similar

to the results presented by Carlson et al. [21], who reported that
their students found peer review difficult at first, but then came
to value the experience.

An interesting observation is the last student quote listed,
which can be understood as saying that while the students appre-
ciate peer reviewing, they are ultimately seeking the teachers’
opinions, not their peers’ opinions. Berry and Fawkes also elab-
orate on this issue [11] and, as mentioned above, do not dis-
tribute the peer reviews to the students to avoid giving them the
impression of being graded and assessed by other students.

C. Interview With Two Students

In addition to the student surveys and course evaluations, stu-
dents who had participated in courses with peer review, and
also had written their Master’s thesis, were sought for inter-
views. Because the peer-review system had only recently been
introduced, the number of potential interviewees was limited,
and only two students were willing to participate. Such a low
number is insufficient to draw statistical conclusions, but the
answers and experiences of the two students are an interesting
complement to the surveys and evaluations.

The two students, who will be labeled “Larry” and “Morgan,”
were questioned about their experiences of working with peer
review and how it affects writing skills. The interviews were
held at the very end of their education, one year after having
finished courses with peer review and after they had written their
respective Master’s thesis. Larry and Morgan were asked the
following.

1) Do you think that reviewing another groups’ lab report
gave you new knowledge of how a report should be
written?

2) Do you think that receiving a review of your lab report
from another group gave you new knowledge of how a
report should be written?

For the first question, Larry answered that he definitely gained
new knowledge of how to write a report by reviewing another
group’s report—partly because it gave new perspectives on the
subject that the report was about, and partly, and above all, be-
cause he was able to see structural differences and similarities
with his own report. For question two, Larry did not feel that it
gave as much new knowledge to be reviewed as being the re-
viewer. The reason is that the review he received mainly pointed
out factual or typing errors, rather than commenting on the struc-
ture and outline of his report. Thus, it did not give very much
new knowledge of report writing to be reviewed. Finally, Larry
pointed out that he thinks peer reviewing is a valuable part of
course work and could be introduced at an earlier stage in en-
gineering education to give students more time to practice both
writing and reviewing reports.

Morgan thought all forms of practice are good when it comes
to writing academic reports, and he explicitly stated that con-
structive criticism is always positive. Peer reviewing gave ben-
eficial information on the outline and structure of a good report,
as well as how important it is to use correct language. For him-
self, he felt that by the time he wrote his Master’s thesis, he al-
ready had quite a lot of writing experience from high school and
university courses, but there were still things to learn. Morgan
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also felt that it was a little late introducing peer reviewing during
the last part of the degree program.

In summary, both Larry and Morgan think that the peer-re-
view process had a positive effect on their abilities to write and
structure a report, and that it would be beneficial to introduce
the peer-review process as early as possible in the program.

These findings are in line with those of [11] and [13], that
peer review has a positive influence on report writing. It
depends on the individual whether reviewing another report,
or having your own report reviewed, is most beneficial. The
writing instructions given to the students appear to be quite
important [11], [13]; the writing quality aspect of the LiU
laboratory instructions could probably benefit from further
attention.

D. Interview With Teachers

The seven teachers involved in peer-review courses were in-
terviewed to understand how the labs work in practice. These
are summarized as follows, and some conclusions are drawn.

1) What is your impression of the quality of the lab reports?
The reports are more concise now, but sometimes it seems
like the students write too much just to make sure that they
cover what they believe should be in the report. The best
reports do not get better, but the average level is better,
and the writing is better, which reduces the teachers’ work-
load. Because the labs are more independent, and the stu-
dents know that their peers will read the reports, they spend
more effort monitoring and commenting on the collected
data. Before the peer-review process was introduced, some
students did not even check the collected data before they
used it to estimate variables and parameters. If the input is
wrong, the solution will also be wrong, and the only way
to prevent such mistakes is by monitoring the collected
dataset before starting to use it in calculations.

2) What is your impression of the quality of the review

reports?
In general, the quality is good and the students appear
to be rather honest, which perhaps can be explained by
anonymity of the review process. The reviews also reflect
the students’ knowledge since they need to understand, ex-
plain, and criticize someone else’s work. Other impres-
sions are that the reviews could emphasize shortcomings
and mistakes by being more critical, less negative, and
clearer.

3) How big is the workload for the teachers with this type of

lab?
It can be easier to read a lab report using the comments in
the review report, however a poor review gives extra work,
and you have to match the contents of the lab report and
review report. Some teachers’ tend to read the lab reports
as carefully as if they didn’t have the review reports.

4) What are the unique benefits of having labs of this form?
There is a lot of freedom in how to perform the lab, and
there are no unique correct answers. More independence
in the labs requires the students to reflect upon their work.
Also, it seems that questions and discussion tend to be of
a more fundamental character, and the review gives more
repetition that facilitates further learning. The students get
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more insight in how the theoretical methods can be used
as practical tools if they are used correctly and in the right
order. By letting the students find out and describe their
procedure, i.e., collecting data, monitoring data, prepro-
cessing data, and computing results based on the data, they
get a deeper understanding. In the peer review, they see
how their peers have performed, they repeat the methods,
and gain more knowledge.

5) What are the shortcomings of having labs of this form?

It is not as easy for students to ask the teachers questions,
however this could also be a good thing. The students never
have the option to respond to the review and report com-
ments they receive. There can be terrible mismatches in
the review process if, for instance, a poor group is asked to
review a poor report. On the other hand, there can also be
terrific matches leading to a knowledge leap for both par-
ties. This is not a suitable format for all kinds of labs, and
at its current form it requires more administration from the
teachers involved.
6) What improvements can be made?

There is a need for better instructions, both to students and
teachers, and better report templates for the students to use.
An obvious improvement would be in the administration,
where some kind of submission portal, like the ones for
scientific articles, could reduce the teachers’ workload.

The teachers reported a shift in the workload from reading re-
ports to administration of the peer-review process; Carlson et al.
reported similar teacher reactions [21]. They found that peer-re-
view administration becomes easier when the course is given
multiple times. The initial extra time spent on peer review is re-
warded with an increased report quality.

The teachers who were interviewed for this paper also em-
phasized that a Web-based tool for peer-review administration
would be a great improvement. Such tools have been used pre-
viously with good results; see, e.g., [18], [19], and [21].

The peer-review process cannot be applied to every lab in
every course; it must be put into a context, and a large degree of
variety and independence in the interstudent solutions must be
expected. To handle a lab well when only given general instruc-
tions, students need sufficient self-confidence when working in
the lab and must be well prepared and possess adequate knowl-
edge of the course material. This is why a peer-review process
is more useful, and achieves better results, in the later stages of
the education. Currently the authors have no plans to extend the
peer-review process to courses other than the three mentioned
here.

V. CONCLUSION

Peer review has been introduced as a laboratory task in three
LiU engineering program courses; the following conclusions
can be drawn.

* The system can easily be implemented in the existing

course design.

* In advanced courses in electrical engineering that cover
both theory and practice, letting the students apply their
knowledge practically and revising this knowledge via a
peer-review process gives a deeper understanding of the
theory.
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» The student response is essentially positive.
* The teachers involved in the courses are also positive, but
some fear that the teacher workload might increase.
* There are indications that the quality of the student reports
has improved.
Suggestions to improve the overall quality of the labs include
the following:
» collaborate between courses to create general guidelines
for both students and teachers;
» provide better administrative tools to handle the reports
and the grading.
The Linkdping University practice of handing out the reviews
to the authors could possibly be discontinued to improve the
implemented peer-review system.
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