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This study has investigated the natures of collaboration, group-based strategy use, and perception of assessment, as well as

interactions among these aspects, by examining group performance in engineering students’ first experiences of a problem

and project-based learning (PBL) method. Empirical evidence was gathered from focus groups and observations of 91

engineering students in Qatar who worked in 17 project teams. Qualitative analysis results identified three patterns of

conceptions of collaboration and five categories of group-based strategies in a hierarchical order. Findings of the study

extended the current understanding of self-regulated learning by providing evidence from a group form in a collaborative

learning setting. Characteristics of Middle Eastern students are highlighted regarding their favoring division of tasks and

relying on seniors as major sources of knowledge authority. Quantitative analysis identified a significant relation among

conceptions of collaboration, group-based strategy use, and team performance. Students’ perceptions of assessment

remain diverse, suggesting it may take longer than expected for students to gain a deep understanding of constructively

aligned alternative assessment in PBL. The results provide a few implications for instructional design in general and PBL

implementation in particular.
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1. Introduction

Over the past two decades, the inclusion of colla-

borative learning in engineering curricula has been

suggested as a means of preparation for future

professional practice [1–3]. In particular, problem

and/or project-based learning (PBL) has been high-
lighted as a viable option, since in such an environ-

ment, teamwork is specifically emphasized to

promote a process of peer learning and co-construc-

tion of new knowledge [4]. While a rich body of

literature has reported the effectiveness of team-

work on engineering students’ academic achieve-

ments [1, 5, p. 3], several studies have reported how

engineering students have also improved self-satis-
faction, enjoyment, motivation, and potential for

developing competencies for future engineering

work through collaborative learning [6–10]. Never-

theless, little is known about how engineering

students’ experience the teamwork process, such

as how they conceive of collaboration and develop

collaborative learning strategies in a PBL environ-

ment. While the past decade observed several

debates on ways to assess team projects effectively,

little consensus has been reached [1]. Although

numerous studies suggested alternative assessment

methods to enhance teamwork [4, 11], little has been

reported on how students perceive these methods

and what types of assessment they believe to be
appropriate. Accordingly, more studies are neces-

sary to examine students’ collaborative strategy use,

conceptions of collaboration, and perceptions of

alternative assessment methods in a team project

setting, particularly in a situative and context-

sensitive approach [11, 12].

In the Middle Eastern context, although pro-

blem-based learning has been practiced in a few
medical schools [13], project-based learning (PBL)

remains a new phenomenon in engineering educa-

tion. Over the past few years, theAustralianCollege

of Kuwait has adopted PBL in their engineering

curriculum and reported positive experiences from

students’ points of view [14], but further educational

and research attention is needed on implementing

PBL in the Middle Eastern context. Qatar Univer-
sity (QU), being the country’s foremost higher
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educational institution, is engaged in promoting

educational innovation. Following this initiative

and due to compliance requirements set by the

Accreditation Board for Engineering Technology

(ABET), the College of Engineering encouraged

instructors to implement PBL in engineering
courses within the current curriculum. In 2018,

three courses in Civil Engineering were taught

using PBL pedagogy in response to such an initia-

tive. Therefore, there is a pressing need for more

efforts to understand how students experience the

process of their first PBL encounters [9].

To enhance pedagogical innovation successfully,

particularly for students from a context where
lectures are the prevailing teaching method in a

teacher-centered environment, it is important to

gain a profound understanding of how students

traverse the learning process and what challenges

they encounter [15]. Therefore, this study aims to

explore how engineering students develop learning

strategies in a team project setting, what forms of

collaboration they develop, and how they perceive
alternative assessments for team projects during

their first experience of such. Another purpose of

the study is to investigate the interactions among the

above-mentioned factors and their relation to stu-

dent academic performance. The study takes its

theoretical departure from the notions of self-regu-

lated learning and a social mode of regulation from

a sociocognitive perspective, as well as social con-
structivism approach to learning and assessment.

The empirical sources of the study were three

engineering courses which implemented a problem

and project-based learning method. Qualitative

data was generated from participant observation

and focus groups conducted with 91 students work-

ing in 17 project teams. A qualitative approach was

used to identify patterns of conceptions of colla-
boration and group-based learning strategies, and a

‘‘quantifying qualitative data approach’’ [16] was

used to analyze the correlation among concepts of

collaboration, group-based strategy use, and team

performance.

2. Literature Review

2.1 Learning Strategies – from Individual to

Collaborative

Having emerged from a sociocognitive perspective

[17, 18], the notion of self-regulated learning (SRL)

emphasizes learners’ active participation in the

learning process, considering learners as construc-
tors of knowledge rather than recipients of informa-

tion [19–21]. According to Zimmerman, ‘‘students

can be described as self-regulated to the degree that

they are metacognitively, motivationally, and beha-

viorally active participants in their own learning

process’’ [20, p. 329]. SRL is a useful tool for

individuals to develop strategies in their individual

learning process within certain contexts and situa-

tions [22]. For this to apply, a self-regulated learner

shall have skills including: setting specific proximal

goals for oneself; adopting powerful strategies for
attaining the goals; monitoring one’ s performance

selectively for signs of progress; restructuring one’s

physical and social context to make it compatible

with one’s goals; managing one’s time use efficiently;

self-evaluating one’s methods; attributing causation

to results; and adapting future methods [23].

Further, Pintrich [19] has identified a four-phase

model including learners’ development of cognitive,
metacognitive, and motivational strategies: (1) goal

setting, forethought, planning, and activating prior

knowledge; (2) monitoring, elaboration, and orga-

nization; (3) controlling, adaptation, and critical

thinking; and (4) reaction and reflection.

Existing literature has provided abundant evi-

dence on development and interaction among

aspects including individual performance, strategies,
efficacy, behaviors, goal-setting, and self-evaluation

with targeted intervention such as PBL [15, 24, 25].

While the role of social context has evolved over the

decade, little empirical evidence has been documen-

ted on the social nature of learning [12, 26], and even

less is known on how learners develop strategies in a

group form [11]. Taking a bidirectional view of the

interaction between evolved factors and human
adaptation and change, social cognitive theory

emphasizes the mutual influence between learners

and their environment while also acknowledging the

increasing complexity in the evolutionary process

[18]. Thus, social context is central in shaping and

influencing student self-regulation regarding defin-

ing conditions for tasks, establishing standards,

feedback, modeling, and self-evaluation [26]. There-
fore, increased research efforts are called for to

address SRL strategy use in a collaborative learning

setting such as PBL, particularly in a sociocultural

context where lectures remain the prevailing teach-

ing method [11].

2.2 Conceptions of Collaboration

Collaborative and cooperative learning are being

increasingly adopted in classroom instruction at all

educational levels, based on the premise that not

only self-regulation but also social modes of regula-

tion arise in the learning process [27, 28]. Although

there is no agreed-upon way to define and distin-

guish between collaborative and cooperative learn-

ing, it is argued that collaborative learning
emphasizes ‘‘truly joint efforts’’ [29, p. 2] while

cooperative learning focuses on ‘‘the labour

[being] divided in a systematic way’’ [29 p. 2]. With

no intention to distinguish between these two terms,
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collaborative learning is used in the current study to

indicate a process with an ultimate goal of encoura-

ging learners to share and co-construct knowledge

among team members [27, 29, 30].

The social mode of regulation may appear in

many settings, but in this study, we mainly focus
on collaborative learning in a social context of

project teamwork and exclude settings such as

parent-child and teacher-student interactions [28].

A project team, referring to a group of individuals

working on interdependent tasks within a defined

time period with shared responsibilities and goals

such as achieving certain results or generating a

specific product [31, pp. 390–91], is a major format
of organizing collaborative learning in engineering

PBL. A rich body of literature has reported benefits

of collaborative learning on students’ attitude and

motivation [3], academic achievements, and reten-

tion in engineering programs [1, 5, 32]. Previous

studies also suggested that collaborative learning

activities are not successful unconditionally, but are

rather related to a variety of factors, including
students’ ability, numbers of collaborations,

gender, and engagement in cognitive processes

such as working toward a common goal, peer

questioning, and elaboration, among others [3, 5].

2.3 Collaborative Learning in PBL in Engineering

Education

While a prevailing interest in research on collabora-

tive learning in engineering education lies on team

effectiveness, there is less research on understanding

how students conceive of and develop ideas on

collaboration. In addition, although the literature

agrees that collaboration is coordinated, synchro-

nous goal-oriented activities require active partici-

pation, negotiation of meanings, dealing with social
conflicts, and co-construction of deep understand-

ing and knowledge [1, 33]. Furthermore, recent

studies have suggested that learners’ views on col-

laboration are culturally sensitive. For example,

Zhao and Zheng [11] found that Chinese students’

conceptions of collaboration are surrounded by the

diverse roles of group leaders, and Du, Su and Liu

[6] found Chinese engineering students tended to
rely on the instructors and seniors as the major

authority and prime information source in their

team projects. Refeque, Balakrishnan, Inan, and

Harji [34], in their survey focused on diploma degree

students in Oman, found that over 64.6% of 274

participants preferred having one group leader to

coordinate and divide tasks among members. Our

recent comparative study [9] also suggested that
despite the improved acknowledgment of the role

of knowledge building and collaborative learning

through their first PBL experience, engineering

students in Qatar and China reported concerns of

potential consequences of team work influencing

their individual achievements. Therefore, while col-

laborative learning is being increasingly integrated

into engineering programs in diverse social and

cultural contexts, there is a need to better under-

stand how engineering students conceive collabora-
tion and develop collaborative work in a project

team setting.

Definitions of PBL vary, referring to either pro-

blem or project-based learning. In this study, PBL is

used to refer to a problem and project-based learn-

ing method. The emphasis on a problem refers to

‘‘an instructional learner-centered approach that

empowers learners to conduct research, integrate
theory and practice, and apply knowledge and skills

to develop a viable solution to a defined problem’’

[35, p. 7]. The focus on a project links the contexts of

teamwork and collaborative learning into the pro-

cess of shared project work. Taking its departure

from social constructivism, PBL emphasizes mean-

ings generated by learners rather than the mere

memorizing of the ‘‘right’’ answers. Problem-sol-
ving, which is relevant to the learners’ interests and

needs, plays a central role in learning. Learning is

not only an outcome but also a process of experien-

cing things in the world through solving problems

and generating meanings [36], and through trans-

forming the experiences of living into knowledge,

skills, attitudes, andbeliefs so that individualsmight

develop [37]. With an emphasis on dialogue and
interaction among learners, social constructivism

also highlights collaborative learning. The role of

learners as constructors of interaction is highlighted

for cognitive development through interfacing with

other people in processes of engaging in activities to

co-construct understanding and new knowledge

[38]. Through the interaction, learners encounter

conflicts or different opinions, so they are encour-
aged to search for more information, explanation,

discussion, justification, assimilation, and accom-

modation, which involves a meaningful process of

learning together.

In particular, collaborative learning is regarded

as essential for profession-oriented educational pro-

grams, as stated by Michaelsen, Parmelee, McMa-

hon, Levine, and Bilings in the assertion that
‘‘students need to learn and apply the power of

reason gained through critical thinking before offer-

ing viewpoints and to apply this same approach

when evaluating statements made by others’’ [39, p.

80]. The authors also argue that the process of

accomplishing this demands an interactive process

of learning and reflecting together with peers, which

is highly important for developing profession-
related competencies. In engineering classrooms,

collaborative activities can be provided through

activities organized by the instructors or in informal
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forms volunteered by students [40]. In aPBL setting,

collaborative learning is central to teaching and

learning activities and often organized through

project teams, and the instructors’ role shifts from

providing correct answers and factual information

to designing and facilitating learning [41].

2.4 Alternative Assessment and Teamwork

The assessment remains an essential concern when

implementing teaching and learning innovation.

Embedded in a constructivism approach, the

model of constructive alignment [42] underlines

agreement among intended learning outcomes,
assessment methods, and the learning process.

While the concept of constructive alignment has

been influential in helping instructors with course

designs across various disciplines in higher educa-

tion [43], it is also in line with the principles of PBL

design and practice. Thismeanswhen implementing

PBL, alternative assessment shall be adapted to be

compatible with the goals and principles of PBL in
order to better facilitate deep learning and higher-

level learning outcomes. Relating this framework to

PBL designs and practices, the principles include:

(1) developing learning goals and outcomes, includ-

ing student needs, interests, motivation, and con-

text; (2) organizing teaching activities (e.g., PBL) to

reach these goals, including adjusting the curricu-

lum and syllabus to address students’ prior experi-
ence, using problems that are relevant to students,

constructing learning around principal concepts,

and appreciating students’ perspectives; and (3)

linking assessment tools to learning goals and

student learning activities (PBL).

Multiple sources of assessment are often encour-

aged, with emphasis on context-based learning and

the learning process in a PBL environment [44]. As
an alternative to conventional summative assess-

ments, formative assessment intending to generate

feedback on learner performance to improve learn-

ing is often used to facilitate self-regulated learning

[41, 44]. In particular, using well-tailored assess-

ment rubrics and criteria is highly encouraged to

help students in engineering programs focus on

learning objectives rather than only on marks [45,
46]. In addition, a computer-supported learning

management systems model is also reported to be

a useful tool to assess PBL learning processes and

outcomes in engineering programs, integrating

diverse skills such as communication, interaction

among team members and with the instructor,

engagement with active learning, feedback, and

peer evaluation [47].
While previous studies provided evidence of the

connection between team effectiveness and engi-

neering students’ academic achievements [1, 5],

and earlier studies have suggested an association

between students’ views on collaboration and the

approaches and strategies they develop in team

projects [9, 11], limited empirical evidence has

been reported on the interaction among all these

aspects. Therefore, more research is needed to

examine the relationship between students’
reported engagement in collaborative learning and

their academic achievement [3].

Embedded in learning theories that focus on

social and situated processes [37], the present

study was conducted in a context of initial imple-

mentation of PBL in engineering education to yield

a deep understanding of interactions between stu-

dents’ conceptions of collaboration, their strategy
use in a collaborative learning setting, and their

perception of assessment, as well as the association

of these interactionswith the outcomes of their team

projects. This study is centered on the following

research questions:

1. How do engineering students conceive colla-

boration in their team projects?

2. How do engineering students develop group-

based strategies in their initial experience of

PBL?

3. Howdo students perceive the alternative assess-

ment practices in PBL?
4. Is there a significant correlation among stu-

dents’ strategy use, forms of collaboration,

and the outcome of their team project perfor-

mance?

3. Methods

3.1 Research Context

The study was carried out during the spring and fall
semesters of 2018 in three third-year/fourth-year

civil engineering courses at the College of Engineer-

ing, Qatar University. The course instructors first

participated in a professional learning program for

the problem-and project-based learning method

(PBL), after which they volunteered to implement

PBL in their own classes. All three courses were

designed collaboratively by researchers of this
study, following PBL principles suggested for engi-

neering education in general [4]. The three courses in

the current study were the first PBL experiences for

both instructors and students, who were otherwise

used to a lecture-based teaching method. Consider-

ing this background, course instructors designated

an overall theme based on a real-life engineering

design problem in the construction and civil engi-
neering field. Studentsworked in teams to focus ona

particular aspect of the theme, pushing toward the

same learning objectives in each course. Lecture

time was reduced to less than one-third of the total

contact hours, the instructors providedmaterials on
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Blackboard (online sources), and two thirds of the

overall classroom time was spent on team projects.

The instructors walked around the groups as they

worked, providing discussion and advice for the

students. Alternative assessment methods were

designed to be constructively aligned with the
course objectives and PBL activities [42]. Instead

of using 100% individual written exams, the PBL

course exams consisted of 70% group project assess-

ments throughout the semester (divided into stages

of project progression) and 30% individual assess-

ments.

3.2 Participants

All civil engineering students from the three courses

(n = 93) were invited to participate in this study. A

total of 88 (95%) students participated in 17 focus

groups. Participants were only male, as the under-
graduate civil engineering program is not available

for female students. Table 1 provides an overview of

participant information.

3.3 Data Sources

The prevailing method for SRL, a measurement by

student self-reported questionnaire survey, has been

criticized for not providing opportunities to ade-

quately capture the contextual and emerging nature

of strategyuse [12]. Toaddress the complex nature of

strategy use in a group-based form and to be able to

identify emerging patterns in a unique instructional
context in the current study, a qualitative approach

to data generation was employed. To gain multiple

sources of data, participant observations [48] and

focus groups [49] were conducted and analyzed to

reveal the contextual and dynamic nature of how

engineering students in Qatar develop SRL strategy

and teamwork in their initial PBL encounter.

Participant observation was conducted to gain a
deep understanding of students’ experiences in the

process of implementingPBL.Twoof the coauthors,

who were also instructors of the three courses,

played a dual role in the classroom: PBL facilitator

and observer of students’ reactions, progression,

strategy use, interactions, discourses, and practices

[50]. This intensity of time spentwith students helped

the authors to better understand the students’
experiences, which were used for an overall judg-

ment of students’ strategy use and forms of team-

work, and for triangulation with focus group data.

Focus groups were conducted at the end of the

program as a method of understanding partici-

pants’ overall experiences and promoting further

reflection. For the purpose of understanding group-
based strategies and forms of teamwork, the focus

groups were organized by project teams. Following

interview techniques suggested byKvale and Brink-

mann [49], the focus groups included semi-struc-

tured questions and emerging topics for

conversation to promote further reflection. During

the focus groups, participants were invited to share

their first experiences of participating in PBL: how
they formed groups and how they structured their

project process and group work, including goals,

project planning, learning sources, communication

forms, team dynamism, challenges, and coping

strategies. Probing and confirming questions were

asked, allowing opportunities for the participants to

elaborate on individual thoughts in addition to

group decisions. The focus groups, conducted in
English (same as their study language) and lasting

40–60 minutes each, were audio-recorded and tran-

scribed for content analysis.

3.4 Data Analysis

This study adopted a ‘‘quantifying qualitative data’’

approach for data analysis [16]. The method has

been well-used in cognitive sciences and was
recently introduced to educational studies [7, 11].

Qualitative data was analyzed in an inductive and

deductive approach. First, following Pintrich’s 4-

phase model of SRL strategy use [19], all answers to

the same questionswere grouped together to discern

patterns. Next, a bottom-up approach [49] was used

to identify themes and condensedmeanings. Special

attention was paid to contextual analysis with the
purpose of identifying group-based strategy use in

the given context. In this process, five categories of

strategy use were identified: goal setting and plan-

ning, task division, source of information, monitor-

ing and controlling of the learning process, and

reflecting together. Rating criteria were established

to distinguish the strategy use in three levels: high,

medium, and low. All focus group data was coded
and rated by the first author following the scheme
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Table 1. Overview of the Participants

Class number Name of course
Number of class
participants

Number of project
teams

Number of focus
group participants

1 Design of RC Structures 32 6 30 (93%)

2 Design of RCMembers 24 4 23 (96%)

3 Selected topics in Construction Engineering 35 7 34 (97%)

Total: Total 3 91 17 87 (96%)



(see Tables 2 and 3). The same rating criteria was

used for the two course instructors to rate the

observation data. The authors discussed the rating

criteria in detail to reach a common understanding
of how to relate it to several rounds of reading

transcripts and observation notes. Then, rating of

two types of datawas conducted separately for a few

rounds. Intra-reliability was calculated comparing

results of different rounds of analysis respectively.

Afterwards, initial results of both data sources were

compared and discussed before a few more rounds

of careful consideration of the ratings established
final results.A similar approachwas also utilized for

students’ responses to and observation of classroom

practice on forms of collaboration and teamwork.

The results of Intra-rater Correlation Coefficient

(ICC) of focus group data were: strategy use 0.97 in

total (0.92, 0.86, 0.87, 0.89, 0.92 for the five cate-

gories respectively), and collaboration 0.79. ICC

results of observation data were: 0.98 in total
(0.94, 0.77, 0.83, 0.92, 1.00 for the five categories

respectively), and collaboration 0.66.

A non-parametric correlation test (Spearman’s

rank-order correlation) was conducted, due to its

suitability for small sample data, in order to explore

the relation between strategy use and forms of

collaboration. The overall project performance

was measured utilizing an alternative assessment
wherein 70% of grades were based on teamwork.

The sum of students’ grades from two assignments

and one final project report was computed as an

indicator for students’ group-based project perfor-

mance. The grading rubrics emphasized overall

goals of the course and aligned with the PBL

method. Students were provided with the rubrics
at the beginning of the courses and encouraged to

use them to guide their project work. The two

sources of data were also compared to their

group-based grades, which were coded as A = 4,

B+= 3.5, B = 3.00, C+= 2.5, andC= 2.00 as per the

grading policy of Qatar University. The results are

illustrated in the Findings section.

4. Findings

4.1 Conceptions of Collaboration

A coding scheme of conceptions of collaboration

was developed from the focus group data using an

inductive approach. Three major aspects were iden-

tified in students’ report of their teamwork: division
of work, with a leader or not, and with a common

goal or not. Three major patterns were identified

regarding how each team worked together: (1) no

leader, no common goals, individual task division,

and putting individual work together as a teamwork

outcome; (2) leader initiation andwith clear division

of work by sub-team or pair; (3) collective delega-

tion for achieving a common goal, no obvious
leader. Final results of focus group and observation

data reported a high level of similarity on collabora-

tion, and after discussion, we reached an agreement

on the forms of collaboration in each team. Follow-

Engineering Students’ Conceptions of Collaboration, Group-Based Strategy Use, and Perceptions of Assessment 301

Table 2. Overview rating results for collaboration and strategy use

Class Group Collaboration Strategy use (focus groups) Strategy use (observation)

1 2 3 1 2 3 4 5 1 2 3 4 5

1 1 x 1 1 1 1 1 1 1 1 1 1

2 x 2 2 1 2 1 2 2 1 2 1

3 x 2 1 2 2 1 2 2 2 3 2

4 x 2 2 2 2 2 3 3 2 3 3

5 x 3 3 2 2 2 3 3 2 2 3

6 x 2 2 2 2 2 2 2 1 2 1

2 7 x 3 3 3 3 3 3 3 3 3 3

8 x 3 3 2 2 2 3 3 2 3 2

9 x 3 2 2 2 2 2 2 2 2 2

10 x 2 2 2 2 2 1 1 1 2 2

3 11 x 2 2 2 2 2 2 2 1 2 2

12 x 2 2 3 2 1 2 2 3 2 1

13 x 3 3 3 3 2 3 3 3 3 2

14 x 3 3 3 3 2 3 3 3 3 3

15 x 2 2 2 2 2 2 2 1 2 2

16 x 3 3 3 3 3 3 3 2 3 3

17 x 2 2 2 2 1 2 2 1 2 1



ing the three forms of collaboration identified, an

overview of rating results for the 17 groups is

presented in Table 2.

As Table 2 shows, five out of the 17 groups were

found to have a relatively poor collaboration form;

they lacked agreement on a shared goal, a leader,

and a sense of shared work, instead putting together

tasks performed individually as the teamwork out-

come. As discussed in one group:

‘‘In our group we go by needs. We divided the tasks to
each of us. If there is a need for meeting or discussion,
someone may raise his hand in our WhatsApp group,

Xiangyun Du et al.302

Table 3. Examples of strategy use by levels

Rating Lower-level strategy use (level 1) Medium-level strategy use (level 2) Higher-level strategy use (level 3)

Goal-setting and
planning

No goal
‘‘We did not really talk about
the goal, maybe just to get the
project finished at the end, we
hope.’’ (G1)

‘‘. . .We had some goals at the
beginning, butwe realized that the
situation is so different now. . .’’
(G3)

‘‘. . .We used the course objectives and the
rubrics provided by the instructor to guide
our learning, and we targeted A as the goal
of the project’’ (G7)

‘‘We don’t need plans because
we follow our own speed and
the meetings can be by needs.’’
(G10)

‘‘We live so far away from each
other and everyone is busy so not
always we can all come to the
same meeting, so sometimes the
plan can be delayed. . .’’ (G11)

‘‘. . .We firstly use the milestones suggested
by the instructor to make a plan, then we
made weekly and bi-weekly plan for our
own group.Wemeet twice a week to check
the status. . .’’ (G14)

Task division in
team

‘‘We divide all tasks and then
put them together. Each one
has to do something.’’ (G1)

‘‘Our leader divided the tasks to
each of us and set up a time for us
to submit’’ (G9)

‘‘This is a big project so we need to sit
together a lot to go through the procedures
to ensure we all agree and learn. . ..we also
divide the tasks but mostly working
together and ensure we follow each other’s
results and keep the same pace. . .’’ (G8)

‘‘We divide the tasks among the
six of us, each responsible for
one aspect. So I only
understand the aspect Iworkon
and they only understand the
aspects they work on.’’ (G10)

‘‘Wedivide tasks but not in a strict
way, maybe more spontaneously;
we agree on who does what
depending on the situation, then
we update each other.’’ (G15)

‘‘Our project report is supposed to look
like done by one person, so we sometimes
do the tasks together in front of one
computer, and sometimes divide the tasks
but afterwards we take turn to go through
each one’s task so we learn each task.’’
(G16)

Source of authority ‘‘We follow the instructors’
slides on Blackboard.’’ (G2)

‘‘Sometimes we search for
information ourselves, but it is
most safe to ask the instructor to
know what the correct way is. . .’’
(G4)

‘‘We search information from internet,
from materials provided on the
Blackboard, we ask other professors,
sometimes we ask engineering
companies. . ..and we can always go to our
instructor to discuss; his feedbacks are very
valuable.’’ (G12)

‘‘It is so hard for us to find any
information on the project, it is
better to take a lecture and
receive correct information.’’
(G1)

‘‘It is the first timewedo suchabig
project; we are not sure whether
we do is correct or not, so we need
the instructor to confirm us this is
ok.’’ (G17)

‘‘We gather all the information and discuss
them through to see what the best solution
is to move on, then we sometimes confirm
this from our instructor.’’ (G7)

Monitoring and
controlling learning
process

‘‘We did not agree on the
calculation part, but we had no
time and we had to submit.’’
(G1)

‘‘We think our project under
control . . .there are always
challenges but we will make it.’’
(G11)

‘‘We experienced some challenges due to a
software. . .we have to learn how to use the
new software which delayed our design
plan a coupledays butweworkedharder to
catch it up, like instead of three hours per
day we added to five then we managed.’’
(G13)

‘‘We mainly follow the project
description provided by the
instructor. . .’’ (G15)

‘‘We firstly expected to just pass, but now
we are so motivated and we adjusted our
goals and plans so we can aim for A or B.
This also means lots of efforts but it is
worth because we have learned so much in
the process.’’ (G16)

Reflecting together ‘‘We don’t need to reflect as
long as we easily agree on how
to move on.’’ (G17)

‘‘We talked sometimes if needed,
if there is something that needs to
be fixed we will do it.’’ (G8)

‘‘We try to ensure that our project stays in
good condition towards our goal.’’ (G7)

‘‘We don’t really know . . . our
problem is none of us know the
correct answer . . . just hope we
can pass.’’ (G12)

‘‘We talked among groups
sometimes to see the status of each
other, sometimes we can see oh
that is the point we havemissed or
we may also learn from there. . .’’
(G13)

‘‘We talk a lot about the project together,
what’s the problem, how can we improve
it? What recommendation each of us can
provide?’’ (G16)



then we find out what to do, do we need a meeting or
not. . .’’ (G9)

Nine groups were identified to be in category two,
which had a relatively agreed-upon goal and

selected a leader who had the major task of dividing

tasks for pairs or small groups and coordinating

meetings to communicate and update the progress

of the divided tasks. One illustrative excerpt states:

‘‘We have a group leader. His job is to divide the tasks
and ensure all individuals finish the tasks and collect
them . . . if needed he would call for a meeting and in
case someone is delayed he would remind them . . .’’
(G6)

Three groups were found to be in category 3. Well-

functioning, although without clearly appointed
group leaders, they demonstrated collective delega-

tion and engagement to reach their well-defined

common goals in terms of project outcomes and

achievements. As one group stated:

‘‘We had a clear goal about our project in terms ofwhat
wewanted to learn through the course and our targeted
outcome. We don’t need a leader in this group because
each of us is leading.We are learning from each other’s
part of the project.’’ (G13)

4.2 Group Based SRL Strategy Use

Inspired by the four-phase model of SRL strategy

use by Pintrich [19], we analyzed strategies students

reported during the focus groups in an integrated

deductive and inductive approach. Focus group and
observation data agreed on five categories of group-

based strategy use: (1) goal-setting and planning; (2)

task division in team; (3) source of authority; (4)

monitoring and controlling the learning process;

and (5) reflecting together. To obtain a better under-

standing of students’ learning experiences, we also

distinguished three levels of their strategy use in a

team setting. High-level learning strategies (level 3)
include: (1) clear goal setting and formulating and

following systematic plans; (2) ensuring teamwork

on a common project and that division of work is

based on learning from each other and learning

together; (3) using superior and peer authority,

generating knowledge together through integrating

diverse sources of information; (4) making predic-

tions, then monitoring and justifying the plans and

strategies in a situation of unexpected issues and

emergencies; (5) regularly and frequently reflecting

together, self-evaluating, and discussing how to

improve from the experiences. We also identified
medium-level strategy use (level 2), which is illu-

strated by: (1) setting up goals and plans but not

clarifying or following them; (2) dividing the task

for the sake of finishing the work; (3) using only

superior authority andmainly relying on instructors

as an information source; (4) not swiftly adjusting

project proceedings in a situation of emergency,

resulting in delays; (5) rarely reflecting on and
discussing the team situation. Low-level strategy

(level 1) users reported little use of these techniques.

An overview of the results of rating the 17 groups is

presented in Table 2. Table 3 presents a coding

scheme with examples of focus group excerpts

illustrating the different levels under each of the

identified categories.

4.3 Correlation Among the Aspects

Spearman’s rank order correlation test was con-

ducted with the following results. First, the results

indicate a significant correlation between collabora-

tion and group grades (r = 0.675 from focus group

data, r = 0.675 from observation data). Second,

correlation results between strategy use with colla-

boration and grades are presented in Table 5 with
comparison with both data sources. The results

show that strategy use is significantly correlated

(� = 0.05) with collaboration in four out of the

five categories by both data sources, excepting

category five – reflection (r = 0.355 from focus

group data, r = 0.328 from observation data).

Nevertheless, a correlation is identified between

the total number of the five categories for both
data sources and collaboration (r = 0.608 from

focus group data, r = 0.650 observation data).

Finally, the results also identified a statistically

significant correlation between strategy use and

student performance by group-based grades in

four of the five categories, excepting focus group
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Table 4. Correlation results between strategy use with collaboration and grades

Strategy use Collaboration Grade

Five categories Focus group data Observation data Focus group data Observation data

1 0.531 0.735 0.636 0.763

2 0.739 0.735 0.586 0.763

3 0.622 0.580 0.792 0.906

4 0.727 0.531 0.734 0.739

5 0.355 0.328 0.433 0.640

Total 0.608 0.650 0.689 0.900



data for category five – reflection (r = 0.433).

However, a correlation is identified between the

total number of the five categories for both data

sources and student performance (r = 0.689 from
focus group data, r = 0.900 observation data).

4.4 Triangulation of Two Sources of Data

Results of Spearman’s rank order correlation test

show that there were no significant differences

identified between two sources of data – focus

group and observation – regarding strategy use in

four (1, 2, 4, 5) out of the five categories. A

significant difference was identified only in category

3 – sources of authority with t = 2.954, df = 16, p =

0.009. Nevertheless, no significant difference was
identified between the two sources comparing a

total number of the five categories.

4.5 Students’ Perceptions of Assessment of PBL

During the focus groups, participants were asked

their individual opinions on the alternative assess-

ment methods and what types of assessment they

believed to be appropriate for the PBL course.

Three major opinions were observed from their

responses, including individual grades, a combina-

tion of group and individual grades, and group
grades as the outcome of their team projects. An

overview is illustrated in Table 5.

5. Discussion

This study investigated the nature of conception of

collaboration, group-based strategy use, and per-

ception of assessment in students’ first experiences

of PBL, as well as the interactions among these

aspects and with students’ performance. Empirical

evidence was provided based on group interviews

and observations of 91 civil engineering students’ in

Qatar working in 17 project teams. Results of the
study are discussed in the following.

5.1 Students’ Conceptions of Collaboration

The study provided insight into students’ concep-

tions of collaboration in a context of engineering

education in Qatar. Findings are generally consis-

tent with the patterns identified by previous studies

with empirical work in Western contexts in that

collaboration requires coordination, synchrony of

goal-oriented activities, active participation, nego-

tiation of meanings, coping with disagreement, and
co-construction of knowledge [1, 33]. The study also

supports findings from non-Western contexts in

that the group leader [11] and task-division [34]

play important roles in developing collaboration

in project teams. Three forms of collaboration

identified in this study indicate a hierarchical

order of how well-functioning a project team can

be, which may provide additional perspectives and
evidence to the ongoing inconclusive discussion on

team effectiveness in engineering education [1]. A

previous study [9] reported how engineering stu-

dents improved their recognition and appreciation

of knowledge building byworking in a collaborative

team to complete a project. Nevertheless, the cur-

rent study found a gap between the perception and

practice, as only three out of the 17 groups were
found to have a high level of developing collabora-

tion, while five project teams were found to be at the

low level. Although nine groups selected leaders, the

role of leadership was mainly to divide tasks, a role

more resembling the ‘‘servant leader’’ concept

rather than the updated concept of an engineering

leader, the latter of which includes three dimensions

of technical expertise – mentorship, process optimi-
zation and team catalyzation, and innovation with

realization, as suggested by Rottmann, Sacks, and

Reeve [51, p. 363]. This indicates that more educa-

tional activities are needed to facilitate engineering

students in developing management and collabora-

tive skills in order to improve teameffectiveness [52].

For example, student engagement in teamworkmay

be improved through activities supporting team
formation and teambuilding [53], reflection [54],

gaming [55], and alternative assessments [56, 57].

5.2 Group-Based Strategy Use

SRL strategies identified from the qualitative data

of the study suggested five categories, the majority
of whichwere generally in line with Pintrich’smodel

of strategy development [19]; studentswere found to

be most engaged with goal-setting, planning, mon-

itoring, and controlling. This may be related to the
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Table 5. Students’ perception of assessment method for PBL

Preferred grading method for the team project

Focus group participants Individual grade
A combination of group
and individual grades Group grade

Class 1 30 (93%) 6 (20%) 6 (20%) 18 (60%)

Class 2 23 (96%) 0 10 (43.5%) 13 (56.5%)

Class 3 34 (97%) 4 (11.4%) 18 (51.4%) 12 (35.2%)

Total 87 (95%) 10 (11.4%) 34 (38.6%) 43 (49.4%)



characteristics of PBL demanding students develop

management skills involving such strategies [2, 6, 7,

9]. Using rubrics also serves as a guide for student

learning processes by providing clear goals and a

monitoring guideline [45, 46]. In addition, the study

outcome also extended the model by identifying
more characteristics of a group setting; for example,

task divisionwas found to be awell-used strategy by

engineering students in the current study. This

strategy is also in line with the characteristics of

group work styles preferred by students in aMiddle

Eastern context [34]. Another identified pattern that

did not appear in previous studies [11] was the

source of authority, as although peer authority is
an important value for successful teamwork, stu-

dents in the current study mainly relied on instruc-

tors as the authority of knowledge. This may be due

to their feelings of insecurity given that thiswas their

first PBL encounter [6, 9]. Although reflection has

been identified as a group-based strategy, only three

groups were found in focus group data and four

groups in observation data to use it at a high level,
while the majority of the groups were found to

reflect at a rather low level. This result is in line

with previous studies finding that reflection is a

practice to which engineering students are not

accustomed [54], particularly when they are from

lecture-prevailing learning environments [9], and

that it takes time to develop skills for meaningful

reflection [15].

5.3 Students’ Perceptions of Alternative

Assessment

This study also explored students’ perception of

alternative assessment. While the instructors made

efforts to design alternative assessment methods

and rubrics in alignment with the course objectives
and PBLmethod, students reported a wide range of

opinions regarding whether assessment should be

individual, mixed, or group based. This indicates it

is a challenging task to help students develop a deep

understanding of constructive alignment [42] and

use of assessment as a way to enhance learning,

especially for thosewho are used tomultiple-choice-

based and memorization-focused assessment forms
[41]; this remains a challenge for initial implementa-

tion of PBL [6, 9, 53]. It also suggests that more

educational practice and research are needed to

further explore and validate effective assessment

methods in a PBL environment [58].

5.4 Correlation between Collaboration, Group-

Based Strategy Use, and Team Performance

Previous studies found a correlation between strat-

egy use and performance for individual learners [15,

19], and earlier studies have suggested an associa-

tion between students’ teamwork efficiency and

performance [1, 5, p. 3]. The current study has

extended the literature with evidence suggesting a

correlation between group-based strategies, con-

ceptions of collaboration, and group-based perfor-

mance in a PBL environment. This result has

important implications for future PBL design,
implementation, and research. However, there are

more considerations that can be factored into future

instructional design and PBL implementation,

including the use of collaborative strategy in align-

ment with social constructivism and a collaborative

learning approach to co-construction of knowledge

[11].

This study is explorative, and therefore results of
the study shall be further reviewed. First, although

the study provides insights into the PBL beginners’

experiences concerning collaborative strategy use

with identified patterns in its unique context, the

results of the study remain impermanent because

learnersmay change their strategies andperceptions

when they gain more experience in PBL environ-

ments and when there is a change in learning
context, such as a different course. Therefore,

further longitudinal studies to observe students’

growth and development would be meaningful,

and a broader scope of learning settings (e.g.,

more courses or other types of contexts)may further

validate the results. Second, the current study

mainly examined group strategy and group

grades, whereas future studies may examine the
comparison between group results and individual

strategy and performance in a collaborative learn-

ing setting in order to gain more insights into team-

work assessment. Third, the study heavily relied on

qualitative data from two sources, which are

regarded as highly insightful data generation tools

for exploring student learning [59]. Although quan-

tifying qualitative datawas used as a potentially rich
data source together with qualitative data to con-

stitute amixedmethods research design [16], and the

authors have tried to adopt a severe attitude invol-

ving collaborative analysis, consistency checks, and

triangulation, there may remain potential bias.

Additionally, while the current study has reported

a high agreement between two sources of data and a

high intra-reliability of analysis of strategy use,
suggesting that this evidence is valid, the result of

intra-reliability of collaboration from both sources,

observation data in particular, remains moderate

(0.66). Although final results of both data sources

reported a high level of similarity on collaboration,

and we reached an agreement on the final rating of

each project team after discussion, the results of the

study in this aspect remain provisional. This also
suggests that conceptions of collaboration may be a

difficult topic in which to quantify qualitative data.

Additional study may further validate results of the
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current study through other sources of data such as

students’ self-reported questionnaire surveys and

written reflections. Using other qualitative data

analysis tools such as Nvivo or WebQDA software

may also provide interesting angles from which to

analyze the qualitative data. Furthermore, although
the total number of participants in this study was

91, only 17 groups were counted for data analysis,

which represents a small sample size. While our

analysis did report significant results, future studies

may include analysis of a larger number of partici-

pant groups. Lastly, it may be worthwhile for future

studies to explore other social contexts of regulation

such as scaffolding, cognitive apprenticeship, or
tutoring.

6. Conclusion

This study has investigated the natures of the

conception of collaboration, group-based strategy

use, and the perception of assessment, as well as

interactions among these aspects, by studying group

performance in engineering students’ first experi-

ences of a problem and project-based learning
(PBL)method in aMiddle Eastern context. Empiri-

cal evidence was generated based on observations

and focus groups of 91 engineering students in

Qatar who worked in 17 project teams. Qualitative

analysis results identified three patterns of concep-

tions of collaboration and five categories of group-

based strategies in a hierarchical order. Findings of

the study extended the current understanding of
self-regulated learning by providing evidence from

groups in a PBL and collaborative learning setting

in engineering education. Adding to the current

literature, the study highlighted characteristics of

Middle Eastern students regarding their favoring

division of tasks and relying on their superiors as

major sources of knowledge authority. Quantitative
analysis identified a significant relation among con-

ceptions of collaboration, group-based strategy use,

and team performance. However, results of stu-

dents’ perceptions of assessment remained diverse,

suggesting it may take longer than expected for

students to gain a deep understanding of construc-

tively aligned alternative assessment in PBL. Out-

comes offer several implications for instructional
design in general and PBL implementation in parti-

cular. Having identified the situative and contextual

nature of students’ conceptions and forms of colla-

boration and strategy use in PBL engineering

courses, the study contributes to the current

research by characterizing patterns of strategy use

and collaboration in a collaborative learning set-

ting. The study also sheds light on current knowl-
edge of student learning in a Middle Eastern

context, particularly in engineering education. The

results underscore the important role of self-regu-

lated learning in a collaborative form and learning

setting, and also offer implications for future PBL

implementation and research aiming at improving

student learning strategy and collaborationnot only

in engineering programs, but also in the broader
scope of higher education.
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