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Abstract:

The Faculty of Engineering and Surveying at the University of Southern Queensland (USQ)
has introduced a series of ProblemBased Learning (PBL) courses as part of the curriculum®®,
Engineering Problem Solving 2 (ENG2102) was introduced in 2002 as part of this change and
has been delivered successfully for three consecutive years. About 250 students enrol in this
course annually, with over 100 students studying externally. One of the major challenges
faced by examiners in such teambased problem-solving courses is how to assess individual
student performance for grading®. While some argue that teamwork should be evaluated by
outcomes and that individual students should receive equal shares, there are others who
believe that individua students must be rewarded based on their contribution to the
teamwork. There are different evaluation techniques proposed in the literature to assess
individual performance in ateam-based project. Rating individual performance within and by
the team members is the method evaluated in this paper. This team rating was verified by
peer evaluation carried out individually by the team members. This paper evauates the
performance of teams and individual students in three different projects in the 2004 delivery
of this course. There was evidence that the majority of the 40 teams (260 students)
appreciated and made use of the opportunity to participate the allocation of assessment marks.
Similar performance patterns were observed in al the three projects. The implementation of
this rating system significantly reduced the individua complaints from the students on the
assessments for this course. It is concluded that this rating method, with minor refinement is
effective in evaluating individua student performance in team-based learning courses.

Introduction

Engineering Problem Solving 2 (ENG2102) is the second of the four Problem-based Learning
(PBL) courses offered by the Faculty of Engineering and Surveying (FOES) at the University
of Southern Queendand (USQ). This is a core course for all FOES programs. It was first
offered in S2, 2002 as part of a radical change in the curriculum to incorporate graduate
attributes in conjunction with technical content. The key graduate attributes considered were
teamwork, critical thinking, communication skills, independent learning and problem-solving
<ills.  The main focus in the technical content includes statistics, physics and GIS and
mapping. This course is offered in both oncampus and external modes of study with over
250 students enrolling annually. ENG2102 is an innovative course that uses problem-based
learning to foster problem-solving skills through team-based learning. One of the major
challenges faced by the examiners in such team-based problem-solving course is assessing the
individual student performance when most assessment items are team-based.
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There are two schools of thought in evauating individual performance in teamwork. One
school holds that the team should be assessed as a whole and that each member receives an
equal share. The other school adheresto the view that individual contribution within the team
should be taken into consideration and rewarded accordingly. The literature is equally
divided in this evaluation according to Ettaro’. Arango and Petrulis both endorse group grades
in collaborative learning in teams, while Kagan strenuously opposes the use of group grades,
claming that they are blatantly unfair, undermine motivation, violate individual
accountability and convey the wrong message®®. Related sentiments have been expressed by
Divaharan and Atputhasamy who noted that “One of the weaknesses in the use of cooperative
learning and using the groups products as part of course assessment is the awarding of equal
grades to al members of the group”®. Kaufman et al., investigated the use of confidertial
peer rating in sophomore-level chemical engineering courses to arrive at individual
performance results for team members'®*. Following Brown™, they converted the ratings to
individual weighting factors that were used to compute individual project gades from the
product of the team project grade and the weighting factor. They found that “the autorating
system works exceptionaly well as a rule.” Furthermore, they state that “Most cooperative
learning experts agree that the approach works best if team grades are adjusted for individual
performance.”

There are different evaluation techniques used to evauate the individua contribution. One
process is to grade the individual contribution (eg: A*, B, C, or D). Another method is to
score the individual contribution out of 100%, which was adopted in our course. It is
interesting to note that in some cases, a score of more than 100% is recommended®.

In our latest delivery of the course (in semester 2, 2004), the teaching team gave overal
marks to each team report but alowed the teams themselves to take some control over how
the team mark was distributed between individual team members. In this paper we use data
generated by the assessment process last year in three team-based problems to evaluate:

= Whether student teams were willing and capable of taking on the challenge of
redistributing marks between individuals; and

= Whether this redistribution of marks had any noticeable impact on overall results.
Methodology Used in ENG2102

Students were allocated into teams of seven. There were 40 teams, 21 teams of oncampus
students and 19 teams of distance learning students. Because of dropouts, 11 teams ended up
with 6 members and 5 ended up with 5 members. Each team was required to be a mix of
students from a range of discipline areas (mechanical, civil, etc.) and range of (two, three and
four year) study programs. The aim was to create teams, which had to integrate members
from a diverse range of backgrounds and abilities. Team membership generally remained
fixed for the duration of the course. Occasionally, students were reallocated to a different
team to accommodate individua needs. The team leadership was rotated among the members
for different problems. A staff member from the teaching team was appointed as the
‘facilitator’ for each team. The facilitator was the principal source of assistance and advice
whenever the team was experiencing difficulties in identifying or solving problems. Each on
campus team had weekly meetings with their facilitator. External teams communicated using
avariety of methods including virtua discussion groups and on-line chat facilities. All teams
submitted a weekly progress report indicating team progress, team difficulties and level of
contribution from each member.
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Three problems were set by the teaching team and each team had about 4 weeks to address
each problem. Teams answers were submitted as a single report. The reports were the
integrated work of the team overall and no individua contributions could be identified from
the report.  The teaching team marked each report according to its validity, completeness and
clarity. The first report was worth 20% of the total assessment, the second and third were
worth 30% each. The remaining 20% was alocated to a fourth individual report (portfolio of
reflections), which is beyond the scope of this paper.

Teams were asked to give a score, out of 100, describing the relative contribution of each
team member. That is, if al team members worked equally hard on the project, each should
be alocated a relative contribution score of 100%. If however, one team member only
contributed half as much as fellow members, that team member should be given a relative
contribution score of 50%, while all othersin the team received 100%.

We used a number of strategies to try to ensure equity in the system. Firstly, the alocation of
relative contribution scores had to be negotiated within the team and agreed to by dll
members. An appeals process was available to students who felt the team had not reached
consensus and/or that the contribution scores submitted were not a fair reflection of team
agreements.

Secondly, we insisted that the relative contribution scores had to be negotiated and agreed
before the report was submitted and submitted at the same time as the actual report. This
ensured al negotiations were concluded before the team knew their team mark. (We wish to
ensure that these negotiations focussed on relative contributions, not relative marks.)

Thirdly, we had two mechanisms for checking that the relative contribution scores were valid.
Each individual student was required to submit a confidential self and peer assessment giving
relative contribution scores for their team. Students who failed to submit this form had their
marks withheld. That way, each individual student’s opinions could be cross-checked across
the team relative contribution scores. Also, the team facilitator was required to check and
certify the validity of the relative contribution scores. An example of calculating the
individua mark for a team report worth 300 marks is shown below in Table 1.

Member Contribution Individual Mark Peer Assessment Individual
(max 100%) calculations Submitted? Mark

Member 1 100% (100/74)*220 = 296 Yes 296
Member 2 80% (80/74)*220 = 237 Yes 237
Member 3 100% (100/74)* 220 = 296 Yes 296
Member 4 50% (50/74)*220 = 148 Yes 148
Member 5 30% (30/74)*220 = 89 No 0
Member 6 80% (80/74)*220 = 237 Yes 237
Member 7 80% (80/74)*220 = 237 Yes 237
Average 4% 220

Table 1. Adjustingindividual marksbased on their contribution
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TeamsWillingnessto Distribute Marksto Individuals

How did the teams take up this challenge? This section discusses whether the student teams
were willing and capable of teking on the chalenge of redistributing marks between
individuals. Table 2 summarises how often teams opted to vary the alocation of marks
between team members in the three problems.

Number of Frequency | Percent
problems

changed

0 4 10.0
1 7 175
2 10 2.0
3 19 475
Total 40 100.0

Table2. Number of teamsopting toreallocate marks

From the above table it can be seen that as many as thirty-six out of forty teams (90%)
decided to change the contribution in one or more problems. Only four teams (10%) accepted
team marks (i.e.,, gave equal contribution scores for each team member) for al the three
problems. Nineteen (47.5%) of teams reallocated marks on all three problems. There was no
significant difference between problems. Problem 1 marks were eallocated by 28 teams,
Problem 2 marks were reallocated by 29 teams and Problem 3 marks were redlocated by 27
teams. In average, 70% of the teams reallocated the marks in each of the three problems.
Only one appeal was received: two students appealing that the team’s alocation of marks was
not a fair representation of their opinions. (In this particular instance, it transpired that the
team had never successfully formed and was acting somewhat as two teams — one of 4 and the
other of 2).

In previous years, students had an opportunity to adjust the marks after they had obtained the
team mark for their report. It was observed that most teams decided not to adjust the mark to
avoid having confrontations with their fellow team members. We believe this is a significant
improvement to the assessment process compared to the previous years of delivery. Student
feedback suggested that students appreciated the opportunity to have their own feedback on
the performance of members of their team included in the assessment process.

“|1 believe that this course is more effective than problem solving one as the team
contribution sheets, and criteria that you are scored on for each project seem to allow
each member to be scored with more accuracy for the level of commitment that they
have showed to the team.”

“This course has a good marking system where the students have to grade each others

performance. This works well except for those who are sensitive and give everyone
100%. The team in general did well and | should be achieving a high grade for the
course.”

The above results provide significant evidence that students do want to distribute their marks

to reflect their contribution within the team. It also results in student satisfaction as evident
from their comments above.
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Comparison and Impact of Team and Individual Performance

Based on the method described in the previous section, the team mark was distributed
according to the weighted contribution of each member to arrive at an individual mark. The
following figures compare the team marks and individua marks for the three problems.
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Figure3. Comparison of team and individual marksfor Problem 3
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In each of these figures we can see that individual marks are more spread than team marks.
We view this as desirable. It is expected that team marks underestimate true spread of
abilities within the class because the team effort represents the amalgam of stronger and
weaker students. Figures 1 and 2 show that team performance is skewed while the individual
marks display a nearer to normal distribution. It should be noted that due to a higher average
team mark received for Problem 3, some individual marks were capped at 100%, which
resulted in a dightly different distribution in Problem 3 compared to the other two.

The following three graphs in Figure 4 show the percentage contribution rating for each
student across the 3 projects. The number of students contributing 95%-100% for a problem
rose from about 128 (50.6%) towards 149 (59.6%) over the three problems. This perhaps
indicates the impact of peer pressure as they progress through the three problems, and
expressed through the peer review process, encouraging al team members to contribute fully.
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Figure4. Comparison of individual contribution across threeproblems

Figure 4 also indicates that more than 50% of the students are considered by their team as
contributing fully (95%-100%) when working in a team environment. Apart from a few
exceptions, the contributions by the others vary in the range above 50%. The above
distribution provides us with some guideline on the level of minimum contribution by a
student to be considered to be making a genuine effort in a team based problem.

The following three graphs in Figures 5, 6 and 7 show the relationship between the team
marks and individual marks on each of the three problems. It should be noted that with no
peer adjustment, these results would follow a 45 degree straight line. The level of scatter
around this line indicates the effect of the peer review process on the individual marks.

The associated correlation statistics for the relationship between individual marks and team
marks are;

o 0.59 for Problem 1

o 0.68 for Problem 2

o 0.62for Problem 3

A correlation of 1.00 would imply that the peer review had no effect on individual marks. On
the other hand, a correlation of 0.00 would imply that that team mark had no effect on
individual marks. The results above show that peer review and team marks are impacting on
final individual marks. An overall correlation of 0.66 across al the three problems indicates
that both the peer review and the team mark are affecting the individual mark of a student.
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Problem No Variation of marks accounted for by different factors
Team mark alone | Contribution scorealone Team mark and
Contribution score
Problem 1 34.9% 23.2% 73.1%
Problem 2 45.8% 54.7% 87.1%
Problem 3 38.1% 57.0% 84.3%

Table3. Comparison of thevariation of marksaccounted for by different factors

A linear regression analyses was carried out to study the effect of team mark and contribution
score on the variation of individual marks. The results are summarised in Table3. When
results of all three problems are considered about 44% of the variation could be accounted for
by team marks alone compared to 40% from contribution score alone. The effect of
contribution score on the variation is only 23% in Problem 1, but increases to 57% in Problem
3. The apparent increase in the effect of the contribution indicates that the ttam may be
becoming more critical of members whose relative contribution is lower. Thisis also evident
from Figures 57, where the scatter is becoming wider on the lower side of the 1:1 line from
Problem 1 to Problem 3. About 80% of the variation could be accounted for by the combined
effect of team mark and the contribution score.

The above results provide us with evidence that, yes students can and do want to have some
input into the final distribution of team marks between individuas, and yes, this process can
have a significant impact on both student grades and student satisfaction.

Feedback from students as given below strengthens the contention that the assessment process
isworking very well and isimpacting on the individual grades.

“How our grades were compared to others in the course. | found this a source of
motivation as did other team members.”

“1 would have to say that the biggest improvement over [problem solving 1] was that
our marks are now individualised. Also the electronic submission setup adopted by you
guysisbrilliant.”

“The best part of this course is that it has been marked fairly, which | don’t think was
necessarily the case for Problem Solving 1. As | have, in general, done a fair bit more
work than most of my team mates, | have also been accorded a better mark.
Unfortunately, most of my team mates will have to learn the hard way, that you only get
out what you are prepared to put in, and riding on someone else’s coat tails may work
at school, but university is another matter.”

Further Developments

While there is clear evidence that the assessment process of individual contribution is
working very well in nearly all cases, one team did experience considerable problems:

“Worst aspect | experienced was in Problemsolving 2 when the whole team knew
everyone and ganged up on me & another guy to give us bad marks so they could give
themselves good marks.”
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We consider that our mechanisms have inbuilt safeguards to protect our students from similar
repeats of this unfortunate incident. Some of the mechanisms we have include:
= Cross-check with the confidential self- peer assessment,
= Facilitator’ s input based on monitoring the team progress and other documented
evidence such as weekly progress report by the team.

As discussed in the previous section, it is evident from the level of contribution (Figure 4) that
most team members are contributing in the range of 50-100%. This gives us a strong
justification to expect a contribution of at least 50% by each student to be considered as
making genuine contribution to the team report. While this gives a motivation to each student
to satisfy the individual assessment requirements for this course, it aso prevents possible
isolation of one or two students who are being unfairly marked cown by the other team
members. We plan to implement this minimum contribution of 50% in the current delivery of
the course in semester 2, 2005.

While this process works well in most cases, we have found in some instances where the team
mark is greater than the average contribution by the team. In such cases, the members
contributing 100% will be receiving a mark greater than 100%, which will need to be capped
at 100%. Thisis a mathematical anomaly in the agorithm that is sometime encountered in a
teamwith many high-achievers.

The process of assessing the individual marks had obtained wider acceptance within the
students teams and other engineering problem solving courses within the Faculty. This
method is currently being adopted by the foundation and pre-requisite course Engineering
Problem Solving 1 (ENG1101). We believe once the students are familiar with the
assessment scheme in ENG1101, the teams will be in a position to give us a better judgement
of their peers when they are enrolled in ENG2102.

Concluding Remarks

The introduction of the Engineering Problem Solving courses has brought radical changes to
the curriculum within the Faculty of Engineering Surveying at USQ. The second level course
ENG2102 has been delivered successfully for three years, for both on-campus and external

modes of studies and leads the authors to claim that:

= The mgjority of the teams are willing to distribute the team marks to reflect the individual
efforts of the members.

= Incorporation of peer review has a significant impact on the distribution of team marks vs
adjusted individual performance, where the individua performance has a wider
distribution, much like one would expect in alarge class.

= There is strong evidence of acceptance and satisfaction of their final mark based on the
process of distribution used in this course.

= With minor refinement, the method employed in this course is effective in evaluating
individual student performance in team-based learning courses.
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