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There is increasing use of self- and peer assessments to assess behaviours of students working on group projects. This

study aimed to explore the reliability and usefulness of self- and peer assessments during a capstone design project. A

sample of 61 final-year undergraduate students aged 23 to 25 years old who were enrolled in Bachelor Degree of

Chemical Process Engineering participated in the study. Students worked in groups of 5 to 6 members for 28 weeks to

complete the project. Training was provided, and progress was monitored. Self- and peer assessments were conducted

during the 6th, 14th and 22nd weeks. In each assessment, students rated their own behaviours and those of their peers

using identical Likert scale questionnaires, and they also wrote feedback to themselves and their peers. Quantitative

findings reported that, in the 6th week, students ranked themselves (mean = 3.98) significantly lower than how they

ranked their peers (mean = 4.16). In the 14th week, students still ranked themselves (mean = 4.14) lower than how they

ranked their peers (mean = 4.20). Last, in the 22nd week, students ranked themselves (mean = 4.24) equivalent to how

they ranked their peers (mean = 4.24). For qualitative findings, feedback written to peers in the 22nd weeks was

compared to self-assessment feedback from that week. Self- and peer observations on one’s strengths and areas for

improvement seem to converge both quantitatively and qualitatively towards the end of the project. It is also noted that

both self- and peer assessment scores increased between the first and third assessments. The findings imply that students’

behaviours improved while working on the capstone project. In conclusion, self- and peer assessments could be reliable

and useful for chemical engineering students, and training students in how to conduct these assessments is essential to

ensure successful implementation. Future qualitative research could identify how and why students gradually change

their behaviours in long-term, team-based projects.
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1. Introduction

The Washington Accord adopts 12 graduate attri-

butes to safeguard the standards of engineer educa-

tion [1]. The graduate attributes explicitly describe

the expected competencies in technical knowledge,
technical skills and professional behaviours among

graduates, and an engineering programme that

meets the standard is accredited [1, 2]. The training

in a four-year engineering programme, however,

has compartmentalised this technical knowledge,

these technical skills and these professional beha-

viours into courses (i.e., modules). Therefore, engi-

neering design as a course is essential for students to
utilise technical knowledge, technical skills and

professional behaviours to solve industrial pro-

blems [3]. It is common for engineering pro-

grammes to implement a capstone design project

for final-year or senior-year students. The capstone

design project requires students to integrate all

knowledge they have acquired from the engineering

programme to solve a real-world industrial design
problem. Capstone design projects are usually a

form of project-based learning, in which students

achieve a shared goal through collaboration in

groups [4]. Students also take charge of their own

learning; they outline the design and conduct inves-

tigations to achieve the project goals, and through-

out the problem-solving processes, the students
communicate and collaborate as they reflect and

improve on their project [4, 5]. Apart from applying

their technical knowledge and skills, students are

required to demonstrate professional behaviours

while working on the project. The Washington

Accord defines these professional behaviours as

ethics, teamwork and leadership, communication

skills and lifelong learning [1]. In the real world,
employers demand professional behaviours such as

the abilities to communicate, to be a team player, to

be proactive in solving problems and to show

management skills [5–7].

A capstone design project requires group mem-

bers to work collaboratively for months. This

setting enables opportunities for development or

examination of student behaviours. Traditionally,
lecturers are the sole assessors of their students’
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project-based learning. In the past decade, there has

been increasing use of self- and peer assessments to

assess behaviours of students working on group

projects. This section discusses the validity, relia-

bility and usefulness of peer assessments. First,

validity refers to the extent to which the instrument
can accurately measure what it intends to measure

[8, 9]. Students must meet to propose, discuss,

negotiate and make decisions on group projects.

Through these interactions, peers have opportu-

nities to observe the behaviours of their group

members, and hence, peer observations could be

more accurate than lecturers’ assessments could

[10, 11]. Second, reliability denotes the extent to
which the instrument can consistently register the

same measurements [8, 9]. Requesting group mem-

bers to assess each other increases the number of

assessors, and hence, this broader pool can enhance

the reliability of the assessments [12]. The assess-

ment is reliable if peers assign the same score to one

student and if the score matches that on the

student’s own self-assessment. Third, usefulness
indicates the extent to which an educational inter-

vention could enhance students’ graduate attributes

[13, 14]. Some students are uncooperative when

working in groups [15]. Through effective imple-

mentation of peer assessment, peer monitoring may

prevent free riders and social loafing problems such

as laziness among students [11, 16]. Peer assess-

ments can also improve students’ perceptions of
team-based projects; in Willey and Gardner’s study

[17], students increased their engagement levels

when working in groups and their abilities when

working to achieve goals, and further, they prac-

tised higher-order thinking by observing and asses-

sing their peers [18].

Self-assessment, in contrast, enables students to

assess themselves, their actions and the conse-
quences of their actions. Self-assessments engage

students in the processes of observing themselves,

producing judgements about themselves, and react-

ing to their judgements; these processes enhance

self-efficacy [19]. Through self-assessment, students

reflect on their strengths and areas for improvement

[18]. By changing the roles from passive recipients

of grades to active assessors, students can use
assessments to monitor, guide and motivate them

to achieve their goals [20]. Self-assessments enable

students to be more responsible for their own

learning [20] and are essential for students because

self-reflection leads to continuing professional

development independent of lecturers’ instructions

or input [21]. This is a form of lifelong learning. In

the context of this study, a self-assessment is reliable
if it registers the same score as that of the peer

assessment.

Learning theories might explain how self- and

peer assessments could be useful. Self-determina-

tion theory [22, 23] explains the development of

professional behaviours among students using peer

assessments. Students are extrinsically motivated

when they obtain satisfaction by receiving rewards

and avoiding punishments, when they are able to
preserve their egos in front of the community and

when they are able to recognise their importance to

the group [22, 23]. When students are informed of

conducting peer assessments for the capstone

design project, as there are peer monitoring pro-

cesses, students are extrinsically motivated to per-

form their tasks as team members. However,

students may come to enjoy the group work experi-
ence and become intrinsically motivated to engage

in teamwork. Students gain intrinsic motivation

when they have pure interests (as compared to

rewards and punishments) and enjoy their roles in

the group [22, 23]. Reflection is like a mirror for

students to view and focus on what they have

behaved and respond emotionally to their beha-

viours [24]. Reflection consists of thinking processes
in which individual students recall and evaluate

their past actions to acquire a new understanding

of their actions [25]. The students then confront

their actions and resolve contradictions between

their previous behaviours and what they could

have done [24]. Triggered by these confrontations,

students gain new understanding of their previous

behaviours and adjust their behaviours accordingly
[25]. Self-assessments are an application of reflec-

tion; they enable students to assess their actual

behaviours against the expected behaviours and

turn to a new leaf.

Peer assessments have benefits, but nevertheless,

there are concerns about the validity, reliability and

usefulness of both types of assessments. Students

may be dishonest in assessing peers [26] or reluctant
to criticise their peers [27], and this is a common

concern especially among Asian students [28]. In

self-assessments, students may be dishonest with

themselves [26], and because self-assessment is a

form of self-reflection, students must first have the

ability to self-analyse [29]. Low- and high-perform-

ing students alike struggle to develop self-awareness

[30]; most low-performing students are unaware
that their performance is low, and they can over-

estimate their peers and themselves [20]. Lecturers

must not assume that students have the capacity for

self-reflection, and furthermore, overestimation

and underestimation are both potential threats to

self-assessments [10, 18]. The usefulness of self- and

peer assessments is also of concern, as peer assess-

ments may not be able to facilitate the positive
development of a group member’s behaviours due

to other members’ lack of authority [10]. A student

may even become angry with other group members
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upon receiving negative feedback. Peer assessments

also assume students are be receptive to feedback

given by peers, expecting them to be calm when

receiving honest but critical feedback.

There are reviews that discuss the validity and

reliability of self-assessments [19] and peer assess-
ments [10], but there has been limited discussion on

engineering students [7]. These previous studies

may be unable to fully represent engineering stu-

dents because engineering students have distinctive

characteristics: they can be prone to make judg-

ments objectively and impersonally rather than

subjectively and personally, and they tend to work

in a planned and decisive way rather than in a
spontaneous and flexible way [31]. Students’ char-

acteristics influence their acceptance of educational

training and assessments [32], and the question of

how engineering students may respond to self- and

peer assessments remains unexamined. The answer

to this question is important because student accep-

tance of self- and peer assessments is essential to the

effectiveness of these assessments [33, 34]. There-
fore, an exploration of the reliability and usefulness

of self- and peer assessments may guide future

applications of both assessments for engineering

students. The following sections feature this study’s

objectives, methodology and results; a discussion of

the results; and a conclusion of the study.

2. Objectives of the Study

The objectives of the study were threefold: (i) to

compare self-assessment and peer assessment

results of final-year students in a capstone design

project, (ii) to examine differences in self-assess-

ment results of final-year students among three

different phases in the capstone design project,
and (iii) to examine differences in peer-assessment

results of final-year students among three different

phases in the capstone design project. The validity

of the self- and peer assessments is discussed in the

discussion section.

To the best of knowledge of the authors, this

study is one of the pioneer studies on Asian stu-

dents. An Asian perspective on the peer assessment
may be different from the perspective of Western

students due to cultural differences. Asian students

do not resist group work but are more willing to

compromise their own opinions rather than to

argue with group members [35]. Criticising group

members can be seen as a rude action that sabotages

prestige of the group members. This cultural differ-

ence is consistent with the individualism–collecti-
vism dimension; most Western countries uphold

individualism, while most Asian countries favour

collectivism [36]. In group project work, these two

concepts manifest as follows: collectivism indicates

student preferences such as ‘We avoid conflicts’ and

‘We can do favours just to make our friends happy’,

whereas individualism indicates student preferences

such as ‘I will argue’ and ‘I do favours only for

favours’ [36]. Asian students tend to emphasise

collectivism over individualism [37]; this means
that students are in favour of avoiding conflicts to

preserve the dignity of each group member and

maintain harmonious relationships within the

group. Asian students may suppress their actual

thoughts due to the influence of collectivism [37],

and consequently, peer assessments may be less

reliable or useful for Asian students. Furthermore,

Asian students may understand self-assessment
differently: Asian students are taught to be

humble, thus upholding the societal virtue of humi-

lity [38], and because it is rude for Asian students to

rate themselves highly, low self-rating is a norm

among these students [38]. In addition, because

Asian students may be more timid than Western

students are when representing themselves [39], self-

assessments might be less reliable or useful for
Asian students.

Cultural differences are an important aspect in

learning enhancement. Cultural heritage influences

the desires and approaches of students in self-

improvement [40], and lecturers should consider

the cultural backgrounds of their students to be

able to design appropriate pedagogy [38] or to

enhance the learning process [41]. This study’s
findings offer insight into the successful implemen-

tation of self- and peer assessments among Asian

students.

3. Methodology

3.1 University, The Degree and Course Context

Sixty-one (n = 61) final-year (i.e., Year 4) under-

graduate students who were enrolled in the Bache-

lor Degree of Chemical Process Engineering at the

Malaysia-Japan International Institute of Technol-

ogy (MJIIT), Universiti Teknologi Malaysia

(UTM) Kuala Lumpur, participated in the study.

These students were between 23 and 25 years old; 19
of them were male, and 42 were female. Students

took the course SMJC 4343 (Chemical Process

Design) during the September semester of the

2018/2019 academic year and then the course

SMJC 4824 (Chemical Plant Design Project)

during the subsequent February semester of the

same academic year. The two courses were con-

nected via a capstone design project, were con-
ducted for two consecutive semesters (i.e., 28

weeks), exposed students to chemical process

design principles and heuristics, and assigned stu-

dents the task of designing a solution to a given real-

world industrial problem. Besides technical knowl-
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edge and skills, the courses aimed to enhance the

professional behaviours of the students.

The capstone design project was divided into

three phases (Fig. 1). During Project Phase 1, the

student groups were required to produce a concept

for the project, design process flow, select unit
operations, formulate the operating conditions,

calculate mass and energy balance, draw process

flow diagram and design a waste treatment system.

Meanwhile, the student groups continued the pro-

ject in the subsequent semester for completion of

the process control, process safety and profitability

analysis (Project Phase 2). Next, the project entered

the third phase covering individual equipment
design (Project Phase 3), which was conducted as

an individual assessment. In the two courses (i.e.,

capstone project), the same lecturer oversaw con-

sistent student groupings who each worked on the

same project. In brief, the Chemical Plant Design

Project course was a continuation in every way of

the Chemical Process Design course.

Students worked in groups of five or six members
to produce the design of a chemical process plant.

There were 12 groups, of which 11 groups consisted

of 5 members and one group comprised 6 members.

Each group featured students representing a diverse

range of ethnicities, genders and academic perfor-

mance levels; this mixture offered opportunities for

the members to support one other, thus serving as

training to establishmutual understanding in a real-

world social setting [42]. Students from a variety of

backgrounds working to achieve a shared goal is
one of approaches to promote cooperative learning

in classrooms [43].

Malaysia was ranked 44th among 56 countries

worldwide in the individualism–collectivism dimen-

sion, a ranking that indicates the strong societal

preference for collectivism [36]. Similarly, Malay-

sian people tend to ‘save face’ when interacting with

their friends tomaintain good relationships [44]. To
continue the harmony of the student group, there

was concern that students may give high ranks to

peers to avoid conflicts among them. To prepare

students for self- and peer assessment, the lecturer

provided a briefing about the assessments in the

early part of the semester, explaining the purposes

of self- and peer assessments to students. As the

capstone project was to be conducted across two
semesters, the lecturer informed the students about

the importance of imploring peers to monitor

themselves. Students were expected to work outside

the formal classes without the presence of the
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lecturer and to practise self-reflection. Next, the

lecturer provided training for the students on how

to complete the self- and peer assessments using

Google Forms.

Immediately prior to the administration of each

assessment, the lecturer reminded students to be
honest. Students were educated on the conse-

quences of simply rating every group member

highly, and the lecturer highlighted the importance

of ethics to the students, both as adult students and

future engineers. Students were reminded that peer

assessments were to help peers develop appropriate

behaviours for their future and not to simply make

their peers feel happy by lying or stretching the
truth. Students were also reminded that self-assess-

ments were to help themselves to confront the truth

about their behaviours and to make changes. This

activity transcended good grades; students had to

recognise that they were adults. The lecturer

ensured that the students were well informed of

the purposes and approaches to conduct project-

based learning.
Cooperative learning is not just assigning stu-

dents sit together and complete a task, group

members must recognise that they are unable to

complete the task unless every one cooperates [45].

Therefore, from time to time during the classes, the

lecturer highlighted the behaviours of effective team

members by telling short stories or sharing profes-

sional experiences about demonstrating appropri-
ate workplace behaviours such as respect,

cooperation, attentive listening and precision.

This tactic was part of the hidden curriculum.

Hidden curriculum refers to the unofficial or impli-

cit values and behaviours which are conveyed in an

educational setting [46]. The lecturer arranged in-

class student discussions, walked from group to

group, listened to each group and observed its
dynamics, and asked questions (e.g., what was

done) or sought clarification (e.g., who suggested

what to be done). In addition to the lecturer who

taught SMJC 4343 and SMJC 4824, there was one

additional lecturer appointed to each group as the

supervisor who helped to monitor project progress

and group dynamics. Examples of monitoring

included meeting with and intervening in specific
groups that were observed to have conflicts, for

instance, after reading their peer assessment results.

Lecturers play an important role in managing

student groups and promoting active and equal

participation among the group members [4].

3.2 Self- and Peer Assessments

Self- and peer assessments were administered three

times (i.e., in the 6th week, the 14th week and the

22nd week) as the capstone project was conducted.

In addition to the self- and peer assessments,

students as a group had to submit written reports

or perform oral presentations. The setting offered

opportunities for students to interact andworkwith

group members, and this setting ensured that the

self- and peer assessments were appropriately

designed [10, 41].
During each series of assessments, students

assessed themselves and all their peers in the same

group. The questionnaire was a validated peer

assessment instrument for use in measuring the

professional behaviours of higher education stu-

dents whenworking in groups [47]. In this study, the

professional behaviours are confined to specific

behaviours listed in Table 1. The instrument
addresses many (but not all) professional beha-

viours, such as communication skills and team-

work, as defined by the Washington Accord. The

version of Roberts et al.’s [47] instrument was

modified due to three technical reasons. First, in

all items, the ‘tutorial’ learning activities were

replaced with ‘discussion sessions’ to accommodate

the course context, and an example was the original
item 1: ‘this student prepared for tutorials’ became

‘this student prepared for the discussion sessions’.

In the topic of discussion in the original item 8,

‘case’ was replaced with ‘project’, and the item

became ‘This student gave input that was focused

and relevant to the project’. Second, specific exam-

ples were added in the original item 3 – ‘this student

showed behaviour and input that facilitated my
learning’ – to enhance clarity, and the item

became ‘this student showed behaviour and input

(e.g., encouraging, responsive, cooperative) that

facilitated my learning’. Last, the original item 10

was removed, as it was irrelevant to the purpose of

the study (‘During this block, working with my

group facilitated my learning’). The modified

instrument had nine items (Table 1), and each
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Table 1. Instrument for peer-assessment

No Statements

1 This student prepared for the discussion sessions

2 This student participated actively in the discussion
sessions

3 This student showed behaviour and input (e.g.,
encouraging, responsive, cooperative) that
facilitated my learning

4 This student was punctual to discussion sessions

5 This student listened to and showed respect for the
opinion of others

6 This student brought new information to share with
the team

7 This student was able to communicate ideas clearly

8 This student gave input that was focused and
relevant to the project

9 This student accepted and responded to criticism
gracefully



item was a six-point Likert scale statement with the

increments 0%, 20%, 40%, 60%, 80% and 100%,

which denoted the time when there were discussion

sessions. Defined criteria helped students objec-
tively judge their peers [48].

In contrast, for self-assessments, all statements

were identical (Table 2) except that the phrase ‘this

student’ was changed to ‘I’. Identical six-point

Likert scales were applied for self-assessments.

In addition, for both self- and peer assessments,

all students were asked to provide themselves feed-

back and provide their peers feedback using two
open-ended questions. The questions were ‘What

attitudes/behaviours would you like this student to

maintain in the future?’ and ‘What suggestions

would you propose to improve the attitudes/beha-

viours of this student?’ The written feedback repre-

sented self- and peer observation of one another.

3.3 Analysis

The data were analysed using IBM SPSS 23.0 soft-
ware. Kolmogorov–Smirnov tests reported that the

data were not normally distributed. Therefore,

Wilcoxon signed-rank tests were used to compare

the means of self- and peer assessment rankings of

the same students. Next, Friedman tests and post

hoc analyses were used to compare self-assessment

scores measured at the 6th, 14th and 22nd weeks.

The identical analyses were applied to compare
repeated measures for peer assessment scores.

Meanwhile, the gender influence on self- and peer

assessments scores was deemed minimal in the

study. Using Mann–Whitney U tests, female

scores were not significantly greater than male

scores for all self-assessments (p > 0.01) and all

peer assessments (p > 0.01). This pre-analysis of

demographic backgrounds was important to mini-
mise threats to validity of the self- and peer assess-

ment scores [20].

The qualitative analysis aimed to complement

the quantitative findings. Student comments during

the 22nd week were read and compared between

what the students wrote to themselves and what

they received from peers. Repeated vocabularies

and keywords in the student comments were identi-

fied; relevant student quotes were collected and

named as a behaviour. Student quotes were orga-
nised in a tabular form to present possible align-

ments between self- and peer observations.

4. Results

4.1 Quantitative Findings

Comparisons were made between self-assessment

and peer assessment results of the students. In the

6th week, when the first self- and peer assessments

were conducted, students ranked themselves (mean

= 3.98) lower than what they received from peers

(mean = 4.16). A Wilcoxon signed-rank test indi-

cated that peer assessment scores were statistically

significantly higher than self-assessment scores, Z =
–2.15, p < 0.05.Next, in the 14th week, when second

self- and peer assessments were conducted, students

still ranked themselves (mean = 4.14) lower than

their peers ranked them (mean = 4.20). However, a

Wilcoxon signed-rank test indicated that peer

assessment scores were not statistically significantly

higher than self-assessment scores, Z = –0.86, p >

0.05. Last, in the 22nd week, when the third self-
and peer assessments were conducted, students

ranked themselves (mean = 4.24) equivalent to

their peers’ rankings (mean = 4.24). A Wilcoxon

signed-rank test verified that peer assessment scores

were not statistically significantly higher than self-

assessment scores, Z = –0.16, p > 0.05. Statistical

results are shown in Table 3.

Comparisons were made among the students’
self-assessments in three phases. The means of

self-assessment were 3.98, 4.14 and 4.24, respec-

tively reported in the 6th, 14th and 22nd weeks

during work on the group project. Comparison of

the repeated self-assessment results was performed

using Friedman’s test showing a statistically sig-

nificant increase, �2(2) = 12.29, p < 0.01. Post hoc

analysis with a Wilcoxon signed-rank test was
conducted, and a significant increase was seen

between the 6th week and the 14th week (Z =

–2.54, p < 0.05), between the 14th week and the

22ndweek (Z = –2.43, p < 0.05) and between the 6th

week and the 22nd week (Z = –3.21, p < 0.01).

In contrast, the means of peer assessment were

4.16, 4.20 and 4.24, respectively reported in the 6th,

14th and 22nd weeks during work on the group
project. Comparison of the repeated peer assess-

ment results was performed using Friedman’s test,

showing a statistically significant increase: �2(2) =

8.85, p < 0.05. However, post hoc analysis with a

Wilcoxon signed-rank test was conducted, and the
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Table 2. Instrument for self-assessment

No Statements

1 I prepared for the discussion sessions

2 I participated actively in the discussion sessions

3 I showed behaviour and input (e.g., encouraging,
responsive, cooperative) that facilitate my learning

4 I was punctual to discussion sessions

5 I listened to and showed respect for the opinion of
others

6 I brought new information to share with the team

7 I was able to communicate ideas clearly

8 I gave input that was focused and relevant to the
project

9 I accepted and responded to criticism gracefully



increase was not significant between the 6th week

and the 14th week (Z = –1.36, p > 0.05), between the

14th week and the 22nd week (Z = –1.83, p > 0.05)

and between the 6th week and the 22nd week (Z =

–1.93, p > 0.05).

4.2 Qualitative Findings

Table 4 presents possible alignments between self-

and peer observations on what behaviours should

be maintained in the future as of the 22nd week.

These behaviours were hardworking, contribute

positive energy to the group, helpful, share ideas/

information and leadership. Student quotes were

inserted into the table as supporting evidence.

Students were given pseudonyms.

Table 5 presents possible alignments between

self- and peer observations on what behaviours

should be changed in the future as of the 22nd
week. The behaviours were shyness, confidence,

participation in meetings, punctuality, teamwork

and leadership. Student quotes were inserted into

the table as supporting evidence.

Chan Choong Foong and Peng Yen Liew1856

Table 3. Results of the self- and peer-assessments

Self-Assessment Peer-Assessment

Mean � SD Min; Max Mean � SD Min; Max

6th week 3.98 � 0.60 2.67; 5.00 4.16 � 0.39 2.81; 4.83

14th week 4.14 � 0.60 2.67; 5.00 4.20 � 0.41 2.83; 4.81

22nd week 4.24 � 0.64 2.56; 5.00 4.24 � 0.46 2.39; 4.86

Table 4. Possible alignments between self- and peer observations on what behaviours should be maintained

Student
Name

Behaviour to
Maintain Myself Peer 1 Peer 2 Peer 3 Peer 4

Ray Hardworking Maintain my
diligence and
quality of
works

Work attitudes Finished his
works fast [. . .]
hardworking

Hardworking [. . .] you
will be the first person
that finishes your own
part

–

Lily Hardworking Hardworking Hardworking Her dedication Hardworking –

Sally Hardworking Hardworking Prepared for
meeting

Maintain your
hardworking
and work
oriented
attitudes

This student gave
tremendous amount of
efforts towards
completion of the
project

Can finish her
works and
helping others

Noon Hardworking You are
hardworking

Hardworking Very
hardworking

Very hardworking –

Urish Hardworking Hardworking Hardworking Her
commitments

Submit works following
the dateline

Good work
quality

Hanks Contribute
positive energy
to the group

The positive
vibes and
always smile

Positivity Positive
attitudes

Maintain his optimism
because this is the trait
that should exist in a
group-based project

Always
positive during
hard times [. . .]
always give
encourage-
ments

Fonny Helpful Helpful person
and always
show your
efforts to
support your
teammates

Very helpful
person

Always helps
each other

Has the wills to help
other group members

–

Amy Share ideas/
information

Keep up the
spirit of
finding
information in
completing the
works

Always come
out with new
ideas

Really good in
giving
opinions and
suggestions

Always give ideas to
solve problems

Being very
helpful all the
time

Linsey Leadership Thinker The leadership
and good in
command

Leadership The way you work
hard to achieve
something that gives
benefits to the group,
makes me want to keep
working hard to
improve and prepare
myself in the future

You are a very
good leader



5. Discussion

5.1 Reliability of Self- and Peer Assessments

There is a significant difference between the first
self- and peer assessment scores. Threats to relia-

bility seem to be true, lack of skill or dishonesty in

the peer assessment is possible and overestimation

and underestimation in the self-assessment may

have occurred. However, these differences decrease
as the students approach the end of the capstone

project. By the 22nd week, there is no significant

difference between self- and peer assessment scores.

The comparison implies that, at the end of the

capstone project, students’ opinions of themselves

were consistent with what their peers observed. The

alignment between self-reflection feedback and
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Table 5. Possible alignments between self- and peer observations on what behaviours should be changed

Student
Name

Behaviour to
Change Myself Peer 1 Peer 2 Peer 3 Peer 4

Lily Shyness Communica-
tion skills

Be more brave
and [speak]
louder

Don’t be too shy in
giving your ideas

To be able to
speak the ideas

Too quiet

Fonny Confidence Need more
practices in
terms of
communica-
tion and
presentation

Be confident in
sharing new ideas

Be more confident on
the results of your
own creativity and
ideas

Give more ideas
during discussion

–

Sam Confidence Present ideas
more clearly

Have confidence
in yourself

Really grateful to be
as your teammate but
[please] be brave

Keep up the
confidence levels

–

Sally Participation
in meetings

Be more
active during
meeting
session

Communicate
more with team
members

Try to communicate
more [with] team
mates instead of
doing task alone

Communicate
better

Participate
actively in the
discussion, share
your workload
with others

Nick Participation
in meetings

Responsive
in group
meetings

Be more focused
during
discussions

Playful during
meetings which
should be avoided in
the future

Respond to
WhatsApp group

Let’s be more
active and share
ideas clearly in
discussions

Don Participation
in meetings

Focus more
on the
project

Active in
discussions

To be more prepared
during meetings

Be more
committed in
doing tasks

Be more
prepared and pay
attention on
discussions

Alfredo Punctuality Come to
meetings
early

Attend meetings
on time

Be more punctual, do
not procrastinate,
focus on the group
project and please do
your works on time

Bemore punctual
for the
discussions

Be more
punctual and do
not delay your
works until the
end and make
others waiting

Vinnie Teamwork Prepared for
meeting

Be responsible
towards your
works and do not
simply give up,
and depend on
others to settle
your own work
[. . .] do your
work as a team

She delegated task to
teammates and ended
up disastrous for
some of group
members [. . .] she also
focused more on her
final year project than
paying attention [. . .]
I believe she can do
more when it comes
to group work

Do not escape
from meetings
[. . .] do not make
others to do your
tasks [. . .] do not
burden your
group members,
please contribute

–

Michael Leadership I might not
be the ideal
leader

Always be
someonewho can
accept people
ideas

Be more
approachable and try
to accept others’
points of view

Try to consider
others’ ideas

–

Ray Leadership Improve my
trust on my
teammates’
works and to
discuss with
them before
doing any
amendment

Alert to the
works of other
people

We all know that you
are hardworking but
please tell us which
parts that you did
because [we] don’t
want [our] works to
become redundant

Team work and
the task
delegation

Please do not just
focus on your
works without
concerning the
tasks and time of
other people



feedback from peers is evidence that positive

changes in professional behaviours gradually

occur during the project.

Prior to conducting this study, there was concern

that Asian students might underestimate them-

selves due to humility and timidity. The concern
appears to have been unwarranted, however, as this

study demonstrated that students who are humble

do not necessarily doubt their abilities [49]. Initially,

the peer assessment scores significantly differed

from those of the self-assessments, but there was a

gradual convergence of these scores. The lecturer

provided essential and successful training, and

appropriate training helps students to assess them-
selves and peers accurately [48]. With appropriate

training, students recognise that honest, descriptive

and constructive feedback to peers is optimal [41],

and for self-assessments to work effectively, stu-

dents must recognise that honest self-reflection is

crucial to self-improvement. Students need to be

well informed that the purpose of peer assessments

is not tomake peers feel bad but rather to encourage
peers to improve themselves. In addition, the train-

ing is not limited to students and that lecturers must

incorporate training in their own practices. Lec-

turers also must be trained to develop their abilities

in designing appropriate training for students [50].

As conflicts during group work are inevitable,

lecturers must carefully resolve interpersonal pro-

blems among students [50].
Prior to conducting this study, there was also

concern that Asian students, due to their preference

of collectivism over individualism, might tend to

give favourable comments to peers in order to avoid

conflict [36]. However, the qualitative findings of

this study suggest that the students were honest in

indicating or recommending areas for improvement

(e.g., ‘be punctual’, ‘be confident’, ‘please contri-
bute’) to their peers. In comparison to studies on

Western students, an Australian study reported

that international, Asian engineering students

were likely to rank peers more generously than

local students were [28]. The researchers hypothe-

sised that these students were reluctant to criticise

peers due to culturally based discomfort. In the

United States, without being formally trained,
pharmacy students ranked themselves significantly

lower on self-assessments than their peers ranked

one another [51]. Another study in United States

also showed that peer assessment results were

significantly higher than self-assessment scores

among dentistry students [52]. To conclude, it

appears to be training, rather than Asian and

Western cultural differences, that influenced the
scoring disparities. It is possible that regular inter-

ventions by the lecturer to promote the hidden

curriculum during classes may have convinced the

students to provide honest feedback to themselves

and peers.

Nevertheless, one shortfall of the training in this

study was that some student feedback was non-

constructive. Examples of vague and irrelevant

feedback include single-word comments (‘Good’)
and negative sentiments (‘Her ignorance to occa-

sionally respond to group’s WhatsApp is what

annoys me’). Therefore, future training should

inculcate in students the need to provide effective

feedback. Elements of effective feedback are

descriptive (e.g., ‘You did not complete the work

on time’) instead of judgemental (e.g., ‘You are

lazy’) and constructive (e.g., ‘You could set phone
reminders’) instead of complaintive (e.g., ‘You are

late’) [53]. In addition, peer assessments may be

made anonymous to create a non-threatening

atmosphere for students to give honest feedback.

Nevertheless, anonymity must not be misused.

After 22 weeks of collaboration, self-observation

did not differ significantly from peer observation.

The findings imply that students could have devel-
oped more accurate insight into their performance

after engaging in repeated self- and peer assess-

ments. One of the doubts about implementing

self-assessments was whether students would have

had insight to evaluate their performance [20, 30],

but this concern is now resolved. Ensuring relia-

bility of self-assessments (in comparison to peer

observation) is essential because, to promote life-
long learning and self-reflection, students them-

selves must have accurate awareness of their own

performance [30]. Insight is important for students

to prevent academic failures and for graduates to

recognise the need for continuing professional

development as they progress in their careers [30,

54].

5.2 Promotion of Professional Behaviours

Both self- and peer assessment scores increased

throughout the two semesters; students improved

in their behaviours while working on the capstone

project. In one example of feedback, a peer com-

mented about a student named Zack that his

‘Teamwork had improved compared to last seme-
ster’. These findings echo Willey and Gardner’s

study [17] in which self- and peer assessments

could engage students to collaborate when working

on group projects.

Interpreting Boud, Keogh and Walker’s [25]

model of reflection, self-assessments enable stu-

dents to recall their experiences collaborating and

communicating with group members during meet-
ings. Next, positive (e.g., fruitful discussions) or

negative events (e.g., conflicts) encourage students

to attend to their feelings. In addressing these

conflicts, students may feel upset at first but may
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also ask themselves why they are treated as they are

treated. Is it their own fault or that of their peers? In

the first self-assessment (i.e., in the 6th week), Jane

wrote, ‘I was pretty intimidated by the project at the

beginning so I am aware [that] I may have not come

up with the best ideas for the project, but slowly [I
have] got a grip. So, I would continue to fulfil all my

tasks responsibly until the project is completed’.

Students must re-evaluate their experiences to max-

imise the positive and to minimise the negative, and

in doing so, they gain new perspectives of them-

selves as collaborative group members and become

willing to change their behaviours [25]. It is never

too late for self-reflection. During the third self-
assessment (i.e., in the 22nd week), Michael told

himself that ‘Truthfully, I could be blamed on the

lack of output [. . .] I might not be the ideal leader

[. . .] I should reflect on the mistakes even the tiny

one that I had done during this final year and

bounce back from it.’ Self-reflection is a driving

factor in lifelong learning, which is a graduate

attribute listed in the Washington Accord. This
study provided an early intervention that illustrated

the usefulness of self-assessment for self-reflection.

Future studies could consider using structured

guides for students to reflect on their self- and

peer assessment results. Low-performing students

usually need specific guidance to recognise action-

able areas for improvement [54]. While theories of

reflection are abstract, a three-step model (i.e.,
‘What do I feel about the feedback’, What do I

think about the feedback’, and ‘What actions could

I take to improve’) may be practical and easy for

higher education students to use [21].

Self-determination theory [22] could explain the

increasing scores among peer assessment results.

Knowing that they will be assessed by peers, stu-

dents are extrinsically regulated to show positive
behaviours when working with peers on the cap-

stone project. As members of a group, they may

want to avoid feeling guilty or to exhibit ego or

pride. Furthermore, based on the written feedback

to themselves and to their peers, there are words of

encouragement, enjoyment and satisfaction about

group work. This phenomenon suggests that group

members may have developed genuine friendship
throughout the capstone project. Examples of this

camaraderie include messages such as ‘I love your

team spirit’, ‘Don’t cry alone [. . .] we [are] always

with you’ and ‘Take care of health’. Once students

internalise these previous external regulations into

intrinsic motivation, they enjoy and gain satisfac-

tion from being a part of the team [22].

In conclusion, self-assessment potentially pro-
motes self-reflection among students. Though peer

assessments may provide extrinsic motivation to

initiate non-voluntary learning processes, intrinsic

motivation is the ultimate goal. The two assessments

could complement each other in developing profes-

sional behaviours among engineering students.

5.3 Limitations of the Study

This study has limitations. First, peer assessments

are considered valid because peers have more

opportunities than lecturers have to observe stu-

dent behaviours over a 28-week, team-based pro-

ject, but future studies could compare self- and peer

observations with the results observed by the lec-

turers. This comparison could further verify the

validity of self-, peer and lecturer observations.
Second, qualitative investigation of the study was

limited. Future studies should consider conducting

focus group discussions with students to investigate

how and why they have changed their behaviours

over the project period. Some questions remain

unanswered in this study: Were students angry or

hurt when reading their peer assessments results?

How did these students manage their negative
emotions? Why did they change? In addition, the

Asian perspective requires re-examination through

prompting students to respond whether they hon-

estly evaluated their peers and themselves and, if

applicable, why they were not honest. For future

research, interviewing the students in a safe envir-

onment and establishing good rapport with inter-

viewees could prove integral to collecting honest
responses [55]. Third, the professional behaviours

of engineering students are broader than the rela-

tively few options that this study assessed. For

instance, element of lifelong learning was not mea-

sured. Because an appropriate instrument is yet to

be developed for engineering education based on

the Washington Accord, future studies could con-

sider adding relevant behaviours for measurement
or combining existing validated instruments. This

investigation would provide a more holistic mea-

surement of professional behaviours among engi-

neering students.

Fourth, it was found that feedback written to

peers and themselves were often less than 15 words

in length; in this study, students received no training

on how to write proper feedback in the study.
Future interventions should teach students to be

specific, enforce the positive, make feedback

descriptive rather than evaluative and construc-

tively give feedback about areas requiring improve-

ment [21, 53]. Writing effective feedback for

students themselves and peers are relatively soft

skills in comparison to the essential knowledge for

the field of chemical engineering. Therefore, inter-
disciplinary collaboration among engineering edu-

cators and education specialists would be practical

with the aim to conduct appropriate training for

students. Future interventions should train stu-
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dents to provide detailed feedback to themselves

and their peers. Detailed feedback could provide

rich data for qualitative analysis. Last, despite the

fact that this was a pioneering study in an Asian

region, this study involved only one cohort of

students in a single institution. Future research
with a larger sample size involving multiple institu-

tions would enhance the generalisability of findings.

6. Conclusion

In this study, self- and peer assessments were repeat-

edly conducted throughout a capstone project. The

self- and peer assessments diverged at the beginning
of the project. At the end of the project, self- and peer

assessments were found to be reliable, and these

assessments were also useful for engineering students

to enhance their professional behaviours. Mean-

while, regular student training and monitoring were

essential in implementing the assessments. The find-

ings recommend a broader application of self- and

peer assessments for engineering capstone design

projects. Despite the distinctive characteristics of
engineering students and students from Asian coun-

tries, the study did not find an observable difference

in the effectiveness of these assessments in these two

demographics. However, experience of this study

was preliminary, and future endeavours should pro-

vide a greater understanding of the elements influen-

cing student behaviours when working on group

projects. This greater understanding would help
educators train engineering students to meet the

Washington Accord’s expectations on their profes-

sional behaviours.
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