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Abstract— This work-in-progress research paper aims to 

integrate cooperative learning principles into the engineering 

design process. The context of the study is an interdisciplinary, 

design-experiences course at first-year undergraduate 

engineering in India. Under the Indian schooling systems, the 

incoming first-year engineering students do not have any prior 

practice in intensive and protracted problem-solving and team-

based experiences. Thus, when these students encounter their 

first design-experiences course, we cannot assume that the 

students will be able to self-organize their learning, apply new 

knowledge to the problem-solving contexts and effectively 

function in teams while meeting the outcomes of design 

problem-solving.  

The proposed study investigates the research question: How 

does integrating cooperative learning principles during 

engineering design phases impact the problem solver's 

knowledge of teamwork and taskwork, team effectiveness and 

team performance? The objective of the proposed work is to 

integrate Cooperative learning principles during the initial 

tasks of problem-definition and information gathering and 

investigate its impact on students in terms of their teamwork 

knowledge, taskwork knowledge, team effectiveness and team 

performance. The study follows a quasi-experimental research 

design with an embedded qualitative strand. The core design of 

Convergent parallel design is embedded in experimental 

research design. The detailed methodology is described in this 

work. 

Keywords— Engineering design, cooperative learning, Mixed-

Methods  

I. INTRODUCTION  

Engineers solve different types of workplace problems 
like design problems, system-analysis problems, 
troubleshooting problems, and decision-making problems [1]. 
Therefore, engineering education strives to develop aligned 
competencies from as early as the first year of undergraduate 
engineering, commonly through team-based design problems  
[2]–[4]. First-year engineering students face teamwork related 
challenges while undergoing team-based design problems, as 
highlighted in [5][6]. 

One of the most popular pedagogies that architects team 
interactions among students is cooperative learning. 
Engineering Educators' interest in Cooperative Learning is 
evident since 1981 when Dr Karl Smith introduced it to 
Engineering Education [7]. Since then, thousands of articles 
have been published that document the need, scope, 
objectives, process, and results of applying this student-

centred pedagogy. In these studies, cooperative learning is 
mainly applied for content mastery which [8] refers to as 
"knowing that" and differentiates it from "knowing how", i.e., 
problem-solving.  

This study aims to develop problem-solving competency 
by integrating cooperative learning principles into the 
engineering design process and contextualizing it in an 
interdisciplinary design course in the first year of 
undergraduate engineering at a private university in India. 
While the research, on the whole, targets the entire design 
process, this study only showcases how this integration was 
achieved during the first two tasks of information gathering 
and problem formulation. The following section summarizes 
the key themes: cooperative learning, engineering design 
process and frameworks to study team interactions. 

II. LITERATURE REVIEW 

A. Cooperative learning 

Cooperative learning is the use of small groups so that 
students work together to maximize their own and each other's 
learning [9]. As summarized in [10], Cooperative learning has 
five fundamental principles; positive interdependence, face-
to-face promotive interaction, individual and group 
accountability, teamwork skills and group processing. These 
are operationalized through structures like Jigsaw, Student-
Teams Achievement-Divisions, Think-Pair-Share, Group-

Investigation, and Three-step interview [11]. These structures 

are described in-depth in the books titled "Learning to 
Cooperate, Cooperating to Learn" [12] and Student-Centered 
Cooperative Learning [13].  

Several studies describe the application of cooperative 
learning for knowledge acquisition in engineering courses 
like math [14][15], chemistry [16], electrical and electronics 
[17], and mechanical engineering [18]. However, only a few 
studies have applied cooperative learning for developing 
problem-solving competencies. The most scalable model is 
the Cooperative Problem-Based Learning model, which is 
applied in several engineering disciplines[19].  

B. Engineering design process 

The engineering design process consists of the following 
phases: identification of need, problem definition, gathering 
information, generating ideas, feasibility analysis, evaluation, 
decision, communication, and implementation [20]. Each 
phase in the engineering design process has specific learning 
goals and is taught using relevant strategies, consolidated by 



Crismond & Adams in the Informed Design, Teaching and 
Learning Matrix [21]. 

C. The novelty of the proposed work 

Worldwide, design courses are being offered at first-year 
engineering for more than a decade. Despite this, studies have 
reported that first-year engineering students face team-related 
issues as they lack experience in both engineering (design) 
and cooperative components [22], faculty members are not 
trained to teach teamwork skills [23], and teamwork skills are 
not developed by merely assigning students to teams [24]. 
The students are often overwhelmed by the transactional 
overhead of task division, task distribution, and consolidation 
of results. Thus, to guide students and faculty members to 
navigate the process of engineering design and teamwork, the 
interventions have been designed using the principles of 
cooperative learning principles to attain the learning 
outcomes of engineering design problem-solving as outlined 
in [21].  

III. RESEARCH QUESTION 

The proposed study investigates the research question: 
How does integrating cooperative learning principles applied 
during the engineering design phases impact the students' 
knowledge of teamwork and taskwork, team effectiveness, 
and team performance?  

The objective of the proposed work is to integrate 
Cooperative learning principles during the two initial tasks of 
the engineering design process - problem-definition and 
information gathering. The authors hypothesize that students 
who undergo a cooperative problem-solving experience have 
better teamwork knowledge and task knowledge (engineering 
design), and their teams are more effective and perform better.  

IV. METHODOLOGY 

The proposed study follows a mixed-methods experimental 
(quasi) approach and is developed using the step-by-step 
guidelines detailed in [25]. First, it investigates the outcomes 
of the quantitative study and the participants' qualitative 
experiences while they underwent the interventions. 

A. Research context 

This study is conducted at a first-year interdisciplinary 
engineering design course - "Engineering Exploration" [26], 
which is taught for 16 weeks at a private engineering 

university in India. The teams are given a set of design 
problems to choose from and follow the engineering design 
process to design a mechatronic prototype.  

B. Sampling 

Sixty-four students belonging to 16 teams were invited to 
participate in the study, with 42 male and 18 female students. 
A team of 4 students were formed based on gender and 
academic performance in the previous exam. Thus nine teams 
were comprised of two male and two female students; the rest 
were all-male teams. Based on the scores in previous exams, 
the sample was divided into four performance groups based 
on the percentage of marks(aggregate) scored in Physics-
Chemistry-Maths. One member of each performance group 
was assigned to a team. Thus sixteen such teams participated 
in the experimental and control groups, with eight teams in 
each group.   

Randomization was not possible since students were 
invited from preassigned divisions. While the entire sample of 
students participated in the quantitative study, 25% of students 
were invited for a qualitative study based on maximal 
variation sampling [25][27], which is a purposeful sampling 
strategy in which the researcher samples cases (teams) based 
on specific differentiating traits. The teams were sampled 
based on gender representation and educational 
background(urban/rural). 

C. Conceptual framework 

The conceptual framework for the proposed research is 
based on the input-mediator-output (IMO) framework and is 
as shown in fig. 1. The IMO framework is appropriate as it 
focuses not just on the team interaction processes that are 
primarily behavioural but also on the mediators, i.e. emergent 
states of teamwork knowledge and taskwork knowledge [28]. 
Thus, the framework consists of three elements: inputs, 
mediators and outputs. The inputs are further categorized as 
task-level inputs, individual-level inputs and team-level 
inputs.  

The second element is the mediators, which are the 
emergent states of the mental models developed as a result of 
solving design problems cooperatively, i.e. teamwork 
knowledge and taskwork knowledge. Taskwork knowledge 
refers to the knowledge about tools and equipment and an 
understanding of work procedures, strategies, and 

Figure 1  Conceptual framework for the proposed study 



contingency plans related to engineering design. Teamwork 
knowledge refers to an awareness of member responsibilities, 
role interdependencies, and communication patterns and 
understanding of teammates' preferences, skills, and habits 
[33]. Finally, the third element is the outputs, i.e. team 
effectiveness. The underlying theory for team effectiveness 
was proposed by Hackman [26] [27], and its variables are also 
shown in fig. 1.  

D. Intervention 01: Gathering pertinent information 

The first intervention focuses on the task of information 
gathering. Early designers skip doing initial research about 
the problem and instead develop solutions immediately [21]. 
Thus, this intervention aims to help students systematically 
research and pool their knowledge about the existing 
products, mechanisms, and systems related to their chosen 
design problem. 

To begin with, every student finds at least three existing 
products and creates a results table which consists of 
functions and features of the product, its clients, mechanism 
and principle of working, and electronic and mechanical 
components used. This individual information gathering is 
followed by team presentations in which each student 
explains his/her results table to the team members.  

The diversity of the products is represented by a similarity 
index based on which individual and team marks are allotted 
to the student groups. 

E. Intervention 02: Formulating a design problem 

Beginning designers treat a design problem as a well-
defined problem and hastily proceed to solve it. The purpose 
of the intervention is to delay the decision-making process 
until the team can collectively explore and comprehend the 
users' requirements [21]. In addition, the intervention aims to 
inject multiple interpretations of the problem by allowing the 
students to investigate what different individuals and interest 
groups require in the solution [1].  

To begin with, the teams brainstorm to identify the 
users/interest groups/parties who need the solution and 
categorizes them as primary, secondary and tertiary users[31]. 
The individuals then bring in requirements for all three groups 
of users and list the objectives, functions, and constraints 
(OFC) for each user group. Finally, the team reviews the 
objectives, functions, and constraints, identifies the unique, 
common and contradictory OFCs and resolve conflicts to 
develop the final problem definition. 

A perspective index represents the inclusiveness of the 
users based on which individual and team marks are allotted.  

F. Reflection of cooperative learning principles in the 

interventions 

Cooperative learning is defined by five principles as 
summarised by Davidson & Major in [10]:- positive 
interdependence, face-to-face promotive interaction, 
individual and group accountability, development of 
teamwork skills, and group processing.  
The foremost principles of cooperative learning are positive 
interdependence which sets the stage for the other principles. 
Positive interdependence can be structured through group 
product-goal interdependence, learning goal 
interdependence, role interdependence, reward 
interdependence, resource interdependence and task 

interdependence [9]. It is the instructor's responsibility to 
design learning experiences with such interdependencies. 

In both the interventions, group product-goal 
interdependence, task interdependence and reward 
interdependence have been introduced. In the interventions, 
group product-goal interdependence comes from similarity 
index and perspectives-index; task interdependence arises 
from the division of the task and resource-sharing, as the 
overall task is broken down into subtasks and assigned to 
individual members. Reward interdependence comes from 
individual and team scores allotted based on the attainment 
of group product-goal. 

Since the interventions are implemented in the in-person 
classroom sessions, they set the stage for dialogue between 
the team members, which leads to face-to-face promotive 
interaction. Furthermore, individual and team accountability 
comes from the task interdependence shown as "team task" 
and "individual task" in the interventions. Finally, office 
hours were set aside to discuss the current work status, plan 
to accomplish the next task and any team and teamwork 
related issues. In this way, all the five principles of 
cooperative learning were introduced.  

G. Variables of study and instruments for collecting data 

The proposed study evaluates the effectiveness of the 
interventions using a mixed-methods approach. The 
qualitative strand comprises semi-structured interviews, and 
the quantitative strand comprises a team diagnostic survey 
[32] and paired comparison tests [33].  

Data for teamwork knowledge and taskwork knowledge 
was collected using paired comparison tests. This data 
collection method presents the participants with a list of 
stimuli/concepts and asks them to rate the relationship among 
the concepts using a 7-point Likert scale [34]. A list of stimuli 
for teamwork and taskwork knowledge for the context of 
design studies are listed in [34][35]. Paired comparison tests 
are subjective to the study context, and the stimuli/concepts 
need to be identified systematically.  

The stimuli were identified from previous literature. 
Instructors who have taught engineering exploration were 
asked to rank the stimuli based on their applicability to first-
year design experience. The paired comparison tests were 
developed using the top 7 stimuli, which led to 21 
combinations of relationships. 

Satisfaction with team and teamwork is measured using 
an existing questionnaire called Team Diagnostic survey 
[32]. It is used to self-report team performance measures and 
participants' satisfaction with teamwork and other members. 
Again, faculty identified the relevant items for the context of 
engineering exploration, using which the shorter version of 
the survey containing 50 questions was developed. 

H. Procedural diagram for the proposed study 

Procedural diagrams have been used to convey the 
complexity of mixed methods design. They incorporate details 
about specific procedures and their order [25]. The procedural 
diagram for the proposed study is shown in fig. 2. The flow of 
control is vertically downwards.  

The procedural diagram begins with a demographic survey 
which will be used to form teams. The mid-part of the diagram 
shows the four interventions on the left side and the qualitative 
data collection on the right side. The letters A, B, C and D, 



refers to the interventions of problem definition, information 
gathering, concept generation and virtual prototyping, 
respectively. This side-by-side representation indicates that 
data will be collected at the end of phases B and D. While the 
procedural diagram lists interventions C and D, only 
interventions A and B are discussed in this study.  

The bottom of the diagram shows the quantitative data 
collection using two questionnaires as indicated in sub-section 
G. The final block at the bottom right shows how the 
quantitative and qualitative data will be mixed. 

I. Arguments for using qualitative data  

In the proposed study, qualitative data is collected for four 
reasons. Firstly, the focus of the study is not only on the 
outcomes but also the processes that the participants 
experienced while attaining the design outcomes. Secondly, 
although the interventions may be effective, qualitative data 
helps us understand how the participants experienced the 
intervention. Thirdly, qualitative data will also be used as a 
manipulation check [27] to identify whether the participants 
truly experienced the interventions. Finally, it will be used to 
help explain the results of the quantitative results.  

V. WORK COMPLETED SO FAR 

This study was initiated in January 2021 and is currently at 
the end of the experimental phase. At the time of writing this 
manuscript, both quantitative and qualitative data has been 
collected from the students. The data analysis is in progress.  

VI. THE IMPLICATION OF THE STUDY 

Interest in cooperative learning is not new. It is one of the 
widely used pedagogies for knowledge acquisition. The point 
of departure in this work is to integrate the principles of 
cooperative learning into the engineering design phases to 
structure student's participation in team-based problem-
solving for engineering design problems. The authors reason 
the need for this integration.  

Design thinking is a cognitively overwhelming 
experience for novice designers, mainly when it focuses on 
both processes and artefacts. Moreover, the fact that design 
problems are solved in teams compounds the challenges.  

Hence, the authors wonder whether it is adequate to group 
students together, assign them a design problem[36], 
communicate expectations of each phase and let them figure 
out how to distribute the task in a team, pool their knowledge 
and skills across the design phases. Teamwork skills, 
leadership development, communication, conflict 
management and resolution are not always simple to self-
discover, so they must be taught and practised [5]. 

Hence, the authors propose a model that integrates the 
principles of cooperative learning into the engineering design 
process that architects every member's participation in the 
design team. Therefore, it is vital to ensure the students are 
not only studying teamwork but were also experiencing 
engineering teamwork[6]. This study can also be used to 

Figure 2  Procedural Diagram for the proposed study 



develop faculty members' proficiency in teaching teamwork 
skills to students 
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