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K. J. Hanley
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ABSTRACT
The extraction of individual marks from a group submission is one
approach to address the problem of students who don’t contribute
adequately to group work. This is a highly active research area. An
alternative is proposed in this paper: alter the method by which groups
are allocated for assessed coursework in tertiary education. The
proposed two-step method involves (i) soliciting feedback from the
students on the effort invested by their classmates in preliminary
assignments and (ii) using these data to allocate groups for a
subsequent larger assignment. Students who invest a lot of effort in the
preliminary assignments are grouped with similarly motivated students,
reducing their dissatisfaction, while students who formerly acted as
‘freeloaders’ are now obliged to engage with the larger assignment and
thereby achieve the desired learning outcomes. This paper describes a
trial of this group allocation approach for an undergraduate
engineering design course of 111 students.
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1. Introduction

Group work in tertiary education has clear pedagogical benefits: it promotes student-centred, active
learning and the development of professional skills that are essential for successful group working
(Bourner, Hughes, and Bourner, 2001). These professional skills can include communication, team-
work, project management, problem solving and ethical sensitivity (a comprehensive list is provided
by Haselberger et al. 2012), though the extent to which a specific item of group work contributes to
the development of any of these skills varies (Picard et al., 2022). The valuable skills developed
through group working are important for engineering graduates’ employability (Munir, 2021;
Ramadi, Ramadi, and Nasr, 2016; Winberg et al., 2020). Succi and Canovi (2020) report a trend of
increased emphasis being placed on professional skills in recent years when employers are recruiting
graduates. As a result, group work has been embedded in many undergraduate degree programmes
across almost all disciplines (Lejk, Wyvill, and Farrow, 1997; Li, 2001; Pitt, 2000; Topping, 1998).
Indeed, the inclusion of assessed group work within undergraduate degree programmes is a require-
ment of the Engineering Council, the body who regulate the engineering profession in the UK, to
meet accreditation standards (Engineering Council, 2014).

Students appreciate that group working is an excellent way to develop their vital professional
skills (Murray, Pytharouli, and Douglas, 2022). Despite its pedagogical benefits, students’ attitudes
towards working in a group are highly non-uniform and are strongly influenced by prior experiences,
particularly if negative (Hillyard, Gillespie, and Littig, 2010; Rajabzadeh et al., 2022). Furthermore, aca-
demically strong students believe they will be disadvantaged by group assessment (Chapman and
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Van Auken, 2001): a belief with some justification (Almond, 2009; Lejk, Wyvill, and Farrow, 1999;
Moore and Hampton, 2015).

One of the main sources of student dissatisfaction with assessed group work is free-riding or
social loafing (Kerr and Bruun, 1983), where students benefit despite contributing less than their
fair share of the assessment tasks (Brooks and Ammons, 2003; Maiden and Perry, 2011; Strong
and Anderson, 1990). Students are often keenly aware which of their fellow students don’t contrib-
ute appropriately, though this may not be known to academic staff (Bourner, Hughes, and Bourner,
2001). There are a range of reasons for free-riding behaviour (Hall and Buzwell, 2013), not only lack of
motivation on the part of a student. Students might consider themselves incapable of making a posi-
tive contribution to the group’s activity or might not understand the remit (Webb, 1997). Students
might even be discouraged from contributing by other group members who believe that their input
might reduce the group’s mark (Hall and Buzwell, 2013). The interviews of engineering undergradu-
ates conducted by Colbeck, Campbell, and Bjorklund (2000) indicate that students actively try to
avoid being in a group with others who have not contributed sufficiently to previous group work.
‘Freeloaders’ can be especially problematic in groups ‘lacking individual accountability’ in which a
small subset of the students comprising a group may be wholly responsible for the grade achieved
(Slavin, 1996). However, the difficulty of quantifying individual contributions means that often every
student in a group receives the same mark irrespective of their contribution (Maiden and Perry,
2011). Conway et al. (1993) highlight the feeling among students that this is unfair: that a single
group mark is not a satisfactory reflection of an individual student’s contribution.

It is important to recognise that free-riding is a direct consequence of the decision by academic
staff to adopt group assessment without a means for making individual students accountable. There
are three broad approaches that might be taken to mitigate this important issue affecting assessed
group work:

(1) Enable individual grading for group work, e.g. based on individual deliverables or on individual
assessment based on the group work.

(2) Extract individual marks from a group submission, e.g. using peer evaluation.
(3) Alter the method used to select groups.

The first of these approaches is sometimes appropriate but, in the author’s experience, tends to
be adopted in tandem with an assessment component attributed to the entire group. The second
approach is a highly active research area. Many promising methods have been proposed to allocate
individual marks for assessed group work. Lejk and Wyvill (2001) used holistic summative peer
assessments for this purpose. Numerous variants of the popular Individual Weight Factor (IWF)
method proposed by Conway et al. (1993) have been developed (Spatar et al., 2015), e.g. Ko
(2014) included a measure of assessor reliability within an adapted IWF method. These methods
are generally based on peer (and sometimes self) assessment; this was the case for 12 of the 14
studies included in the literature review of Dijkstra et al. (2016). Tu and Lu (2005) used self- and
peer-assessment to rank individual student contributions to a group project with a game theory
approach. Harvey et al. (2019) compared a number of these methods using an agent-based numeri-
cal model. Depending on the group size, they found pseudoinverse marking (for small groups
working onmultiple projects) and normalised peer assessment (for large groups) to be most suitable.

While there are always likely to be some ineradicable problems with such methods (Chowdhury,
2020), Chapman and Van Auken (2001) found that their adoption improves students’ attitudes
towards group work and recommended that they should be used more often, even though these
methods ‘will never completely remedy the inequity problem’. Students who are content to
barely pass a course are likely to invest a commensurate effort in a group assignment; this will
always frustrate more motivated students targeting a high grade. A more serious drawback of
peer evaluation and similar methods is their potential to create conflict, especially if students
within a group have to agree on a unified assessment of each individual’s contribution. Furthermore,
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questions remain to be definitively answered about the validity and accuracy of such methods
(Dochy, Segers, and Sluijsmans, 1999). For example, do friends rate each other more favourably,
are there perceptual biases against minorities (Beneroso and Erans, 2020; Dingel and Wei, 2014),
how can collusive agreements between groupmembers be prevented, and does popularity correlate
with generosity of the peer assessment? Meijer et al. (2020) states that ‘students can perceive intra-
group peer-assessment as unfair’ because of biases such as the reciprocity effect. Mayfield and Tom-
baugh (2019) conclude, based on their study involving 85 student teams, that ‘when using the scores
on peer evaluations for grading or other reward purposes, we are inadvertently allocating rewards
based on unintended criteria’. These issues disfavour the use of the second approach to allocate a
significant proportion of marks for a course. One could envisage a scenario in which a group
member complains that he/she is being unfairly treated in a peer evaluation and their mark does
not reflect their contribution. In that scenario, it can be difficult for the course organiser to ascertain
the true contribution of each individual.

The third approach is the focus of this paper: to somehow tailor groups to mitigate the freeloader
problem. Huxham and Land (2000) divided all of the methods for allocating students to groups into
three broad categories: (i) random selection; (ii) allowing students to select groups themselves; (iii)
allocation by academic staff, often the course organiser. A fourth category mentioned by Mantzioris
and Kehrwald (2013), mixed pair selection, is a combination of random selection and student selec-
tion developed by Mahenthiran and Rouse (2000).

Random selection is perceived as fair by students, though paradoxically the inherent randomness
can lead to severely imbalanced, and hence unfair, groups (Pitt, 2000). The literature survey of Man-
tzioris and Kehrwald (2013) strongly indicates that students do not favour random selection, stating
that ‘it leads to lower levels of student satisfaction and that it is linked with poorer teaching and
learning outcomes’. The authors recommend that randomly selected groups ‘should not be
adopted by academics in tertiary settings’ (Mantzioris and Kehrwald, 2013), instead concluding
that student-selected groups ‘are highly favoured by students, with better affective and cognitive
outcomes, improved satisfaction with group work and students’ preferred allocation system for
future group projects’. This lends credence to the widespread belief among academic staff that stu-
dents strongly favour student-selected groups (Chapman et al., 2010). However, not all studies
concur, e.g. 52% of the students surveyed by Chapman et al. (2010) preferred random selection.
Some consider student-selected groups to be potentially unfair, as the most capable students can
choose to work together (Analoui, Sambrook, and Doloriert, 2014). Huxham and Land (2000)
point out the potential for social isolation, discrimination and bias inherent to student-selected
groups. Moore and Hampton (2015) found that an overwhelming majority of domestic students
prefer to work with group members from a similar cultural background, with the surveyed students
citing reasons such as awareness of academic requirements and language proficiency.

Rather than randomly or student-selected groups, this paper favours the allocation of students to
groups by academic staff. One possible approach involves issuing a questionnaire to the students
(Beheshtian-Ardekani and Mahmood, 1986; Huxham and Land, 2000). Muller (1989) found that
groups formed based on the approach of Beheshtian-Ardekani and Mahmood (1986) have ‘a modest
advantage over groups that are formed randomly’. In the comparative study presented in this paper,
rather than using a questionnaire, students were asked to provide confidential feedback on the contri-
bution of their peers to two previous group assignments. This numerical feedback was used to allocate
groups for a third assignment: a substantial engineering design exercise. By having many students con-
tributing to the peer evaluation of each individual student, biases associated with peer evaluations due
to friendship groupings, etc. were mitigated. The nature of the group assignments and the motivation
behind the development of a new method for allocating groups are described in Section 2.

This paper is not presented as a typical case study and is instead described as a ‘comparative
study’. The novel group allocation method presented in this paper was developed to reduce
student dissatisfaction with randomly selected groups in a specific context explained in Section 2.
This research presented herein was not originally designed as a case study for publication. After a
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trial of the group allocation method was highly successful, it was realised that it may be of use to
others and sufficient data were available to enable a comprehensive analysis. These considerations
motivated summarising this study for dissemination in the literature.

Three objectives were considered when devising the group allocation method which, if met,
would be conducive to student learning:

. It should be considered fair by the students.

. It should not discriminate or introduce biases.

. It should minimise the possibility of discord among the students.

The research question is to assess howwell a novel group allocation method based on peer evalu-
ations compares to random group allocation for achieving these three objectives.

2. Course structure and context

The author is the course organiser of Chemical Engineering Design 3: an undergraduate course which
is mandatory for all third-year BEng and MEng Chemical Engineering students at the University of
Edinburgh. The course is also a popular option for visiting engineering students. It is classed as a
20-credit Level 9 course under the Scottish Credit and Qualifications Framework. Chemical Engineer-
ing Design 3 draws uponmany of the technical subjects which the students study either at Edinburgh
or at their home institutions in the case of visiting students, e.g. unit operations, process dynamics
and control, and process safety. In the 2017/2018 academic year which is the focus of this study, 111
students were enrolled on the course at the outset (34% female) of which 15 were visiting students
from outside the UK. In Section 4 of this paper, a comparison is made with the previous academic
year – 2016/2017 – in which 99 enrolled students were allocated to groups for each assignment
in a conventional (quasi-)random manner. Apart from the group allocation method, the course
was run similarly in both years to enable a meaningful comparison.

In both academic years, Chemical Engineering Design 3 took place over an 11-week semester
(some organisational changes have since occurred). The course is centred around the design of
an oligomerisation plant to convert the propene and butene in low molecular weight feed
streams into more valuable, higher molecular weight alkenes. The assessment takes the form of
seven assignments distributed throughout the semester. All assignments are completed in groups
of 3–8 students, depending on the nature of the assignment. The groups change from assignment
to assignment. None of the assignments have an individual component. Each assignment carries
between 10 and 55 marks, summing to a course total of 160 marks. For all assignments, marks
were awarded only for technical criteria.

Those three assignments described below are relevant to this study. Week numbers relate to
teaching weeks during the semester: week 1 ran from 15–19 January 2018.

(1) DESCRIPTION Draw a block flow diagram of the process; carry out mass and energy balances
around the key reactor; answer two short questions requiring a literature search.

TIMEFRAME Issued in week 1; submitted in week 2.
GROUP SIZE 6–7 students
MARKS 15

(2) DESCRIPTION Simulate the plant at a high level using Honeywell’s UniSim Design process
simulation software.

TIMEFRAME Issued in week 3; submitted in week 5.
GROUP SIZE 3 students
MARKS 20

4 K. J. HANLEY



(3) DESCRIPTION Create a process flow diagram, process description, preliminary layout drawings
and equipment list for the plant.

TIMEFRAME Issued in week 5; submitted in week 9.
GROUP SIZE 6–7 students
MARKS 55

For all assignments, students receive a group mark as long as they make any contribution: the
marks don’t reflect students’ individual contributions. Hence it is especially important to address
the ‘freeloader’ problem described in Section 1. Assignment 3 is the largest assignment in Chemi-
cal Engineering Design 3, accounting for around a third of the total course marks. Assignment 3
cannot be divided up easily and completed by individuals: it requires significant interaction
between the group members as the flow diagram, layout drawings and associated documen-
tation are heavily dependent on one another. At the time of this comparative study, the non-vis-
iting students had experience of working in groups from previous academic years. Furthermore,
in the semester prior to Chemical Engineering Design 3, students were given the opportunity to
participate in optional workshops aimed at improving their professional skills, including team-
working skills.

Student-selected groups are not advisable for Chemical Engineering Design 3 because of the high
proportion of visiting students who lack an established relationship network. Historically, groups had
been allocated randomly for all assignments. Although simple, a purely random allocation invariably
led to groups which were much more or less academically capable than the average. Students per-
ceived this to be unfair, especially those who considered themselves disadvantaged. A significant
freeloader problem also caused dissatisfaction: students who contributed disproportionately to
their group’s submission were not rewarded for their effort. More recently, a constrained randomis-
ation has been used in which groups are allocated according to an algorithm which disfavours
having the same students working together multiple times. This is an example of a ‘quasi-
random’ selection process mentioned by Mantzioris and Kehrwald (2013). Quasi-random allocation
has the social benefit of maximising the number of different students that any given student works
with – a particular benefit for visiting students – but otherwise this approach has similar disadvan-
tages to the purely random allocation. Purely random or constrained random approaches do a dis-
service to students at both extremes of the effort spectrum: highly motivated students are frustrated
by freeloaders; unmotivated students do not engage with the assignment or achieve the learning
outcomes.

The drawbacks of this (quasi-)random group allocation process led to the development of the
approach described in this paper for allocating groups based on effort, not academic ability. This
point is crucial: allocating students of similar academic ability to groups would be unfair and lead
to student dissatisfaction (Pitt, 2000). Rather, students who invested a lot of effort in the first two
assignments were grouped with similarly motivated students; freeloaders with similarly disengaged
students. The hypothesis was that the highly motivated students would be less frustrated by the
presence of freeloaders. At the same time, many of the freeloaders, who lack motivation but not
necessarily academic ability, would have to change their habits to complete the assignment satisfac-
torily. These students would no longer have the luxury of leaving most of the work to others and
would benefit by truly achieving the learning outcomes. Even though ultimately students were
assessed against their attainment of learning outcomes, effort was chosen rather than a measure
such as the quality of learning outcomes attained as it was easy for students within a group to evalu-
ate and report. The two-step process of acquiring students’ feedback and allocating groups based on
analysis of this feedback is described in detail in Section 3. It is noted that this group allocation
approach can be used in tandem with a method for extracting individual marks from group sub-
missions, although that was not done in this study. These two approaches can be viewed as
complementary.
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3. Peer feedback collection and analysis

3.1. Acquiring peer feedback

A numerical evaluation of the effort invested in the first two assignments by other group members
was sought from each student in the class. The numbers 1–9 corresponded to the following descrip-
tive statements:

(1) Minimal contribution: this group member may as well have been absent.
(2) Slight contribution: group member did very little, leaving the vast majority of the work to others.
(3) Minor contribution: contributed substantially less effort than expected from an even division of

the work.
(4) Reasonable contribution: contributed a little less effort than would be expected.
(5) Contribution in line with expectations, e.g. around 20% of the effort in a group of 5.
(6) Good contribution: contributed a little more to the assignment than would be expected.
(7) Major contribution: contributed substantially more effort than expected from an even division of

the work.
(8) Huge contribution: this group member did more than everyone else put together.
(9) Dominant contribution: this group member practically completed the assignment alone.

MATLAB was used to generate an individuated spreadsheet for each student enrolled on the
course. The spreadsheets were protected so that only one of the nine numerical values above
could be entered alongside each name; nothing else could be altered. Students were not asked
to report their own contribution to each assignment; prior studies have found that self-assessments
correlate poorly with peer assessments (Johnston and Miles, 2004). In the lecture during week 1 of
the semester, students had been primed to expect a peer evaluation based on assignments 1 and 2,
and informed that the groups for assignment 3 would somehow be allocated based on these evalu-
ations. No details were given at that stage. These details were provided in week 4 when 10 minutes
of class time were spent explaining the purpose of this survey and giving an overview of the data
analysis. It was emphasised that their peer evaluation should reflect the effort invested by a group
member, not their technical ability or any other criterion. The students were informed that the
peer evaluations would not affect the marks for assignments 1 or 2; these evaluations would only
be used to allocate groups for assignment 3. As confidentiality is a crucial part of this process, it
was stressed that only the course organiser would ever see the non-aggregated data pertaining
to individuals. Sridharan, Muttakin, and Mihret (2018) highlight that the anonymity of the peer
assessment, and the clear communication of this to the students, is essential so that they are
confident in evaluating free-riders poorly. These instructions were intended to mitigate the
obvious pitfalls associated with group peer evaluation discussed by Pitt (2000). Immediately after
the in-class explanation, the students were e-mailed their bespoke feedback spreadsheet using a
Microsoft Excel VBA script. The students were given six days to return their completed spreadsheet,
by which time assignment 1 had been marked and feedback had been returned to the students,
while the submission deadline for assignment 2 was imminent.

In total, 85 of the 111 students enrolled on the course took the opportunity to return a completed
peer evaluation before the deadline: a return rate of 76.6%. The mean values of all evaluations
returned for assignments 1 and 2 were 4.95 and 4.90, respectively. The distribution of these returned
peer evaluations is shown in Figure 1. Just over half of the peer evaluations were ‘5’, i.e. a contri-
bution in line with expectations which matches the average contribution of all group members.
Such a high proportion was anticipated based on Maiden and Perry (2011) who found that, given
the opportunity, two-thirds of students awarded identical grades. Similarly, 71.4% of the groups
in a study conducted by Planas-Lladó et al. (2020) chose to distribute peer marks equally among
group members. The proportions of students adjudged to have contributed either less than or
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more than the group average were almost equal, both comprising around 25% of the total. As in this
study, Lejk and Wyvill (2001) found that ‘when a group member did perform outstandingly well or
outstandingly poorly, this also seems to have been reflected in the grades’. None of the students had
special circumstances, e.g. illness, which prevented their contribution to assignments 1 or 2. If that
were the case, the affected evaluations would have been disregarded so that students were not
penalised for circumstances outwith their control.

There is a negative skew to the distribution (a longer left tail), indicating a greater willingness for
students to give a low evaluation score than a high one. This may be expected as giving an evalu-
ation of 1 or 2 does not reflect badly upon the evaluator whereas an evaluation of 8 or 9 implies that
the evaluator had not contributed appropriately to an assignment.

3.2. Allocation of groups

The methodology by which groups are created based on these peer evaluations is straightforward.
This was helpful when explaining the methodology to the students in the interests of transparency.
MATLAB was used to extract the peer evaluations from each of the 85 submitted spreadsheets,
associating each evaluation with a student, a group identifier and an assignment. The 26 non-
respondents were assumed to have returned default values of 5. This assumption was made
rather than using an average from the other evaluators because of the small group sizes for assign-
ment 2. Including data for the 26 non-respondents was necessary to ensure that each student’s con-
tribution was assessed by a similar number of peers; otherwise, the influence of a single student’s
evaluation would increase with the number of non-respondents. Figure 2(a) shows a simple
network in which the five nodes represent students and the directed edges (arrows) linking
source and target nodes represent the reported peer evaluations. In this figure, student C is involved
in two assignments: one with students A and B and another with students D and E. Student E did not
respond so his/her peer evaluations are taken as 5.

For both assignments, the mean for each group was converted to 5 by a simple addition. For
example, consider students A, B and C. The total of the 6 unweighted evaluations for this assignment
is 33: a mean of 5.5. Therefore, each of the 6 evaluations is reduced by 0.5 to obtain the network shown
in Figure 2(b). For the group comprising students C, D, and E, the evaluations must be increased by 0.5
to achieve a group mean of 5. This weighting step is essential to prevent students in a group colluding

Figure 1. The distribution of peer evaluations in the 85 returned spreadsheets.
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by exchanging excellent evaluations. If each group member gives every other member 9, this leads to
weighted evaluations of 5. Finally, the weighted mean is calculated for each student as an average
of these weighted evaluations. In the example shown in Figure 2, student A has a weighted mean
of (6.5 + 8.5)/2 = 7.5 while student C has a weighted mean of (4.5 + 4.5 + 5.5 + 6.5)/4 = 5.25.

This simple but unusual normalisation procedure is very different from the conventional normal-
isations proposed by Sharp (2006) and Spatar et al. (2015). A per-student normalisation cannot be
applied since students do not evaluate their own contribution, only those of others in a group. A
student might believe they have contributed the vast majority of the effort to an assignment in
which case they would give evaluations of 1 or 2 to all of the other group members. It would not
be reasonable to scale this student’s low evaluation scores so that the other group members get
an unwarranted average of 5. This problem was eliminated by applying the normalisation at
group level rather than at student level.

The 111 studentswere ranked in order of theirweightedmeans. The first group comprised those six
studentswith thehighestweightedmeans; the secondgroup, thenext 6highestweightedmeans, and
so on. Figure 3 displays the full 111-node network in a circular layout. The nodes in Figure 3 are sized
according to their weightedmeans, as is the case in Figure 2(b). The edges linking the nodes show the
interconnections between thegroups for assignments 1 and2. To ensure therewere noobviousbiases
in the network, three criteria were checked: gender, nationality and local/visiting student status. No
biases were apparent. Two students were omitted when assigning groups as they left the course.
These two students are indicated by the concentric circular nodes in Figure 3. This led to the final
assignment of 109 students to 18 groups: 17 groups of six students and one group of seven students.
The students were not told the ordered ranking of the groups; the groups were instead assigned
random identifiers before being issued to the students along with assignment 3.

Assignment 2 had a small group size (three students) which could reduce the reliability of the
peer evaluations for that assignment (Gúzman, 2018). To assess this effect, weighted means were

Figure 2. An illustrative network of five students participating in two assignments. (a) shows sample peer evaluation scores
reported by the five students. (b) shows the same evaluations after a weighting process which brought the mean evaluation
to 5 for each assignment group. The node sizes in (b) depend on the weighted evaluations.
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calculated using the data for assignment 1 alone and compared with the weighted means calculated
using the data for assignments 1 and 2 together. These were very strongly correlated (r(109) = 0.88,
p<0.001) which indicates that the inclusion of the data for assignment 2 did not significantly affect
the allocated group compositions.

4. Results of the comparative study

4.1. Group performance in assignment 3

The summary statistics for the 2016/2017 and 2017/2018 academic years are compared in Table 1.
The average marks are almost the same. The key difference is the larger standard deviation in 2017/
2018 when the group allocation approach described in Section 3.2 was adopted. This is expected as
the newly developed approach concentrates the freeloaders in a small subset of the groups, separate
from the highly motivated students in another subset. The quasi-random approach distributes both

Figure 3. Circular layout of an undirected network in which the 111 nodes represent students and the 399 edges show the com-
position of the groups for assignments 1 and 2.

Table 1. Comparison of summary statistics for the groups’ performance in assignment 3 in the 2016/2017 and 2017/2018
academic years.

2016/2017 2017/2018

Average group mark 67.0% 66.6%
Standard deviation between groups 10.0% 14.8%
Minimum mark 49.1% 41.8%
Maximum mark 91.8% 90.0%
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freeloaders and motivated students randomly among the groups leading to greater homogeneity of
the groups’ performance.

The average weighted mean peer evaluation of the group members is the average of the 6/7
numbers represented by the node sizes in Figure 3; group 1 has an average weighted mean of
5.94, decreasing to 3.75 for group 18. There is a moderate positive correlation between the group
mark and average weighted mean peer evaluation of the group members which is significant at
the 95% level: r(16) = 0.46, p<0.05 . This correlation is also indicated in Figure 4. This correlation indi-
cates a significant performance disparity between those 10 groups with average weighted mean
peer evaluations . 5 and the 8 groups with lower peer evaluations. The former received a mean
groupmark of 73.5% compared to 57.8% for the latter. However, it is crucial to note that the perform-
ance of a group is not preordained by the group’s ranking. Compare groups 2 and 18 which are high-
lighted in Figure 4. These groups received almost identical marks even though their contributions to
assignments 1 and 2 were markedly different. The members of group 18 – the least engaged group
according to the peer evaluations – may have been content to coast through the first two assign-
ments, being carried by others in the group. If these group members had been placed in another
randomly allocated group for assignment 3, they may have continued with the same mindset.
However, when placed in a situation in which they had to contribute, they proved they had the
ability to submit work that is better than average. The joint-best submissions came from group 1,
as one might have expected, and group 9, which one would not have.

To supplement the weighted mean peer evaluations, a second measure was computed for each
student: the ‘predicted learning score’. This estimate is the proportion of the marks attained in
assignments 1 and 2 that a student is responsible for, allotted by the weighted mean peer evalu-
ations in each assignment. It was computed as

predicted learning score =
∑2

i=1

weighted mean in assignment i× assignment i %
5× number of group members in assignment i

. (1)

The denominator is simply the sum of the weighted means for the group members in assignment i
alone. In the ideal case in which each student in a group invests the same effort, the weighted
means should all be 5 so students would simply receive pro rata shares of the percentages obtained.
Suppose, for example, that a student is in a group of 6 for assignment 1 and a group of 3 for

Figure 4. The group mark in assignment 3 versus the average weighted mean peer evaluation of the group members.
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assignment 2, for which the groups received 60% and 72%, respectively. Assuming equal contributions
and weighted means of 5, this student would have a predicted learning score of 5×60

5×6 + 5×72
5×3 = 34.

One would expect a positive correlation between the weighted mean peer evaluations of the
group members and the predicted learning scores, and that is indeed the case: r(109) = 0.60,
p<0.001. It is believed there is not a stronger correlation because Equation (1) depends on the assign-
ment marks which are affected by both effort and technical ability, whereas the weighted mean peer
evaluations depend only on the effort invested by the students. The average predicted learning
score was obtained for each group which ranged from 23.7 to 44.2. Figure 5 shows the relationship
between this measure and the group mark in assignment 3. This showed a moderate positive cor-
relation (r(16) = 0.48, p<0.05), similar to Figure 4. The average predicted learning score had a very
strong correlation with the average weighted mean for a group (r(16) = 0.90, p<0.001).

4.2. Students’ text feedback from course evaluations

In both the 2016/2017 and 2017/2018 academic years, students were invited to return anonymous
course evaluations after the semester had finished. In addition to soliciting numerical feedback
about the course as a whole, these evaluations allowed students to submit free-form text feedback
in response to two questions: (i) What did you find most valuable about the course?; (ii) What
improvements, if any, would you make to the course? The report from 2016/2017, when (quasi-
)random group allocation was used for all assignments, contained the following direct quotations
from students on suggested improvements:

. If one/several group members show lack of effort in group work, this should be accounted for
when marking the group projects to make it fairer.

. It is extremely unfair that everyone in the group achieves the same mark for each assignment.
There are many members of our year group who have got very high marks yet have contributed
very little to the groups. On multiple occasions I have done the vast majority of work myself as
groups members are not willing to put the work in. I do not feel as though my mark for this
course will be a fair reflection of my abilities as I have been let down by my group members.

. The way the groups are made. Would like that hard working are put with other hard working
people.

Figure 5. The group mark in assignment 3 versus the average predicted learning score of the group members.
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. Some people made no effort in groups and yet were reward the same marks as the rest, this
seriously need to be addressed.

. The groups need to be better allocated, i know [the course organiser] made them random to be
impartial but too many times I ended up in groups where the bulk of the work and responsibility
lay with me. This thus has had an impact on the mark received for this course. I do not know if I
have been unlucky to have had this happen in almost all groups I have been in. But as you can
understand this is very upsetting and frustrating. I would like the optional peer review at the end
of the assignments to be implemented as some now have As in this course after no to little work
and I have a B with countless hours with little help from others.

This dissatisfaction was also apparent from discussions with the students. In contrast, there were
no comments received in the 2017/2018 course evaluations relating to group allocation or disparities
in effort invested by group members. This is because when the ‘peer-assessed effort’ approach was
used to allocate groups for the largest assignment, the students had an active role in determining
the groups and the ‘lottery’ of random allocation was avoided.

Of course, this is not a panacea for all problems with group assessment. There will always be stu-
dents who choose not to contribute to group assignments irrespective of the group’s composition
which will cause dissatisfaction for the contributing group members. This is particularly true in cases
where there is no quantification of an individual student’s contribution (Conway et al., 1993).

5. Discussion and conclusions

Three objectives were defined in Section 1 by which the success or failure of this group allocation
method can be judged. Firstly, the method should be considered fair by the students. This objective
is considered to have been met. The group allocations were based solely on the students’ feedback
rather than the lecturer’s judgement; the element of fortune associated with (quasi-)random allo-
cation was eliminated; group marks for assignment 3 should be more closely aligned with expected
individual marks as students within a group were similarly motivated; and effort invested in assign-
ments 1 and 2 was seen not to go unrewarded. The direct quotations from students in Section 4.2
allude to the unfairness of giving everyone in the group the same mark irrespective of contribution,
especially if others in the group contributed minimally (Conway et al., 1993). Student dissatisfaction
was greatly reduced by adopting the novel group allocation method presented in this paper.

Crucially, no apparent biases were introduced into the group allocation process, meeting the
second objective. Three specific criteria were checked for the allocated groups as mentioned in
Section 3.2. Furthermore, the instruction to the students to allocate groups based on effort rather
than academic ability was heeded; this is highlighted by the performance of group 18 (Figure 4).
The weakest submissions were largely due to a lack of effort or inattention to detail rather than a
fundamental lack of technical understanding.

Finally, the group allocation process should minimise disputes among the students. Although this
was not quantified, the frustration caused by the (quasi-)random group allocation approach (see
Section 4.2) is likely to have led to disputes which would be reduced by adopting the ‘peer-assessed
effort’method described in this paper. The design of this group allocation method should also mini-
mise disputes among students: all peer evaluation data were confidential and there were sufficient
data points to prevent students from estimating their own peer evaluation scores; students who pre-
viously displayed a similar work ethic were grouped together; and students were not delegated the
task of self-selecting groups which has great potential for conflict among groups of friends, particu-
larly those of differing ability and/or motivation.

Although group work is valuable for the development of professional skills, it has the potential to
create student dissatisfaction due to free-riding (Hall and Buzwell, 2013). This is often addressed by
attempting to extract individual marks from group submissions, e.g. using peer assessments (Dijkstra
et al., 2016). This study augments the existing literature on group allocation by proposing a new
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alternative: groups are allocated by academic staff based on peer evaluations of previous assign-
ments. The findings of this paper should be a useful contribution to the literature as degree pro-
grammes in engineering often have multiple instances of assessed group work each year,
providing a ready source of data to implement this approach with a subset of these assignments.

Since this group allocation approach was trialled, several possible improvements have been
identified. 76.6% of students returned a completed peer evaluation in this study: a high proportion
but even higher would be better. Maximising the return rate becomes increasingly important as the
class size reduces. Someone who adopts this approach might consider awarding a tokenmark or two
for returning a completed peer evaluation. This would encourage student participation and produce
a more robust dataset.

A constraint might be included on the permissible student evaluations. In this study, there was
nothing to prevent a student from returning evaluation scores of 9 across the board even though
this doesn’t make sense and it would be detrimental to the evaluating student when the normalisa-
tion is applied. It did not happen in this study but it might have if a student misunderstood the
method. A simple constraint would prevent this: a student cannot report that each of his/her
fellow group members contributed much more than their fair share as that is not possible. Note
that the converse is possible in the absence of self-evaluation: each of his/her fellow group
members could contribute much less than their fair share.

Several areas which would benefit from further investigation have also been identified. This group
allocation method aims to mitigate the freeloader problem. The many proposed methods for
extracting individual marks from group work share this aim. Therefore it would be interesting to
compare the effectiveness of these two approaches systematically, and also explore whether
using these two approaches together is beneficial.

No peer assessment of effort was done for assignment 3 in this study. One would expect lower
average standard deviations of in-group effort in assignment 3 than in assignments 1 and 2 as similarly
motivated students were grouped together. It would be interesting to confirm this in a new study. No
peer assessments of effort were done in 2016/2017 when all groups were assigned quasi-randomly.
Again, one would expect lower average standard deviations of in-group effort in 2017/2018 using
the new group allocation approach. This is likely to be true even for assignments 1 and 2 as students
may have beenmotivated to expendmore effort in these preliminary assignments, knowing that a peer
evaluation would be in store. Again, this hypothesis would be worth testing in a new study.

To conclude, a novel method has been presented to allocate groups more fairly for assessed cour-
sework lacking an individual component. Groups are allocated using numerical peer evaluation data
provided by the students on the effort invested by their classmates during preliminary assignments.
Based on the results of a comparative study, the approach works well and the students’ feedback has
been largely positive. In this comparative study, the mean group mark was almost unchanged from
the mean obtained by quasi-randomly allocated groups. However, there was a broader distribution
of marks around the mean. There was a significant moderate positive correlation (r(16) = 0.46,
p<0.05) between the group mark and the average weighted mean peer evaluation, which is a
measure of the effort invested by the group members in the preliminary assignments.

When devising the ‘peer-assessed effort’ method of group allocation, three objectives were
defined. All have been satisfactorily achieved: the students consider the new group allocation
method to be fair, no evidence of bias was apparent in the peer evaluation data, and it minimises
the possibility of disputes among the students. Since this successful trial, this method remains in
use to allocate groups for the largest assignment in Chemical Engineering Design 3 in preference
to quasi-random allocation.
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