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Assessment overview

Group-based problem solving is a continuously assessed component of
the core year 3 undergraduate physics third year Comprehensives module
—amodule designed to augment and consolidate students’ problem-
solving abilities using material covered in the first two years of the core
undergraduate degree. In group-based problem solving students work

in teams of 25 to solve a complex problem. The assessment runs over an
entire term, in which the students are expected to organise themselves,
and, ultimately, present their findings in a half-hour seminar. Unlike
most other assessments, their mark is not provided by the judgement of
the module lead, rather, the entire assessment is peer-based, with the
other teams grading each group’s seminar. Each individual mark is then
determined by peer-to-peer marking within a group, based on the overall
grade of the group.

Such big groups can be tricky as there might be imbalance in how groups
are subdivided. Larger groups can create an imbalance where it becomes
progressively difficult to address individuals’ differences and make all
students feel comfortable. This means that it is more difficult to ensure
that students with specific learning needs do not ‘disappear’ into the
larger groups.

Design decisions

Rationale for the design

The initial motivation for a group-based project was to improve the core
physics degree’s provision on training regarding collaborative skills of the
students. There is a perception amongst some that Imperial sometimes
exhibits rather competitive environments, which may lead to students
developing relatively strong individual academic skills but relatively weak
teamworking abilities. The idea of the group-based problem solving is
hence to provide an assessment that is as close to the real world working
environments as possible, where collaborative group-work is the norm.
Initiated during Curriculum Review, the project ran for the first time for the
2021-22 year 3 cohort.

Watch these videos on authenticity:

1. What is authenticity?
2. Designing authentic assessments

In real-world working environments, groups tend to be externally evaluated
mainly on their final product, whereas internal team dynamics has

minor importance from the point of view of the external observer. In this
assessment teamwork is given as much credit as other higher visibility
components, such as, for example, scientific rigor. The peer-marked
component is designed to reflect the environment in a professional
scientific research group environment such as a research committee.

Each team is eventually awarded one overall mark in a final seminar day

at the end of the project. This mark is composed out of the marks given by
all the other teams based on their final work. A second contribution to the
individual marks comes from the peer-wise assessment throughout the
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It is always useful to allow some
time for students to get to know
each other, with a scaffolded
requirement to negotiate ground.
All too often the academic
pressure is added straight

away without time to form as a
group! To enhance this formative
process, and take advantage

of the groups’ intentionally
diverse nature, students could
be encouraged to consider the
intercultural learning potential
when negotiating ground rules —
e.g. how are values around group
working and contribution and
practical approaches influenced
by background and culture, as
well as previous experience?
Could each student offer a ground
rule that reflects their values, to
be refined as a group? Setting
ground rules should go beyond
practical considerations and take
into account the crucial emotional
dimension of learning. e.g.

what enables individuals to feel
confident and comfortable enough
to contribute to a discussion or
decision-making? |s turn-taking
a good idea initially? Negotiated
ground rules could them be used
to inform peer assessment of

group working. Watch this video on

different ways of assessing group
work.
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duration of the project. Each team member assesses the others twice and
provides extensive feedback. Hence, the individual team members weight
gets accounted for, but not as strongly as it might be in conventional forms
of group projects.

The structure of the assessment involves a ten-week period in which the
teams work self-organized on a large-scale problem. During this time,
they organise their own structure. The teams rotate the chair of their first
meetings while eventually electing a spokesperson. The spokesperson

is meant to have rather a coordinator-ship rather than a leadership role.
Additionally, a dispute resolution procedure has to be developed. While
they work mainly independently, there are non-assessed weekly tutorials
where the module lead mainly provides academic support with the
physics involved. As the groups are expected to collaborate, the module
lead should only be involved into the resolution of conflicts if the dispute
resolution procedure fails to settle the conflict.

When introducing group work some consideration needs to be given

to how students with specific learning needs can be successfully
participating in group interactions. All students involved should benefit
from inclusive practice this means that inclusivity considerations can

be embedded within standard practice around preparing students for
group work. This can be done through discussion around the allocation
of roles and better understanding how others, including those with
specific learning needs (such as, for example, dyslexia, autism, or
dyspraxia) learn and communicate. Individuals should be mindful of that
and think about the delegation of individual tasks that are appropriate
to what individuals can do. Therefore, part of preparation for group work
is considering how others can be mindful and empathetic towards other
group members. Watch this video on advice when implementing group
work.

Eventually, each team has to present their work in a 30-minute seminar
and then answer questions. In 2022, there were five groups per term. The
four non-presenting groups then mark the seminar, which accounts for the
majority of the mark. The seminar tries to imitate an environment similar to
a grant proposal, and uses a somewhat sophisticated marking scheme. The
teams give marks across five categories, with constraints in the number of
marks available. This means that the scores are limited, with each mark
being only available for distribution a set number of times. For example, a
team can only award two “Outstanding”, while “Good” can be given four
times and so on. This forces the teams to be thoughtful of the marks given
and to eventually give the correct number of marks across all categories
and presentations. Staff do also provide marks, which are used as a
moderation tool. As in 2021-22, the student’s marks entirely aligned with
the marks given by staff, thereby requiring no moderation by staff.

With presentations, especially in cases where every student is expected to present, some considerations have to
be given to adjustments for students who might not feel comfortable to present. A short presentation shouldn’t be
challenging to many students yet, some students, for example, those with severe autism, might struggle. Having
an alternative such as a short video, or as in this case a viva would enable to the student to deliver something...
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...which didn’t mean they had to stand up in front of the group and do it. Such alternatives could potentially
take the stress out of presenting. Providing students with choice is providing them with the option that suits
their learning best or limits the impact of their disabilities.

Alignment with learning outcomes

As the assessment name indicates, group-based
problem solving tries to enhance collaborative skills
and improve students’ abilities at working in a

team. The group will have to be able to present their
findings in a seminar, even if some group members
did not collaborate as effectively as others. Hence a
great emphasis on teamwork and conflict resolution is
made, together with the need for each team to come
up with their own organisational structure.

Conflict resolution is an important skill for students
to develop that will benefit them in the workplace.
This, however, can be difficult especially for Year 1
students. It is useful therefore to ensure that students
are prepared for teamwork. Some scaffolding on how
to deal and resolve conflict in big groups. Similarly,
showing students examples of organisational
structures could help them with developing their own.

As this assessment is part of the Comprehensives
module in the year 3 curriculum, it is also meant to
test the students ability to apply their knowledge and
skills acquired over their first two years of studies.

As none of the students are expected to have prior
knowledge of the material used in the problem
assigned, they have to use all their problem-solving
abilities to collaboratively tackle the problem at hand.

Since the assessment runs over an entire term, it is
also very important for the students to continuously
work on the project and have a working organisational
structure at hand, both for each student individually
and as a whole group. They will have to delegate,
carry out tasks that connect various areas of physics
and do general research. Hence critical thinking,
combinatory abilities and problem-solving skills are
key in this assessment additionally to teamwork and
collaborative skills.

Practicalities
Assessment and provision of feedback

Group-based problem solving is assessed entirely
on a peer-based system. As mentioned before, there

are two components to the individual marks given:
the peer assessment during term, and the mark given
to the whole team based on their presentation. This
second mark is then shifted based on the mark an
individual student achieved in their peer assessment
during the project.

For modules that rely so heavily on peer marking and
peer feedback it is important to devote a considerable
amount of time to support students with their
understanding of assessment criteria and how to apply
them, and also to support them in developing their
ability to provide constructive peer feedback.

The peer-based mark consists of single peer feedback
in week 3, contributing to 20% towards the final
mark, and a second feedback in week 10 carrying the
majority of the weighting with 80%. The intention

is that individuals use the early feedback to reflect
and adjust their working methods and styles how
best they see fit to improve, both personally, and for
the benefit of the team. Individuals will find out, for
example, if their peers’ perception is that they are not
contributing enough, or if they are doing something
particularly constructive. In week 3, this can be used
as either a confidence boost if someone is performing
well, or as a point of realisation if someone needs to
contribute more.

Having two points in time where feedback can be
given is useful for the students as it gives them an
opportunity to take the feedback on board and amend
their behaviours and practices. The first point serves
as a formative check point where students still have
the time to learn for the final point which is more
summative in purpose.
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Figure 1:Sample of part of the form that allows students
to give each other feedback and mark their respective
contribution during the peer-assessment process. Given
marks are weighted by the time spent collaborating and
feedback is encouraged.
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The feedback and marks are weighted by the amount
of time two individuals collaborate. This way, the mark
& feedback given by a direct & frequent collaborator
has a greater impact than the mark & feedback by an
occasional acquaintance within the group. There are
four different categories used to quantise the amount
of collaboration between two specific students:

e | was assigned to work with this person on the
same task. To complete the task successfully and
fairly, | needed to communicate with this person
a lot (multiple times a week or for long periods of
time).

e | was assigned to work on a similar area of the
problem with this person. To align our goals, |
needed to communicate with this person regularly
(once or twice a week).

e We didn’t work on the same part of this project,
but | attended regular meetings with this person
(once a week or once every two weeks).

e |’ve not really interacted with this person.

Each student needs to mark at least five students

they have interacted with. The marking is done

across five different categories, viz (i) attitude, (ii)

participation, (iii) communication, (iv) contribution

and (v) organisation (see the marking scheme later

in figure 2). The students are also able to provide

written feedback, while answering the prompts

“Things | appreciate about this team member are...”

and “Things | request from this team member

are...”. These written feedbacks have shown to be

highly effective, as students in 2021-22 provided

constructive and detailed feedback about the
performance of their team. There is also a space for
feedback to be given to the team as a whole. Students

can also give themselves scores and comments, as a

chance for self-reflection.

The seminars form the conclusion to the assessment

To convert this number into a percentage, we find the mean 7 and standard deviation o, of the

numerical scores for the whole day which is used to convert the numerical mark into a percentage,
ni —n
=p+ X o 9
Pi=p ( o ) (9)

where p = 65% and ¢ = 8% are the mean and standard deviation of the target distribution.

The final grade is calculated by,
final grade = seminar score + peer feedback shift (10)
Figure 3: The Mathematical procedure used for calcu-
lating the final grade

with each team presenting their work in a 30-minute
seminar, followed by ten minutes of questions.
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Afterwards, the other teams are given 10 minutes

to provide provisional marks for the presentation
that has just occurred. The marks are provisional

as the teams are given time at the end of the day

to recalibrate and adjust all grades having seen all
presentations. Marks are given across five equally
weighted categories, viz. (i) creativity, (ii) scientific
rigour, (iii) achievement, (iv) teamwork, and, (v)
presentation quality. The redistribution of marks after
hearing all presentations is of special importance
due to a sophisticated system of distributing marks.
Instead of each group being entirely free in deciding
the mark of a presentation, there are constraints

of how many marks each team can give in total.
Hence, a group can only give a limited number of
“outstanding”, or “satisfying” scores. This can be
seen as an implicit way of ranking all teams across
the different categories, similar to how it is done in
grant proposals. The system is put in place to achieve
a friendlier environment and to simplify the decision
process of achieving a ranking of the presentations
observed. Since a team will have observed four teams
and will mark them in five categories, they will award
20 scores at the end of the day.

For peer assessment to be successful students
need to understand the grading system. As well
as being introduced to assessment criteria and
rubrics & mark schemes ahead of time, it is
beneficial to allow students to use these tools

to assess exemplars of students’ work with
different strengths and aspects for development.
It is recommended to seek permission to use
anonymised exemplars from the originator or
create examples based on typical student work.

The main consideration from the Quality Assurance
perspective is making sure that the rules of
engagement in peer assessment activities are clear
to the students from the start. This is where a clear
explanation about what the learning outcomes are
for that module and how students are expected to
demonstrate them is extremely useful as well. This
could help manage students’ expectations and
emotions.

Calculating the final mark

This assessment exhibits a somewhat sophisticated
marking scheme. There are several components
contributing to the final marks given to the students.




Not only is each grade composed out of the groups
mark together with a weighting factor arising from the
feedback given by one’s group, but also the initial
components to the final grade arise not trivially.

Itis important to have a valid and robust way of
calculating the final marks from different sources
and it is even more important to ensure that the
process which is followed when arriving at the final
grade is clearly communicated to the students. This
will influence students’ perception of assessment
being fair.

When preparing students to peer assess some
raising awareness around disabilities and certain
barriers that students might experience is beneficial.
The general training that emphasises the value

of balanced feedback — using both praise and
criticism, and raises awareness of the language that
is helpful and unhelpful can help students to be
more inclusive when providing feedback to others.
This could be further supplemented with a feedback
template that emphasises the balanced focus (For
example — what are strengths, what are the areas for
improvement) and a discussion of examples.

Person a gives person b mark mgs with weighting w,s. The weighting is determined by the distance
levels 1, 2, 3, or 4. Level 4 always has wa, = 0. Person a gives N, people a score (from only level
1,2,3, also ignoring self-assessment scores). There are N students in the team.

Assessor a gives an average score of,

1 N
Ta = A Zutu; (1)
i
This average is used to normalise all the scores given by assessor a,
M /i, @)

which tells us if each person, according to Assessor a, is performing above or below average in this
category. This step allows us to account for certain markers being more generous or stingy than others.
Each peer is then awarded the weighted average of their assessor-normalised scores,

. 50 wiy (mn/1mj)
sp= L LY

(3)

Z;“ Wiy
where ny people have given marks to person b (in levels 1,2,3). The next step is to then normalise this
to the average score of the team,
1 2‘: 1 ZV: S0 wjk (mje/m;) @
s==N s =N = 0 0
N4 N4 Tt wik
so that we can find who, within the team, performed above or below average. The scores are normalised
to the team’s average,
/5 (5)
Finally, to find the redistribution of the grades between team members, these scores are now converted
to shifts,
5
T ©

&
The shifts from the two rounds are simply added together with the appropriate weighting,

Spfinal = 0.2 % (s;,_. - l) +0.8 x (% - 1) (7)
S1 82

The shifts are then transformed into a percentage shift by multiply by a factor f, so that the final
percentage shift for one round of peer marking is

J % 8y final (8)
The factor in 2021-2022 is f = 10.
As a final consideration, any penalties the students have accumulated are also added here. No

submission of the peer-feedback form is equivalent to —2.5% shift, and non-attendance at the final
seminar day is —8%.

Figure 2: The mathematical procedure used for
calculating students’ marks following peer assessment
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There are a limited number of points available to be
awarded at the final seminar day, which is done in a
style that imitates research proposal environments.
To calculate a score from the day, the rankings are
converted into numbers: Outstanding = 5, Excellent
=4, Good = 3, OK = 2, and Satisfactory = 1. These
are then averaged together to give a numerical mark
for each team, ni. The algorithm used to compute the
score is show in figure 3:

To convert this number into a percentage, we find the mean 7 and standard deviation o,, of the
numerical scores for the whole day which is used to convert the numerical mark into a percentage,

o ni—n
p.—p+( -

where ji = 65% and o = 8% are the mean and standard deviation of the target distribution.

)xcr ©)

The final grade is calculated by,
final grade = seminar score + peer feedback shift (10)
Figure 3: The mathematical procedure used for
calculating final grades.

The peer-assessment component is weighted by the
time spent collaborating between two students, and
both the groups mark and a student’s weighting factor
then need to be combined following an appropriate
grade distribution. This design process was devised
prior to first implementing the assessment in the
academic year 2021-22.

The only thing we might comment on is that
probably the most obvious organisational tool

for collecting and organising the peer marks &
comments is Excel, but module leads might like to
consider using the College support FeedbackFruits,
which has functionality to incorporate peer review.

The assessment has ran twice 2021-22, with half of
the year three cohort in the first term and the second
half completing the assessment in the second term
of the academic year. Between both executions, staff
had the chance to reflect on the assessment and
introduce slight improvements allowing a smoother
running of the assessment the second time.

Student’s perspective

Students are expected to work 75 hours each on this
assessment. Since there are 25 people in a team, the
project they have to tackle exhibits a great complexity.
The main takeaway for students was the ability to
work in large groups, since this assessment forms the
first encounter of students with groups as large as 25
people. Yet this also posed the greatest challenge,
as students report that they felt a disproportionate
amount of time was spent trying to organise
themselves. As working environments offer an initial
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skeleton organisation structure which is not in place in this group project, students felt that it would be very
beneficial to have slightly more support at coming up with an initial structure of organisation. Additionally,
the nature of having large groups lead to some students being too concerned with the organisational aspects
of the project, at the expense of devoting time & energy to contributing to the physics, which was handled by
other members of their group. This aspect was not appreciated as much by students, and was also something
flagged as an unanticipated problem by the module lead. Yet, even though this assessment has mainly been
experienced as challenging, students tended to have a strong and positive appreciation of the idea and
philosophy of this assessment.

Further observations of assessment type

e Forthe 2021-22, it was been observed that teams hardly collaborated among each other. One suggested
cause of this is that the groups find themselves in competition from the outset, even though the whole
exercise is never posited as a competition.

e Anotherapproach which has been found to be detrimental to the teams by the project lead is the splitting
of teams into coding and non-coding subgroups. Even though there is a great deal of complex physics
involved, the projects are all (in the current format) largely coding projects. One suggestion to improve this
is that all students should contribute to the coding, at least in some small part.

e Agroup of 25 is a large group to manage. While teams of this size are common in workplace, they would
always either be deliberately organised into, or would naturally form subgroups. Asking students to
organise groups themselves would probably not by that reflective of the workplace as those structures
would be put into place for the employees linked to their job titles and roles. An alternative strategy is to
create this structure for the students and then ask them to volunteer for different subgroups and roles.
There are clearly several options for how to organise a group of this size should module leads wish to
pursue this.

Advice for students

e |tisimportantto find an organisational structure and put this in place very early on in the assessment.

e This assessment emphasises teamwork and collaborative skills and should be approached as such. If the
group dynamic fails, teams had a hard time being able to reach their conclusions.

e Students are equipped with approximately 3 hours of introductory material, which students are able to
refer back to. This gives a lot of advice on how to approach this assessment and the physics involved.

e This assessment really offers the opportunity to make use of each and everyone’s individual strengths.
There might be some students who have a great sense of seeing the bigger picture and are hence very
suited for more organisational tasks. Some other students might have an immediate grasp of the physics
at hand or have a good sense of explaining the subject and hence would do best in tasks related to the
coding or presentation. A team would benefit greatly from exploiting these individual strengths.
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