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ABSTRACT

Remote delivery of course content was a rapid and practical
solution to the challenges presented to education by the coro-
navirus pandemic. However, the solution also provided the
opportunity to promote engagement and interaction among
a student cohort that was largely disconnected and isolated
due to the constraints of the pandemic. Consequently, in this
paper the practice of using the Jigsaw active learning design
in the delivery of a computing ethics course is reported. The
experience, reaction of learners and discussion of the bene-
fits and problems of the learning design are discussed before
concluding thoughts are offered.

CCS CONCEPTS
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1 INTRODUCTION

The coronavirus pandemic presented problems for students
and educators alike. Challenges for educators were that
well established and practiced teaching methods, such as
in-person lectures, became problematic. Challenges for stu-
dents were being isolated, and separated from the typical
social interaction they would experience at university [5].
This is important both socially, and from the educationally
valuable peer interactions about the content they are learn-
ing.
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Nevertheless, the pandemic also presented opportunities
for educators to explore novel learning designs that could
potentially support students in attaining deeper engage-
ment with both course content and peers. The present paper
presents the use of an active learning practice on a comput-
ing ethics course. The lessons learned from the experience
of adopting the active learning practice serve as a valuable
contribution to educators in asking themselves key questions
when deploying relatively novel teaching practices.

Consequently, the contributions of this paper are:

e Design of an active learning practice with approxi-
mately 200 students.

e Discussion of the experience and challenges encoun-
tered by students engaged with the practice.

2 BACKGROUND

Lectures are the dominant teaching method in universities
across the United Kingdom and emerged in an age where
information was not only difficult to produce but also to
transmit [3]. Active learning practices in particular, where
students collaborate and engage in content, could be effective
in not only supporting students to engage with content to a
greater depth, but could also enrich their learning experience
at a challenging time [11]. The challenge with active learning
practices in computing science and more broadly is that there
is little agreement on the definition or the effectiveness of
them [12]. Nevertheless, active learning practices have been
used in many different contexts and have been found to be
engaging and stimulating, at least from a social perspective
[10].

Kothiyal et al. report use of the think-pair-share active
learning practice with a computing science cohort, where
students consider a problem posed privately, then partner
with peers to refine, all prior to engaging in a class discus-
sion [8]. They report strong student engagement with the
thinking and sharing aspects, but less so with the pairing
element.

Jigsaw, where students collaborate rather than compete is
another active learning approach. Aronson et al. originally
proposed the approach in the 1970s as a way to address con-
flicts and challenges around desegregation in classrooms in
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the United States [2]. The approach is elaborate compared to
many teaching practices, but has been shown to be effective
in some respects. Honeychurch reports use of the approach
with a small first year philosophy cohort and argues students
were able to cover considerable material in a short space of
time and the feedback from peers was valuable in engaging
with course content [7]. Similarly, Liao et al. reports use of
the approach on a computer architecture course where stu-
dents report greater engagement with course material [9].
Consequently, utilising the Jigsaw active learning practice
might be an effective way for students not only to engage
with a wide range of material, but to do so collectively at a
stressful, isolating time.

3 CONTEXT

Here we report our experience of using a Jigsaw active learn-
ing design on a Professional Skills and Issues course with
approximately 200 senior undergraduates and a small num-
ber of postgraduates. The course is compulsory for under-
graduates and is taken alongside seven other courses that
students have elected to do. The course is offered as an elec-
tive for postgraduate students. The aim of the course is to
engage students with ethical issues relevant to computing
science and software engineering professionals as well as
to provide students an opportunity to refine communica-
tion skills. The course covers four subject areas: society and
surveillance, profits and platforms, risk and responsibility,
decisions and discrimination. The course also provides prac-
tice for students at verbal and written work and so advances
their communication skills.

4 LEARNING DESIGN

The course covers four subjects, each delivered over a two
week teaching-block with four timetabled hours. Each sub-
ject has a reading list of six items, each of which could be a
research paper, article, video or audio recording. Each subject
is delivered using the Jigsaw learning design.

The fundamental difference between a Jigsaw design and
conventional teaching is that the learners, not the teacher,
function as subject matter experts and the source of knowl-
edge for other students. The important difference between
Jigsaw and other methods of group work is that each learner
is a member of two different, cross-cutting, groups: a jigsaw
group for reciprocal teaching (sharing their partial knowl-
edge with others who know different bits of knowledge), and
an expert (colour) group for preparing the teaching each must
do in their other (jigsaw) group. In assigning a student to an
expert group, the student is assigned to only one of the six
resources for the subject. Each student is assigned a colour
(one of six) which specifies which expert group they are a
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member of, and a number specifying which jigsaw (cross-
teaching) group they are a member of. Both jigsaw and expert
groups typically had six group members.

For each teaching block, the four hours were structured
for students. Students were advised to spend the first hour
engaging with material from the subject reading list. Then,
for the second hour, the students should meet their expert
group for one hour. For the third hour in the block, students
should meet their jigsaw group. And lastly for the fourth and
final hour of the block students were required to attend a
seminar with the lecturer. The one-hour seminar was sched-
uled via the University timetable as were the other hours in
the block. However, students could do their group meetings
at other times that were preferable to each group if they so
wished.

Therefore, in practice, a student started by engaging with
the content on the reading list that matched the colour as-
signed to them. Then, in their expert group spent no more
than 10 minutes outlining the salient aspects of it, before
other members performed the same action. The expert group
then nominated a scribe, agreed a summary of all the presen-
tations and the scribe added the summary to the course wiki.
Then each student, in their jigsaw group spent no more than
10 minutes presenting the summary generated at their expert
group, before other members performed the same action. The
last step was for students to attend the seminar led by the
lecturer. The lecturer presented an unseen scenario which
the class tackled using the knowledge already discussed. The
class considered the problem for 10 minutes, then the lecturer
spent 10 minutes going over the scenario and highlighting
important lessons to be taken from it. Then, another sce-
nario was presented for 10 minutes, drawn from case studies
developed by Anderson et al. for the ACM Code of Ethics
and Professional Conduct [1]. The lecturer then polled the
class for thoughts and closed the class by summarising key
points and addressing any misconceptions.

5 RESULTS

Students were asked to complete a standard survey at the
end of the course that probed overall experience and of-
fered an opportunity to provide open-text comments on the
strengths and weaknesses of the course. Approximately 200
students were enrolled on the course with 73 students pro-
viding feedback. Participation in the survey was anonymous,
and feedback from individual students is referred to by a
random identification number, e.g. “S18”.

The feedback from students on course material and con-
tent, such as videos, lectures and reading material, was gen-
erally positive. Students felt the material was engaging and
interesting, as reflected in the feedback received from them.
The comment from S54 reflected the feedback of many stu-
dents when it came to the course content material, “material
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was interesting and thought-provoking at times”. Similarly,
S19 stated “I thoroughly enjoyed the content of the course. T
had some great discussions with other students and the lec-
turer during Zoom breakout sessions”. Nevertheless, course
material and content was not the aspect of the course that
generated the most feedback, neither was it the concern that
drew the most notable differences in opinion.

Such feedback was reserved for the learning design and
delivery of the course with the majority of student feedback
being negative towards the experience. Consequently, the
remainder of the results section considers feedback pertain-
ing to the learning design and delivery, in terms of the good,
the bad and the ugly feedback.

The good feedback. There appeared to be some recognition
that students appreciated the social aspects of the learning
design in terms of engaging and interacting with other stu-
dents on the course, as reflected by S24 “liked that we had
contact with people I've never met in the course before”. The
motivation, in part, in selecting the Jigsaw learning design
was to ensure students had some engagement with each
other and were not always engaged in isolated tasks during
the pandemic. This aspect of the learning design was appre-
ciated by some students as noted by S34 “the group work
allowed some natural interaction with people when isolated”.
Another aspect of the learning design that was anticipated to
be a strength was that students would be able to engage with
a greater breadth and depth of content with the learning
design than they would on a traditionally structured course.
Students appeared to appreciate this aspect of the learning
design with S38 reflecting the majority of such positive feed-
back by stating “resources are varied, ‘pooling’ of knowledge
across groups is a good idea”.

The bad feedback. The learning design was more complex
than typical teaching approaches. However, it is clear that
many students felt the design was not only complex, but
unnecessarily so, in that the challenge was not to understand
what action to perform, but that such actions provided little
benefit as reflected by S65 “reduce the unnecessary complexity
of sub group this, colour group this, number group that”. An
immediate reaction to such feedback by a lecturer could be
that such feedback is explained due to unfamiliarity with the
learning design and active learning pedagogical practices in
general.

However, some feedback did indicate that students had an
awareness or experience of such pedagogical practices, since
some students mentioned “flipped classroom” in feedback
comments as exemplified by feedback from S19, “We very
much dislike the flipped classroom model. The structure class
colour/division/class group/expert group/presentation group
was just confusing”. The “flipped classroom” was not a phrase
used by the course coordinator nor any course material and
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its presence in feedback suggests some student awareness
of active learning practices.

The virtual learning environment (VLE), Moodle, was used
as the main delivery platform for the course with instruc-
tions, activities and content delivered through the platform.
Students had used the platform for several years at this point
and the assumption had been that it would not present any
challenges. However, some students clearly felt the platform
did not support delivery of the learning design or the course
as reflected by S10 “prior courses in the university have never
had such a strong focus on Moodle content so the jump to using
that was very strange. Accessing relevant information is ex-
tremely difficult. The course had so many moving parts and it
was difficult to discern what was happening - lecture material
and information is not easily accessible”.

The ugly feedback. The reality is that while there may be
strengths to this learning design, the delivery and execution
of the approach in this context were not widely perceived as
positive by all students. Ugly feedback is negative in nature
but also uncomfortable for lecturers as it probably highlights
significant frustrations with aspects of the course. It is clear
that some students found the complexity of the learning de-
sign challenging and frustrating in contrast to traditional
courses where students attend regular lectures. The Jigsaw
design not only required students to communicate with sev-
eral groups, but to move between them and communicate
outcomes from them. This level of complexity was perceived
negatively by many students and is reflected in feedback
from S15, “In the very first meeting for the course a student hu-
morously asked why the course structure resembled a Christo-
pher Nolan film. The difference is that Christopher Nolan films
are quite easy to understand the second time you watch them,
but this course is still confusing after 10 weeks”. Importantly,
it should be emphasised that this feedback may be more
indicative of how the course structure was communicated,
rather than the structure itself. Nevertheless, while one of
the central aims of the learning design was to bring students
together, it was clear that the design presented a challenge
for some students and caused frustration as reflected by S44
with “It certainly brought the student body together, albeit in
severe frustration”.

Finally, one last element of feedback: the educator’s obser-
vations of the quality of discussion within the groups, when
observing them. This was at times the best quality discussion
of any heard previously in different forms of this course.

6 DISCUSSION

The two group types in the Jigsaw learning design are of
different kinds. The expert groups are like a normal peer
discussion, sorting out what is meant to be the same idea
amongst students who have some knowledge of it, but do not
yet agree and see it the same way. However, Jigsaw groups
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are about teaching other students as in “student generated
content” (SGC), where students create content for other stu-
dents. SGC was and is present in classical seminars, in which
a different student presents each week. But all too often,
there is no enforcement of listening to other students’ pre-
sentations and discussing them. Betty Collis is an authority
for more modern and radical forms of SGC [4].

The quality the teacher heard in some of the student dis-
cussions shows that the benefits of the method were present,
but what explains the negative perceptions of students with
the present learning design in its particular context?

It might simply be the teacher’s poor explanation of the
design to students. It has certainly proved hard to communi-
cate what a Jigsaw design is to a conference audience. But
that seems unlikely to be the explanation here because of
the success of Jigsaw designs in other cases.

The number of iterations or cycles of the design within
one class may be important. Even Mazur’s Peer Interaction
might not work well in only four iterations in its first use
with a class: its widespread success has almost all been in
one or two semester long classes, with an iteration of the
design at least once a week i.e. 12 iterations or more [6].

Furthermore, in many cases of anonymous student feed-
back, negative things that were felt at the time are often
quite quickly forgotten and so not expressed after things
work well for that student for a week or two. In other words
the complaints may be about starting up, but not about all
phases and aspects of the course design. They are therefore
worth fixing if possible, but may not in the end be important
for whether or not to adopt a design like this as a whole;
they may indicate a conclusion about minimum length of
use, not about whether the design is worth adopting at all.

The dislike of students for this implementation of Jigsaw
may be a distance learning issue because Jigsaw has worked
well even in the first iteration in one big room with groups
in different corners. One arena allows both learners and
teachers to see the physical group structure and self-correct
and get help; and for teachers also to see problems and go
fix them.

The amount of prior experience with group work that
each student in the class has had might also be a significant
factor. On the other hand, Honeychurch’s success with Jig-
saw [7] in first year undergraduate philosophy undermines
that inference yet still suggests that more iterations of the
Jigsaw is the key.

7 LIMITATIONS AND CONCLUSIONS

The primary limitation of this study is its reliance on open-
ended text feedback from standard course evaluations to
understand student reactions to the application of the Jigsaw
learning design in this particular context. Such data is not
strong enough to assess the effectiveness of the approach in
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a general way e.g. as a good or bad learning design across
all contexts, or as good or bad in computing science con-
texts. However the feedback data does support a useful and
moderately general set of conclusions of a different kind, as
follows.

When adopting a learning design involving group work,
and especially the Jigsaw design, the educator should:

(1) Consider the students’ prior group work experience.

(2) Estimate the minimum number of iterations likely to
be required for the design to “bed in”.

(3) Decide whether a Jigsaw design (or other form of group
work) is likely to work well in the given context.

(4) Plan for the best way to communicate it to students,
given their degree of unfamiliarity with each element

of the design.
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