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Abstract—Conceptual design often sets the direction of the
development of a product. Educating Software Engineering
and Information Technology (IT) students to consider the
needs of users during the conceptual design stage is important.
The assessment of conceptual design is a time consuming
process. When budgets are limited, financial resources are
inadequately allocated to allow staff to spend quality time
assessing the conceptual design artifacts of large classes. We
present a methodology to teach, capture and evaluate
conceptual design artifacts for large classes. In two separate
studies, two groups of over 185 undergraduate IT students
reviewed their peers’ design artifacts using a comprehensive
rubric. Their reviews were later checked by two researchers
using the same rubric. It was found that not only were the
student-peers’ reviews close to the researchers’ reviews, it was
possible to give students valuable and timely feedback and
scaffold them to reflect, an essential characteristic for
professional competence. In addition, we found that assessment
by staff was not feasible due to inadequate resources. We
conclude that for large classes, conceptual design artifacts can
be evaluated and valuable feedback provided in a timely
manner by peers with the guidance of a comprehensive rubric.

Keywords—conceptual design assessment, peer review,
reflective practice, persona, software engineering education,
information technology education

I. INTRODUCTION

Scholars agree that there are multiple stages to design,
which are often iterative and non-linear; however, the
conceptual design is the first stage of the design where
important decisions about the software design and the
resultant application are made [20, 30, 51]. Creativity and
innovation drive the economy and industry [59] and
creativity happens during the conceptual design stage [5, 37].
Software engineers and Information Technology (IT)
designers are often required to produce innovative solutions
or improve on existing products before the problems are
defined properly [1, 28]. Additionally, programmers and
software engineers in industry often submit their code for
review by their colleagues [27]. Hence, Software
Engineering and IT students need to receive training in
conceptual design and learn to review their peers’ design
artifacts objectively.

The conceptual design phase is an intense phase where
ideas are generated at a rapid pace and the notes captured are
often incoherent [5]. Schon [60] considers “reflection-in-
action” as the shift of attention from analysis of the known
problem to an occurrence of a new resultant situation which
is an ideation or a solution to the problem [1, 60]. As early as
2000, researchers have been trying to devise tools to capture
this phase of design [39]. Conducting conceptual design in a
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classroom or laboratory is similar to reflection-in-action that
takes place in the midst of action [60]. When a design
process is conducted after the ideation stage, the designer
reflects on the ideations and often provides more
explanations. The design artifacts tend to resemble detailed
design. The activities are similar to “reflection-on-action” as
the designers are reflecting on their initial ideations and
revisiting their initial experiences of their design [60].

Incorporating the needs of users during the design phase,
User-Centered Design (UCD), would result in products that
have higher wusability wvalues [51]. In User-Centered
Conceptual Design (UCCD), the design is conceived to serve
the needs of users.

An important aspect of the education of IT students is
proper evaluation of their conceptual design artifacts and
provision of timely feedback on their work [19, 69].
Conceptual design artifacts that are produced in brief
timeframes (e.g. during a class or laboratory session) require
extra assessment effort by a marker, in comparison with a
well-documented design. The marker-teacher is required to
carefully read the artifacts and decipher any new and
innovative design that may be embedded in the student’s
working notes as symbols, dot points or short phrases. Since
conceptual design is innovative and not a copy of an existing
design, it is unlikely that the markers can use a template to
assess the artifacts quickly. Teaching staff at higher
education institutions, due to limited time, often allocate the
tasks of marking undergraduate students’ assignments to
casual staff who may not be paid for the time which they
need to spend [53, 68]. The other compounding factor is
markers often do not have adequate expertise to assess the
conceptual design artifacts. An added issue is that students’
results must be made available before the end of semester,
which further limits the level of detailed assessment of the
conceptual design that can be provided.

In this paper, we present peer review as an alternative
method to staff assessment of conceptual design artifacts. In
two separate studies of two large classes of over 200 students
each, the students produced design artifacts, peers evaluated
and provided comments on the design artifacts in a timely
manner. During the second study, a university staff member
was provided with a marking rubric and asked to assess the
design artifacts from all of the workshop classes (the activity
was worth 5% of the total assessment). The alternative was
to ask tutors to mark their own classes but with 30 in each
class, this was not viable based on the number of hours they
were employed. The staff member not only had no time to
provide any comments, there was wide variation between the
staff review and the peers’ or researchers’ review. In addition
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to providing timely and reasonable assessment, we found
that peer reviewing had the added benefit that the students
had multiple opportunities for learning and reflection. We
expect that the learning experience would prepare them for
their future in becoming reflective practitioners during their
careers.

II. BACKGROUND INFORMATION

The background information covers the following areas:
(1) the difference between conceptual design and other
phases of design, (2) reflective practices, personas and their
roles during UCCD, (3) the assessment of conceptual design,
rubrics and peer review.

Researchers (e.g. [5, 37, 38]) who studied the design
process agree that, although the process is divided into a
number of stages, it is neither a linear process nor are the
stages clearly distinct. Conceptual design is the first stage of
the design during which the cognitive processes are intense
[30]. Horvath [37] proposed that the conceptual design is a
multifaceted creative process that happens after a problem
definition or a needs assessment such as “market-product-
technology investigation or product idea generation” [37, p.
2].

Capturing  conceptual design as it  happens
(enlightenment) consists of a number of dot points or
unformed sentences or sketches [62] as “enlightenment is
normally a short, critical period because the idea is easily
lost” [5, p. 147]. This is because the cognitive process is very
active and hence ideas are generated in a more rapid
succession [63, 64].

Conceptual design has been researched in numerous
domains and different models have been proposed for
studying and capturing it [31, 61, 70]. Researchers also
studied conceptual design ability as an individual trait [25].
Our research has indicated that a lot of work needs to be
done in developing tools for facilitating, capturing and
reproducing conceptual design; most researchers rely only on
written text, speaking and sketching to capture conceptual
design [2, 45].

Schon [60] introduced the concept of reflection in
practice and defined reflection-in-action as the thinking and
reflecting that happens whilst one is actively doing the task
and, reflection-on-action as the thinking and reflecting that
occurs after working on the task. Killion and Todnem [41]
introduced reflection-for-action, which assists in improving
future performance in a similar task. Beckwith [15]
developed a framework, reflection-for-learning, which assists
the reflective students to achieve higher order learning.

Hence, during the initial conception of a design in the
classroom, a student needs to reflect-in-action. While
documenting the conceptual design, the student is reflecting-
on-action. While reviewing their peers’ artifacts and when
contemplating on their own artifacts, they are reflecting-for-
action. Reflective practices are important in software
engineering as it helps the engineers to draw inferences from
their experiences for more complex situations [23]. Harlim,
Belski, Lemckert, Jenkins and Lang-Lemckert [34] found
that experienced engineers tend to reflect continuously to
improve their performance whereas novice engineers reflect
when they have made a mistake and hence recommended the
introduction of reflective practices in education. Reflective
practices can be learnt by scaffolding but the learner must be
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open to introspection and gain the capacity for abstract
learning [22].

In reflective practice, the designer is conscious of the
users of the product [35, 60]. The concept of UCD considers
users as the center of the design [51]. However, for the
design activities of Software Engineers and IT students when
the users are unavailable, a persona, an archetypical user, is
used to represent the users [21]. Personas have been used for
teaching design in higher educational institutions [40, 48, 65-
67]. The use of personas not only assists designers to design
with the target end users in mind but also allows them to
practice reflection in their design [11].

To assess students’ output fairly and objectively, rubrics
are used [18]. Further, students use rubrics to decide what
they need to study and how to study to achieve them [4]. The
Revised Bloom’s Taxonomy groups knowledge into four
categories and cognitive processes into six categories. The
four categories of knowledge are: factual, conceptual,
procedural and metacognitive and the six categories of
cognitive processes are: remembering, understanding,
applying, analyzing, evaluating and creating [3]. Students
use meta-cognitive knowledge to select a learning
methodology and approaches depending on the assessment
techniques and purpose of learning [3].

Researchers have used the Revised Bloom’s Taxonomy
to evaluate participant’s cognitive activities. Lu and
Churchill [49] used the Revised Bloom’s Taxonomy to rate
students’ cognitive activities analyzing, evaluating and
synthesizing information for interpreting and meaning-
making during social interaction for learning.

Biggs and Tang [17] who considered knowledge to be
holistic, designed their rubric to assign categories which are
more suited to use across a semester-long subject. Some
students are interested only in learning material superficially
in order to score marks [17]. Thus, design of the rubric and
allocation of marks must encourage and assess engagement
with the learning material at the level of depth required for
meeting the learning outcomes of the unit. A rubric is a good
tool to achieve this as it aligns marks to the requirements of
the course [4].

A review of the literature by Richards [57] concluded
that a well-constructed rubric can be a tool for successful
peer and self-review. Hafner and Hafner [33] used a well-
structured rubric (five grades for five elements of the task
with explanations for each) for peer and staff assessment of
oral presentations by biology students, and found that it
produces consistent results. The rubric for assessing
Software Engineering students’ conceptual designs must
distinguish between the elements of innovation as well as
improvements made to an existing design [50] and be
balanced in its level of detail so that it can be used easily
[14]. The assessable material has to be divided into
distinguishable sections so that the knowledge and the
cognitive processes contained in each section can be easily
classified and assessed. Bailey and Szabo [14] devised a
rubric that is linked to different levels of Bloom’s Taxonomy
[3]: remembering, understanding, applying, analyzing,
evaluating, and creating.

To prepare students for realistic work situations,
Software Engineering and IT students must learn how to
design whilst participating in activities such as studios or
professional meetings [26, 28]. Professionals are often



required to review their peers’ designs [27]. It is essential for
undergraduate Software Engineering and IT students to learn
the art of UCCD and peer reviewing, because by learning to
use personas, the students become familiar with the concept.
Hence when working in industry, their willingness to work
with personas increases [58]. Furthermore, as peer review
requires the reviewers to evaluate their peers’ work at a
higher rung of Bloom’s Taxonomy, hence, it promotes a
deep learning strategy.

Peer review has been studied by many researchers in
technical and engineering fields: Richards [57] in assessing a
project-based subject for senior students, used peer review
assessment for internal project groups and found these to be
consistent with staff assessments. Garousi [29] applied peer
review for a project-based design subject during the final
year Software Engineering course. Kwan and Leung [44]
engaged a group of Hospitality Industry students to do peer
review and concluded that the learning benefit outweighs
risk of erroneous assessment, particularly when it is a small
percentage of overall assessment.

In massive online systems, self and peer assessment is
often used for materials submitted. To train the students in
assessing their peers’ work, Kulkarni et al. [43] used a
system in which the students initially assessed teachers’
assessed materials and hence, their competence was assessed
before they could assess other students.

The challenge of assessing conceptual design is to detect
creative ideas that are relevant and feasible [S]. Due to the
time and cost associated with marking students’ assessments,
research to automate the assessment of student outputs that
are not quizzes is continuing e.g. [2, 16, 46] yet these are not
used for conceptual design assessments.

III. RESEARCH OBJECTIVE

Our research objective in this paper is to discover the
assessment strategy that results in a fair assessment of the
conceptual design artifacts and provides feedback to students
in a timely manner. Towards this objective, we formulated
the following research question:

How can large classes of Software Engineering and
Information Technology students be taught User-Centered
Conceptual Design and assessed efficiently?

IV. METHODOLOGY

To answer the above research question, we conducted
two studies involving the use of personas for conceptual
design and peer review of the design artifacts. Fig. 1 shows
our research model and study design to achieve the objective
in this paper for the two studies with the exception that in the
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Fig. 1. Research Model (relevant parts)
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first study, the marker’s assessment was carried out by the
researchers.

In this paper, we focus on the conceptual design activity,
peer review activity, marker’s assessment, researchers’
assessment and peer reviews’ assessment from parts of the
studies that were conducted in 2017 (Study A) and in 2018
(Study B). This paper also reports on the parts of a bigger
project that was designed to answer a wider objective and
was conducted over a number of years [12].

In Study A, we used four personas (Henry, Henrik, Hank
and Harry) and a specification (as a control group). In Study
B, we used six personas (Paul, Peter, William, Minh, Thuy,
Chi). All personas were authored to be varying in knowledge
and cognitive processes. The personas had a common
problem. In Study A, the personas had problems with
managing their finances and, in Study B, the personas
wished to improve their English language skills. Our
objective was not to study the design of a financial or a
linguistic application but to study the learning and teaching
of conceptual design, UCD with the help of personas and the
assessment of the conceptual design artifacts. In this paper,
we concentrate on the processes for the assessment of the
design artifacts.

In both studies, we gave the students one persona
(selected randomly from the set of personas) for which to
design an application that met the needs of that persona. For
Study A, the set also included one specification for the
control group. Students in the control group were given a
specification instead of a persona, and thus had to design to
the needs of an imaginary user.

We designed our data collection for the design activities
in two phases. The students were required to conceive a
design that helped a given persona who had a problem (or
design according to the specification). In the first phase, the
ideation phase, the students produced their conceptual design
and a scenario in which the persona could use the application
that they were designing. The purpose of writing a scenario
was for students to demonstrate (to themselves as well as to
the reader) that their designs were feasible. The ideation was
done under induced time pressure — a clock counted the time
down from 15 minutes. Once the students submitted their
initial design and the scenario, they could not modify them.
The majority of the students completed the first phase within
time.

In the second phase, the documentation of the ideation
phase, the students were asked to provide further
explanations about their designed applications. The students
produced four separate artifacts: (1) for the architecture of
the designed application (connectivity and platform of
operation); (2) features of the designed application that met
the objective of the design and hence solved the problem that
the persona was having (e.g. the features that were related to
a finance or linguistic application); (3) features of the
application that met the needs of the persona according to
traits of the persona; (4) a more detailed scenario in which
the persona used the application. In the case of students who
received the specification, instead of persona, they were
asked to provide solutions to the problems that a user of their
designed application would have. Thus, we have captured
ideation and documentation.

As the study was part of the course, the students were
expected to participate in the design and the peer review



activities. The data presented in this paper are from students
who gave their consent to participate in our research.

The conceptual design activity for both studies was worth
5% of the total unit assessment. In Study A, the maximum
amount of credit allocated by peer review was scaled to 2%
of the unit (or 40% of the allocated assessment) and the
students reviewed four artifacts from the second phase, the
documentation phase, only. The amount of credit allocated
by the marker (the main researcher) was scaled to 3% of the
unit (or 60% of the allocated assessment). In Study B, the
maximum amount of credit allocated by peer review and the
marker (the official marker appointed by the Unit
Conveners) were each scaled to 2.5% of the unit (or 50% of
the allocated assessment) and the students peer reviewed all
the artifacts.

For peer review, we anonymized the design artifacts and
combined them and created sets of design artifacts. The set
contained four artifacts in Study A and five artifacts in Study
B. Each student was asked to peer review five sets (Study A)
or six sets (Study B) of design artifacts, one set of artifacts
for each persona. (For Study A, each student-reviewer
received four personas and one specification). The
conceptual design artifacts were provided at random. No
time limit was set for peer review and students peer reviewed
in their own time. The peer review was done according to a
rubric. The rubric was designed considering the Revised
Bloom’s Taxonomy and the UCD methodologies. Hence,
both innovation and the needs of personas were considered
important aspects for evaluating the design artifacts.
Innovative ideas that considered the traits of the given
persona attracted the highest marks. The rubric and the
personas used in teaching User Centered Conceptual Design
are available from the first author [7]. To ensure that the
assessment was insightful, the reviewers were required to
provide the reasons for their assessments as they allocated
marks to each of the artifacts. The students’ artifacts were
also assessed by an independent marker to allocate the
balance of the marks. The students received a report of the
assessments and the reasons.

Thus, the design of our studies, which was about the
teaching of conceptual design, incorporated a reflective
practitioners’ perspective [1, 11, 60]. To scaffold the students
for reflection, in the first phase, which was reflection-in-
action, the students faced a problem for the first time and
produced a design in a short time. In the second phase, which
was reflection-on-action, the students elaborated how their
design might address the needs of the persona (or
specification) not only by designing a solution for the
problems they faced but also how their needs were met
according to the persona’s traits. The peer review was
designed as reflection-for-action [41], where the students,
during review, contemplated on their peers’ design and learnt
concepts for future design. We have developed these
processes and procedures for more than five years [8, 9].

The first author had researched evaluation of the
conceptual design artifacts since 2011 [6, 8, 9]. Initially he
assessed all design artifacts. He found that the process was
time consuming and suitable only for research purposes. In
order to have the design artifacts assessed and comments
given to students in a timely manner, we investigated the
possibility of having students review their peers’ design
artifacts. Study A was our first attempt. The success of Study
A led to Study B.
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V. THREATS TO THE VALIDITY OF THE EXPERIMENT AND
MEASURES TO OVERCOME THESE

The internal and external threats to the validity of the
study were identified as shown below. Measures were taken
to mitigate these threats. We will discuss further some of the
threats in the Results section.

A. Internal Threats

The first threat was that the students could show bias or
favor their friends’ conceptual design [54, 55]. The effect of
this threat was minimized by removing the identity of the
students, who designed the artifacts, and the reviewers. Thus,
all comments the reviewers made or assessments they
provided were anonymous. All students were informed that
the process was double blind and all identifications such as
names and students’ IDs were removed and replaced with
Participant IDs. Participant IDs were never disclosed to
students. The students could not attempt to find out the
details of any reviewer including their own details, as they
did not know their own Participant ID. We, thus, mitigated
this threat. The assessment was 5% of the unit mark, the
class size was greater than 200 students, the duration of peer
review was about one week and the students did not have
access to their own artifacts. Hence, we did not expect that
possible speculation by students about the identity of
participants would be practicable. Three students
accidentally received their own design to review but only one
student identified it; we will discuss this in the results and
discussion sections. We believe that we mitigated this threat
by implementing a double blind process.

The second threat was that the students who are not
attentive do not evaluate the design artifacts properly. One of
the requirements of the peer review was that every student
had to provide a comment for each mark they have assigned.
This would lessen the effect of this threat. We found that by
asking students to provide reasoning for the marks they gave,
most students were vigilant. We noticed that the majority of
students demonstrated engagement in the review process and
multiple reviews were completed for almost all artifacts. It
was a simple process to identify and exclude data supplied
by a few students who were not attentive as their peer review
times were very short and they allocated marks
unreasonably. As expected, this threat was minimized.

The third threat was that the students’ English language
proficiency might not have been adequate for the review.
The design of the experiment required that each artifact be
reviewed by a number of other students. It was expected that
this process would minimize this threat. As part of their
admission to the course in a university in an English
speaking country, the students were expected to have
proficiency in English language. We asked students for the
length of time they have spoken and written in English so
that we could pay close attention to reviewers who had
written in English for less than one year. We found that their
knowledge of English language was adequate for the task.

The fourth threat was that the students were unfamiliar
with doing conceptual design, as they were not taught this
content in lectures. We mitigated this threat by having a
tutorial early in the survey, which provided the basic
knowledge of conceptual design. During the second phase of
the design activity, we made provisions for the students to
document their design in sections (architecture and
connectivity, etc.) and elaborate each section separately.



Hence, these measures provided reasonable knowledge and
the ability for students to mitigate this threat. The design
artifacts indicated that the majority did not have issues with
understanding the requirement of the studies.

The fifth threat was that the students were unfamiliar
with assessing their peers’ design artifacts. During the peer
review, we provided a comprehensive rubric to each student,
which covered all sections of the design artifacts. However,
we took a cautious approach, with fall back strategies, as we
will highlight in the discussion section. From the comments
the students provided, we found that the students used the
rubric to review their peers and increased their own
knowledge at the same time. Some students commented
positively about the rubric and some students suggested ways
to improve the rubric. None of the students commented that
they did not have confidence in reviewing their peers.

The sixth threat was that the students would provide
solutions for each part that only met the rubric requirements.
As the artifacts were separate items, they may be unrelated to
each other (i.e. the design is not holistic). One of our
pedagogical objectives was to make the student familiar with
aspects of UCCD. We would credit the students when they
demonstrated that they understood and applied the UCCD
principles. By reviewing their peers’ design, they have the
chance to learn further the UCCD principles and holistic
design. However, from reading the design artifacts, we
observed that the majority of students provided holistic and
thoughtful solutions.

The seventh threat was that the students could not design
according to the principles of usability because many
students did not know about them. As the marks allocated for
the study was only 5% of the unit and the allotted time was
two one-hour sessions, hence the learning and teaching was
limited. The students were asked to produce a conceptual
design and hence it was not at the level of detail for them to
consider interface design. However, the students learnt the
need for understanding the human element in software
engineering. Our questionnaires were aimed at whetting their
appetite.

The eighth threat was that both the researchers and the
student reviewers could be wrong in assigning marks. To
overcome this threat, we relied on the explanations that were
provided while the marks were assigned. The peer review
marks were the average of the marks given by a number of
reviewers for each set of artifacts. We provided a rubric that
we developed over a number of years to all who assigned
marks. If there was a need, we would arrange for learned
colleagues to advise us. We will discuss this threat in detail
in the discussion section.

The ninth threat was that when the students were exposed
to one persona or specification (control students), they might
be at a disadvantage because of the particular traits of the
persona or because the student is part of the control group.
From the design artifacts and comments left by the students,
it appears that the students accepted that in real life they have
to design for people whose traits they do not like. From a
pedagogical perspective, during peer review, all students
were exposed to all personas (and the specification for Study
A) and one set of their peers’ design artifacts, hence they had
equal opportunities to learn.
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B. External Threats

A threat that may affect generalizability was that students
may think that their reviews were being monitored, hence,
that knowledge might influence their behavior. To overcome
this threat, the students were required to take part in the peer
review activity but the peer reviews were not counted
towards the marks they obtained. We will discuss this threat
further in the discussion section.

The other external threats relate to the inability to
generalize the conclusions of this study due to limited sample
size. We have data from two large groups of students. We
plan to run this study with other groups from different units
of studies at different universities and in different countries.

VI. RESULTS

We present the results of statistical analysis of the
evaluations made by peer review, the researchers’ review and
an official marker; we considered each set of data as a
sample data and made the following comparisons: for Study
A — peer review versus the researchers review — and for
Study B — peer review versus the researchers review and peer
review versus the official marker. During the discussion, we
will expand on our results. In choosing methods for analysis
of our data, we relied on literature (e.g. [13, 52]) which,
through studies that included simulation, have shown that for
large datasets, parametric statistics can be used for analysis
of Likert scales and non-normally distributed data.
(According to central limit theorem, when the sample sizes
are greater than 25, the means of large number of samples
are normally distributed regardless of the distribution of the
population.) For comparing different raters, we used Intra-
Class Correlation (ICC) as “the only measure that works well
when ratings are on a continuous scale” [32, p. 8]. In order to
use the correct ICC formula, we used the guiding principles
provided by Koo and Li [42] to select model, type and
definition. We selected a two-way random effect model
(generalizable to number of raters who have similar
characteristics), the mean value of multiple raters as the type
(mean of numerous raters) and a consistency definition (as
the raters’ assessment can be close but not exact). For each
of the two sample comparisons, we also provided a t-test of
the variation in means of the two samples, an F test of the
variance of the two samples and Cronbach’s alpha for
comparison.

We used the Microsoft Excel application (Excel) for the
linear analysis and R program for the t-test. For linear
analysis, we graphically displayed our results as scatter plot
and used the “line of best fit” or trendline. We calculated the
slope of the trendline, its interce?t with the variable plotted
along y-axis and R’ value (R* is the reliability of the
trendline — when this number is closer to one, the trendline is
a better representation of the relationship between the two
variables). We conducted t-test to compare two samples of
data and we checked if they are from the same population.
The null hypothesis is that the difference between the means
of the two samples of measured values under study is not
significantly different or the two samples are from the same
population. The p-value indicates the confidence level at
which the null hypothesis can be accepted or rejected [24].
For ICC we used, “icc” function (R program, “irr v0.84.1”
package).



A. Demographics

The participants in both studies were students attending a
university in a Western country and doing a second year IT
subject which taught them the engineering, design and
development of software applications. Table 1 presents the
demographics of the students. From Table 1, the majority of
the participants were from English speaking backgrounds or
were fluent in the English language. Relevant data supplied
by the participants who took part in the design and the peer
review activities, which were used for peer review
assessment, are reported in this paper.

B. Assessment by Peer Review and Student Report

Each student who participated in the design was expected
to assess a number of their peers’ design artifacts using the
rubric (five sets of design artifacts in Study A and six sets of
design artifacts in Study B). In checking the time to complete
the activity, we noticed that the students were keen to
participate in the peer review task and some took longer than
the expected time. Table 2 provides statistics for the peer
reviews. For Study B, the average time to complete the peer
review task (six sets of designs artifacts for six personas) was
about 55 minutes (each student spent 549 seconds on average
to review one set of design artifacts), each set of design
artifacts was peer reviewed 4.2 times with a standard
deviation of 1.7. Similar results are reported for Study A. In
addition to peer reviews, students spent additional time to
read the rubric, the personas, and answer questions about the
personas (and the specification) and their design experiences.

As it was required to send the reports to students before
the end of the semester, the final reports were emailed to
each student showing all peer reviewers’ evaluations (the
average of the peer reviewers’ evaluation was the mark
assigned by the peer review scaled appropriately). In Study
A, the students received the marker’s assessments and their
total final mark by email. In Study B, the students received
the peer review assessments and comments by email. They
were directed to check their final marks when the official
marks became available.

C. Assessment by Researchers

The main researcher (the first author) independently
evaluated each design artifact thoroughly using the same
rubric as the students used in peer reviews. All the
assessments of the designs were done independently. The
second author randomly selected 20% of the design artifacts
and independently marked the artifacts. After marking the
artifacts, she checked the assigned marks given by the main
researcher as well as the comments entered. She disagreed
with 2.5% of the assessments. These were discussed and a
consensus was reached. For Study B, the assessment process
took 67 hours to complete for 265 students’ conceptual
design artifacts without including the additional time spent
for rechecking the marks and other administrative work. The
same process was followed and a similar amount of time was
spent to assess the design artifacts in Study A.

D. Comparison of Peer Review and Researchers Evaluation

In both studies, after we finalized all the markings, we
statistically evaluated the relationship between the peer
reviews and the researchers’ evaluation. Fig. 2 and Fig. 3
present a graph of the marks assigned by the peer reviewers
and the researchers’ evaluation (review) for Study A and
Study B, respectively.
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From Fig. 3, the fitted linear trend line has a slope of 0.92
and the intercept of 6.14 %. The R” value is 0.85. Table 3
shows the statistical evaluation of the marks. Our null
hypothesis is that the two samples, the evaluation by peer
review and the evaluation by researchers review are from the
same population.

TABLE L DEMOGRAPHICS FOR STUDIES A AND B
Study A Study B
Item Category Design Pegr Design Peer Review
Activity | RE \ gctiviey | Activiy
Activity
Total 245 221%* 265 216
Gender |Male 172 147 170 115
Female 45 38 58 52
Unknown 28 36 37 49
Completed both” 186 186 187 187
Did only peer review - 35 - 29
Fluency |Native 145 128 148 104
in Speaker
English |3 years or 62 47 76 61
more
1-3 years 8 8 3 1
less than 1 2 2 1 1
year
Unknown 28 36 37 49
Note: * 4 Students did not provide complete dataset but their data for all
statistics in this paper were valid.
# Number of students who completed both design activity and peer
review activity.

TABLE II. PEER REVIEW STATISTICS
Item Statistic Study A Study B

Sets of design artifacts * | Total 245 265
Number of peer reviews Mean 38 42
for each set of artifacts SD 19 17
Mean Time of peer | Mean (Sec) 655 549
reviews for each set of

artifacts * SD (Sec) 644 552

Notes: SD — Standard Deviation

Sec — Seconds

# set of artifacts refers to the number of artifacts that each student
produced during their design and were available for peer review (4
artifacts during Study A, 5 artifacts during Study B)

* When the mean time was large, the time was corrected to Mean + 2SD
of original calculations. The figures do not include time for reading
instructions, Personas and the rubric, and answering questions.
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Fig. 2. Peer Review and Researchers Evaluation — Study A
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Fig. 3. Peer Review and Researchers Evaluation — Study B

TABLE IIL PEER REVIEW VERSESE RESEARCHERS REVIEW AND
MARKER — STUDY A AND STUDY B
Item Statistic Study A Study B
Evaluator Researchers| Researchers Il(;fﬁ cia{\
arker
Sets of Design | 1.\ 245 265 259
artifacts
Evaluator’s Mean (%) 69.92 69.98 94.66
Evaluation SE (%) 1.23 1.14 1.71
Peer Review Mean (%) 69.67 70.53 70.60
Evaluation SE (%) 1.23 1.14 1.16
t-test p-value 0.53 023 0.00¢
(paired t-test
between peer | ¢ 0.63" -1.207 9.85@
review and
evaluator’s -
evaluation) df 244~ 264~ 258@
ICC value 0.974 0.959 -1.32¢
Intra-Class
Correlation”
orrelation” | Confidence | o7 98 | 095,097 |-1.96,-0.81
interval
F 0.99 1.00 2.15@
$
F-Test df 244,244 | 264264 | 258,258
p-value 0.92" 0.98 <0.001¢
Iph 97 96 -1.32¢
Cronbach’s raw_alpha 0.97 0.96 3
Iph
apha Confidence | 97 098 | 095,097 |-1.83,-0.80
interval
Notes:
~ data drived from offical markes supplied by the Unit Convenor by the
formula: official marks = total offical final marks - peer review marks.
* Null Hypothesis: the mean of the two samples are same
$ Null Hypothesis: the variance of the two samples are same
~ the two samples are: peer review and researchers reviews
@ the two samples are: peer review and offical marks
# two-way random effect model, mean value of multiple raters type and
consistency definition.
df — degrees of freedom
p-value — probability value

E. Assessment by Staff as a Marker

In Study B, an official marker, one of the Unit
Conveners, assessed the conceptual design artifacts. The Unit
Convener provided the final total marks (official results).
The marks given included the peer review marks. No further
details were made available. Hence, we deduced that the
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difference of the final mark given and the average of the peer
review marks was the official marker’s assessment for each
student’s design artifact. Table 3 shows the statistical
evaluation of the marks given by the official marker and by
the peer reviews for the students that are reported in this
paper. The marks for six students were not available in the
official marker’s results. However, the six students produced
valid design artifacts and these were evaluated by their peers.
Their data are included in the researchers’ statistics but not in
the official marker’s statistics. The null hypothesis in t-test is
that the difference between the means of the two samples, the
marks given by the official marker and by the peer review for
the students that are reported in this paper is not significantly
different.

F. Students reviewed their own design

The sets of design artifacts were collated into sets of
design artifacts for review (five sets in Study A and six sets
in Study B) and were loaded onto Qualtrics [56]. The
students accessed the website at their own convenience and
downloaded their sets of artifacts for review. However, there
was a small chance that some of the students would receive
their own design artifacts to peer review. Table 4 shows that
in Study B three students reviewed their own design artifacts.

VII. DISCUSSION OF RESULTS

In this section, we first discuss the design of the studies
and then discuss the results, particularly focusing on
mitigation of some of the threats to the validity of the study
and answering our research question.

In Study A, which was our first attempt at peer review,
we did not wish any student to be disadvantaged, and hence
we allocated only a portion of the artifacts for peer review;
we allocated 40% of the marks by peer review and 60% by
the main researcher review which was randomly checked by
another researcher. If the peer review proved unsatisfactory,
we would moderate the marks. In an unlikely situation where
most reviews were erroneous, we would scale the researcher
review to 100% and disregard the peer reviews. However,
the quality of reviews and dedication of the majority of
students as shown in Figure 2 and Table 3 demonstrated that
peer review was feasible. Hence, in Study B, we increased
the assessment by peer review to 50% and had students
review all design artifacts that the students produced. In
Study B, we sought assistance from the Unit Conveners to
mark the remaining 50% of the assessments to remove
possible researcher bias.

We have the null hypothesis that the two samples, the
evaluation by peer review and evaluation by the researchers
are from the same population or the difference between the
two samples’ means is not significantly different. According

TABLE IV. PEER REVIEWED OWN DESIGN
Self Peer Researchers
1 *

PID Identified Review Review # Review
1810026 | Yes 100.0% 86.3% 80.0%
1810085 | No 70.0% 72.5% 65.0%
1810220 | No 90.0% 87.5% 80.0%
Notes: PID — Participant ID
* Student indicated that this is her/his own design
# The average marks for Peer Review includes Self Review




to Table 3, our results show that for Study A and Study B,
we cannot reject the null hypothesis because the difference
between the means of the samples of the review by peers and
review by the researchers is not significant. However, Table
3 shows that in Study B, we can reject the null hypothesis
that the difference between the means of the two samples, the
marks given by the official marker and by the peer review, is
significantly different. Hence, the peer review is likely to
have produced valid evaluations of the design artifacts.

Table 3 also shows the ICC for the Study A and Study B.
For both studies, comparing the researchers’ reviews and the
peer review, the ICC is within the confidence interval. In
study A, the ICC is 0.974 and the confidence interval is a
narrow range 0.97 and 0.98. In study B, the ICC is 0.959 and
the confidence interval is a narrow range 0.95 and 0.97.

However, the calculations for the official marker
produced negative values, indicative of negative correlation
between data. Similarly we evaluated Cronbach’s alpha
which shows that the values for Study A and Study B are
within the confidence interval for the researchers and the
peer review but the calculations produced negative results
comparing the official marker with the peer reviews. From
the F-test, the homogeneity of variance for both the peer
review and the researchers’ reviews, for Study A, F(244,244)
=0.99, p-value=0.92 and for Study B, F(264,264) = 1.00, p-
value=0.98 cannot be rejected. But homogeneity of variance
for the official marker and peer review for Study B,
F(258,258)=2.15, p-value=0.0 can be rejected.

Fig. 2 and Fig. 3 show the slope and the intercept of the
trend line and R” value (reliability of the trend line). When
slope = 1.0, the intercept = 0.0 and R* = 1.0, the peer review
evaluation follows the researchers’ evaluations. As shown in
Fig. 3, the data for fitted linear trend line: slope = 0.92,
intercept = 6.14 % and R* = 0.85. Table 3 presents the
statistics for the two samples of Study B: the peer review
evaluation and the researchers’ evaluations. The results show
that the sample means are close (the means are 70.53 and
69.98 for the peer review and the researchers’ evaluations
respectively) with small Standard Error (1.14 for both
samples). The p-value of 0.23 in the t-test studies shows that
our null hypothesis for t-test (the difference between the
means of the peer reviews and the researchers’ reviews is not
significantly different) cannot be rejected. We have similar
results for Study A. Due to the size of the samples, we have
reasonable confidence in our statistics. Thus, from Fig. 2, Fig
3 and Table 3, we gain confidence that statistically the peer
review and the researchers’ evaluations for our samples are
similar [24]. However, Table 3 shows that the peer reviews
and the marker’s assessment do not agree. Hence, in the
following paragraphs we will discuss the validity of the
assessments and conclude accordingly.

We found that it was time consuming to evaluate the
conceptual design artifacts and provide meaningful
comments. Paying someone, or a team of people, to spend 67
hours (the time spent by the first author, as the main
researcher) for marking an assessment task worth 5%, is not
viable. The marking budget for the second year
undergraduate IT units at the university where this research
was conducted was 30 minutes per student in total, giving a
total of 132.50 hours for all assessments (minus the final
exam) for 265 students. In reading the design artifacts, there
was clear evidence that the responses were examples of
“reaction on the job” [36, 37, 60]. Hence, proper assessment
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of conceptual design required time to read the artifacts
carefully and decipher innovative ideas within the artifacts.
Due to budget constraints, teaching staff at higher education
institutions often have limited time to mark and provide
feedback for conceptual design artifacts of students from
large classes. The National Tertiary Education Union
(NTEU) in their submission to the Australian Parliament
quotes from a casual academic “We are allocated 22.5
minutes to mark a 1500 word assignment. 22.5 minutes is
entirely unrealistic: I have spent up to 15 hours of unpaid
time per subject to complete marking” [53, p. 15]. Hence, in
large classes, the educational institutions are more likely to
rely on methods that lend themselves to automated marking
such as quizzes [46].

Even if funding is available, another compounding factor
is finding markers with adequate expertise to assess the
conceptual design artifacts of hundreds of students.
Furthermore, as all students’ results must be made available
within a fixed deadline, at least before the end of semester,
staff have limited time to provide detailed assessment of
conceptual designs. As researchers, we were ready to spend
the required time and effort and independently check the
design artifacts. University staff are assumed to have the
most in-depth and accurate knowledge and often their
marking is set as the standard in ground truth assessment e.g.
[43]. However, teaching staff may not necessarily be better at
assessing design creativity and value compared with
knowledgeable peers — as conceptual design is like a trait —
that can be characterized as an open/broadminded person
who widely reads and explores ideas and who is typically
more creative than the person who is good at doing tasks
procedurally [25].

From Table 1, in Study A 35 students and in Study B 29
students participated in peer review without having
participated in the design activity and they produced valid
reviews. They were aware that no credit would be given for
participating in peer review. Their participation demonstrates
that the students were keen and wished to learn. From Table
2, the marks were 5% of the unit marks and yet the time that
a number of the students spent for the peer review activity
was more than an hour and they did not receive any mark for
peer review. They would not have spent the time if they did
not enjoy it or did not perceive its value. This is further
evidence that the students desired to learn and hence would
not have been biased.

In the eighth threat we highlighted that both the
researchers and the student reviewers could be wrong in
assigning marks. We used statistical measures to evaluate the
reliability of the evaluation of the artifacts. For ascertaining
the validity of the evaluation of artifacts, we relied on the
comments that were provided for each evaluation. As we had
no comments from the official marker, so we cannot judge
how the marker assessed the conceptual design. Our
experiences during our studies were in line with previous
researcher’s comment: “Most computer science academics
lead double lives, leading their research lives and their
teaching lives according to different mindsets. In their
research lives they read literature, attend conferences, and
publish, in a repeating cycle, with the individuals of a
research community building upon each other’s work. In
contrast, the teaching lives of most computer scientists are
relatively self-contained, even among active members of the
SIGCSE community” [47, p. 146] .



Our rubric was instrumental in producing consistent
results. The peer reviewer’s comments and their assessments
show that most students took the task seriously, reviewed
their peers’ design artifacts objectively and provided
meaningful comments. Selections of the reviewers’
comments are included in Table 5 (Study A) and Table 6
(Study B). In both tables, ‘Post Thought’ refers to the last
text box we provided at the completion of the peer reviews
with the heading ‘any thoughts or comments’ for students to
enter whatever they wished. Table 5 and Table 6 indicate that
through the peer review process, many students learnt from
each other and they learnt whether the conceptual design
artifacts met the human aspects of software engineering.
From the level of maturity demonstrated in the comments
made by the students who participated in the peer review, we
expect that they will be able to carry the learning benefits
into their professional life [58]. Further, even if our results of
the peer review assessment are not valid, as pointed out by
Kwan and Leung [44], the educational benefits of our
methodology, as reflected above, outweighs any small threat
caused due to validity in the assessments. However, our
results show that peer review using our rubric provided for
consistent (reliable) evaluation of the design artifacts. Hence,
the second-year undergraduate IT students could review their
peer’s elaborated design artifacts with the help of a rubric, as
the designers divided their design into sections and therefore
had clarified their thinking. Our findings are in line with
Hafner and Hafner [33].

Table 4 shows the students who accidentally reviewed
their own design artifacts and Table 6 provides selected
comments the reviewers made. Notably in the list are
Participant IDs 1810085 and 1810220 who not only were fair
in reviewing themselves but also provided reasoning which
demonstrated their learning. Thus, majority of the students
would assess the design artifacts fairly even if they identified
their friends through their design signatures. Participant ID
1810026 did not see that the peer review could also be a self-
review. She/he was the only student who was negative about
the study and also the only student who manifested bias in
her/his comments.

Due to space limitations we listed a limited number of
comments in Table 5 and Table 6. We have also published
37 quotes from students for Study B [10, Table 6 and Table
7]. (In these tables, “Solution Thoughts” refer to comments
students made as the last activity during the design and “Post
Thought” during peer review.) None of the students
expressed any comment that would make us conclude that
the students lacked confidence in marking or were not clear
about the objective of the study.

Table 5 and Table 6 show that the majority of the
students referred to the persona by name and considered the
needs of a persona important in their evaluation of the
design. This is in line with reflective thinking [60] and UCD
methodology [21, 51], the knowledge and skills we sought
our students to gain. In answering our research question, our
results show that the students can evaluate their peers’
conceptual design using our rubric and provide valid and
insightful comments for the students’ benefit in a timely
manner. Our results are consistent with previous research [4,
33, 57] though none of that work involved the use of peer
review for learning conceptual design — other than the
research that the authors of this paper did [10].

www.minh-fien.com/academic — Preprint: 43rd ACM/IEEE ICSE-SEET 2021
© 2021 IEEE This article has been accepted for publication by IEEE.

In summary, the students in both Study A and Study B
have benefited from exposure to professional tools and
techniques. They learned user-centered conceptual design
using personas and gained exposure to a reflective concept in
their learning activities: While they took part in conceptual
design activities, they reflected-in-action as well as reflected-
on-action and while they reviewed their peers’ conceptual
design artifacts they reflected-on-action and reflected-for-
action [41, 60]. These activities were to encourage students
to act like professional software engineers who “rethink their
professional creations during and after the accomplishment
of the creation process” [35, p. 161]. Thus, reflective
practices assist students to learn at the high levels of the
Revised Bloom's Taxonomy [15]. Hence, our methodology
would particularly be beneficial not only in a large cohort of
undergraduate IT and software engineering students where
financial resources are limited but also in teaching subjects
where reflective learning is desired [1].

VIII. CONCLUSION AND FUTURE RESEARCH

Within prevailing budget constraints, it is not practical
for staff to evaluate conceptual design artifacts of large
classes of undergraduate students and provide them with
detailed feedback of their work [53, 68]. We can conjecture
that the teaching and assessment of conceptual design is not
commonly undertaken by higher education institutions for
undergraduate IT students due to lack of resources. Our
research shows that Software Engineering and Information
Technology undergraduate students can review their peers,
provide timely evaluation of conceptual design artifacts and
produce valid assessment results using a comprehensive
rubric.

Our data show that students learn while designing, and
further enhance their learning during peer reviewing. The use
of personas is an effective tool for keeping students focused
on a target user while designing. Our methodology teaches
UCCD to undergraduate students at the highest rung of
cognitive processes as we provide them with an opportunity
to reflect-in-action, reflect-on-action and reflect-for-action
about their conceptual design artifacts using personas [3, 41,
60].

The novelty of our research is that we introduce to
undergraduate Information Technology and Software
Engineering students tools and methodologies that are used
by professional software engineers and user-centered
designers, and expose them to reflective practices that are
essential characteristics for professional competence [1, 11,
34, 36, 51] with using little extra resources.

We plan to further this research with different cohorts of
students from other higher education institutions in other
countries and cultures. We plan to extend our research to
include postgraduate students and professional people from
various industries [7].

IX. DATA AVAILABLITY

The rubric and the personas can be found in [7]. Please
address your inquiries to the first author.
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TABLE V. PEER REVIEWER’S COMMENTS (STUDY A).

PID Artifact” |Persona#| Marks * Peer Reviewer’s Comment (Their comments are not edited)

1710139 |Unique Henry 0.75 The unique of the mobile application has Henry put into the accounts accurately and keep his mind set on

Feature his spendings on savings and expenses such as rent and bills. Also, he can apply it to a draft as quick budget
just in case for safety spending. ...

1710081 |Scenario Henry 1 good answer. it provides the reason and the structure on how to using the software.

1710071 |Architecture [Henrik  {0.50 only mentions one platform for the app to run in but does not elaborate on structure of app

1710205 |Architecture |Hank 0.75 This is a very detailed response for the reasoning however, the architecture and connectivity are not

explained enough. Is this stand alone? or does this access other apps such as a calendar?

1710116 |Unique Harry 0.75 Mentioned a unique feature and explained how it works in detail.
Feature

1710038 |Specfcto  |Harry 1 Meeting of holistic persona's requirements are adequately identified, with strong reasoning provided
Persona exhibiting applications function in relation to Harry's flaws.

1710086 |Scenario Specifica-{0.50 Only a preliminary scenario is given with brief details in the most superfluous interactions between user and
Writing tion application. No true detail in how the features of the application work together in a detailed scenario.

1710105 |Architecture |Specifica- |1 Cloud besed service and different interface on different devices. Easy to access anywhere and anytime

tion

1710049 |Post - - Interesting to see the range of responses and solutions. Especially when it comes to understandings of what
Thought is reasonable with interactions to other systems.

1710081 |Post - - i think those suggestion are really good, compared with my assignment. in this review, i truly understand
Thought how to do a design and compare other design. / wish i can do again of my assigement.

1710091 |Post - - It was interesting reading some of the responses of fellow students and a worthwhile experience looking at
Thought things from a a non-self review context.

Notes: PID - Participant ID

* Maximum | mark

# Persona or specification for whom the design was prepared

% Post Thought is the student’s thinking at the end of peer reviews.

TABLE VI PEER REVIEWER’S COMMENTS. (STUDY B)

PID Artifact” |Persona’| Marks” Peer Reviewer’s Comment (Their comments are not edited)
1810090 |Ideation Chi 1.0 This conceptual design is good at help Chi pronounce English words. Chi also can easily understand words
by translating words to her native language.
1810233 |Ideation Thuy 0.5 There should be more elaboration on specifics and examples rather than just stating what the person is
looking for, the 0.15 [sic] marks would be awarded if it was elaborated and a better example was given.
1810062 |Ideation Thuy 0.5 What is written is very hard to understand. The translator is a good idea. And it shows that that Thuy's
description has been read, mentioning she uses her mobile phone. However, does not delve deeper than that.
1810283 |Ideation Minh 0.75 I still find it quite vague what the videos would actually include. Great idea but not elaborated on for full
marks.
1810051 |Ideation Minh 1.0 The design is suitable for someone who is keen on learning new things everyday and wants to have proper
time management like Minh.
1810072 |Ideation Minh 1.0 My reason for giving the mark is that Minh can search on the relevant topics on "Informinhtion" Software
application after coming from the library. She can use this application n her mobile phone as she don not
have computer. She gets all the relevant information from most relevant to least relevant. She can also
download the articles from the application as well as the videos so that when her dormitory wi-fi is not
working then also she can access the information.
1810019 |Ideation Paul 0.25 The concept design doesn't help Paul achieve professional English skills by reading, writing and speaking.
1810131 |Ideation Paul 1.0 conceptual design is elaborated and a reasonable scenario is provided. From entries, it can be deduced that
the application meets the Holistic Persona’s requirements, considering her/his traits and is feasible
1810123 |Ideation Peter 0.75 Good ideas on the conceptual design. It will help Peter advance in his studies because the design is built for
Peter.
1810198 |Ideation Will 1.0 The designer is EXTREMELY engaged in understanding the traits of Will as the user of the application as
well as his needs.
1810083 |Ideation Will 1.0 The conceptual design is extensively elaborated upon and it is clear the requirements are understood as it is
reflected in the design. It takes into account the traits of Will, such as him wanting to have clues on how to
use the application (the participant included a Help tab).
1810085 |Unique Chi 0.5 the design names the list of unique features without more explanations and their performance and processes.
Features there is no detailed information for these features.

1810220 |Architecture |Peter 0.75 not much about platform - structure and connectivity good though

1810026 |Unique William |1.0 Not much of a peer review if [ am reviewing myself
Features

1810233 |Post - - This was an interesting assessment, viewing peoples work and ideas which were somewhat very similar was
Thought very interesting to view.

1810175 |Post - - I would prefer designing an app for Paul and Minh because I feel like I can relate to them more than the
Thought others so I feel like I would be able to help them out.

Notes: PID - Participant ID

* Maximum | mark. The marks were assigned by the reviewers.

# Persona for whom the design was prepared

% Post Thought is the student’s thinking at the end of peer reviews.
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