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Abstract- A scientifically designed Design based courses namely, 

Electrical Machine Design has remained challenging to the 

learners. Additionally, limited critical thinking, inappropriate 

strategies to identifying the technical attributes of a problem make 

the task difficult. Students face limitations in understanding the 

inter-relationships of design variables and their influence on 

design parameters using theoretical approach of teaching. For 

teachers, imparting such higher order learning attributes are 

difficult using conventional pedagogy. Use of one of the modern 

pedagogies namely “Collaborative Learning Approach” (CLA) 

may be one of the solutions. CLA is well accepted method for 

catering the learners’ diversified cognitive requirements. 

However, for the design-based courses it is seldom practiced and 

requires detailed study and customization.  This paper represents 

the outcomes of a case study.  The learners of electrical engineering 

undergraduate program were taught with the design solutions in 

Design of DC Machine and Transformers in semester 6 and Design 

of AC Machine course in semester 7 using modified CLA model. 

The CLA model was modified by scaffolding the values of design 

parameters, use of spreadsheet as a teaching aid, and unique data 

set for each group. The objective was to demonstrate that using 

CLA as a pedagogical tool, the learners can develop skills to 

modify the design under the real time conditions. The study 

showed excellent cognitive improvement in leaners ensuring the 

success of modified CLA model. The results revealed that CLA 

may customized to cater diversified learners namely premier, 

average and challenged students. The study revealed that with a 

few innovative changes, CLA can effectively provide a better 

learning experience for students for design-based courses. 
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I. INTRODUCTION 

LECTRICAL machines consume 70% of power generated 

globally (A. T. De Almeida, 2011). Conventionally since 

its inception till few years back, DC machines, induction 

machines and synchronous machines are widely adopted in 

industrial and commercial applications (I. Husain, 2021).  

However, due to rapidly growing advancements in technology, 

these machines are being replaced by more efficient machines. 

Applications in electric vehicles and wind turbines require 

induction machine but with altogether of different characteristic 

requirement of speed range, torque requirement and efficiency 

etc. (C. H. T. Lee, 2021). Recently many combinations of  

 
 

E 

Amit Ved 

Department of Electrical Engineering, Marwadi University, Rajkot 360003 Gujarat, India 

amit.ved@marwadieducation.edu.in 

https://ictiee.org/ictiee2025/#17cc4c82193900d49


Journal of Engineering Education Transformations, Volume No 38, January 2025, Special Issue 2, eISSN 2394-1707 

 

168 

 

machines have emerged in a category of hybrid machines (Luiz 

Fernando, 2014). The characteristics of conventional machine 

is also required to modify to meet with the demand of recent 

application. This development drift has amplified the demand 

for skilled electrical engineers to design, and operation and 

maintenance of different classes of machines. Unfortunately, 
the electrical machine design course offered to engineering 

students still focus on traditional design methodology of 

conventional electrical machines. Moreover, this single 

perception teaching methodology is ineffective to produce 

electrical engineers suitable for the rapidly evolving industrial 

demand. This raises the requirement of novel teaching practices 

to be introduced in institute for teaching electrical machine 

design courses.  

The majority of programs in engineering employ traditional 

face-to-face lectures in which the instructor serves as the 

principal source of information and students passively listen 

without any active participation. Adaptation of active learning 
techniques such as problem-based learning (Aryan, 2023; 

Andersen, 2021), collaborative learning (Sathyendra Bhat, 

2020), technology-enhanced learning (Vrushali Waghmare, 

2024; Ying Liu, 2024)), think-pair-share (Mahendra Deore, 

2022; Lukas Mundelsee, 2021), and flipped classrooms (Yan 

Ma, 2023; Samala, 2024) in conventional pedagogy are proven 

to enhance motivation, engagement, and student performance. 

Problem-based learning (PBL) (Andersen, 2021; Samala 2024; 

C.E. Hmelo 2004) collaborative learning (Sathyendra Bhat, 

2020; Samala, 2024) method fosters students problem-solving 

skills and critical thinking as they work on real time industrial 
problems, enabling experience-based education and self-

directed learning etc. In (Wolfgang Riedl, 2024) to bridge the 

gap between theoretical education and industry requirement, a 

PBL project course is introduced employing “Agile” teaching 

mindset in technical institute. Students work on unresolved 

real-time problems, taking appropriate decisions based on 

information provided, and defend the end results which 

replicate a real industrial process.  

Courses such as AC-DC machine design, and transformer 

design demand high level of subject understanding for selecting 

unknown machine design parameters by performing complex 

tedious computations. Habitually this calculation is performed 

on paper using calculators by referring text book. During this 

theoretical approach students lack to recognize the technical 

attribute of the design problem as well as interrelation of design 

variables and influence on design parameters. Moreover, the 

course coordinators grapple with the task of maintaining 

student engagement and interest throughout the teaching 

 
Fig. 1. Benefits of collaborative learning approach.  

 

process. Consequently, majority of students loose interest or 

abandon these courses, deterred by its monotonous process and 

complexity.  

In response to these above challenges, this paper proposes a 

modern pedagogies namely collaborative leaning approach 

(CLA) with the help of specially design spreadsheet. The 

proposed pedagogy was adopted in Batchelor of Technology 

program, Electrical Engineering Department, for teaching 

design of DC machine and transformer (DDMT) in 6th semester 

and design of AC machine (DACM) in 7th semester. The 

spreadsheets are tailored to the unique demands of electric 

machine design subjects based on industrial demand, offering a 

platform where students collaboratively tackle complex design 

problems, perform computations, visualize solutions and 

understand the interrelation of design parameters. The use of 

technology in this manner aims to engage students actively in 

the learning process as well as students are trained skillfully to 

face the real time design work challenges maintaining industrial 

standards. Further, academic performance of the students with 

the proposed modified CLA was analyzed thoroughly and 

presented.  

II. COLLABORATIVE LEARNING APPROACH 

In 1920’s the practice of working in groups emerged giving 

rise to an effective work culture in the organizations (Mehdi Elahi, 

2016). Thereafter, in no time this culture founded its roots into 

non-technical educational institute. In 1999, the European 

Higher Education Area proposed collaborative learning as a 

useful tool for the development of skills and abilities among 

university students (J.P. Muñoz Miguel, 2016). Since then, the 

use of this methodology within the framework of educational 

has become widespread due to the integration of new 

informative technologies (J.P. Muñoz Miguel, 2016; Jesús 

Armando, 2022; Yang, X, 2023). Recently, digital learning 

environments, have played a pivotal role in advancing 

collaborative learning (Seng Chee Tan, 2022). In particular, the 

implementation of computer-supported collaborative learning 

(CSCL) has exerted a substantial influence on group activities 

within educational institutes succeeding COVID-19  
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 (Mohammed Saqr, 2022). Numerous studies highlight CSCL 

effectiveness in technical education (Mariano Velamazán, 

2023). This is achieved through increased student participation 

and cooperation, enabling adaptable versatile teaching learning 

activities, incorporating the skill of higher- level content 

mastery, critical thinking skills, interpersonal skills, problem 

solving, and metacognitive skills within the students that are 

crucial in job recruitment process (Guangming Li , 2024). Fig. 

1 shows the social, academics and psychological benefits of 

collaborative learning.  

In CLA effective planning, scheduled task and team 

activities enhance learner’s efficacy through shared knowledge 

exchange. However, knowledge exchange doesn't always align 

with the expected outcome, as a result, integrating design 

approach as part of the research and testing is absent in most 

engineering programs teaching (Chan, S. C. H, 2019). This 

discrepancy is resulted from adopting ineffective teaching 

methodology, incorporating group learning irrelevant to 

industrial demand, insufficient skills within the group, lack of 

group cohesion and commitment due to the preference for 

individual learning endeavors. There are instances where 

individuals remain unaware of the groupmates abilities and 

skills leading to heightened emotional exposure, a phenomenon 

frequently observed in the context of business education 

(Curs¸eu, P, 2020). Hence, the effectiveness of collaborative 

learning hinges on adopting appropriate and effective teaching 

learning methodology, proper group formation and group task, 

group activities, and group and personal evaluation as per 

industrial demand and individual awareness of their fellow 

group members. 

III. STUDENTS BACKGROUND INFORMATION 

Prior to implementing the proposed CLA, a concise survey 
was administered to students using questionnaires to assess 

their willingness to engage in group work and as well as to 

identify any challenges they encounter while studying electrical 

machines design courses. Fig. 2 displays the survey outcome 

for 3 consecutive academic years. In academic year 1 majority 

of students accepted facing difficulty in understanding 

electrical machine design courses and also show discomfort in 

performing learning activities in group. Moreover, it was also 

observed during electrical machine design laboratory students 

were unable to complete the laboratory experiment in assigned 

time limit when conventional theoretical approach is adopted. 

Hence while writing the laboratory report most of the students 
copy the procedure and calculation without gaining any 

machine design understanding and knowledge. In academic 

year 2 and 3 the proposed CLA was implemented and we found 

that the students were hesitating to work in groups assigned in 

academic year 2 and were interested in forming their own 

group. However, in academic year 3 after discussion and 

deliberation and interaction with seniors the students have 

shown more inclination to work in group as well as they were 

ready to work in the assigned groups.  

 Fig. 3 displays the academic performance of academic 

year 1 students before adopting the proposed CLA. Though 
passing percentage is above 80%, the majority of students fall 

in average category. Based on the survey, the teaching reform 

of the electrical machine design courses is carried out from the 

aspects of teaching objectives, teaching mode, assessment 

procedure, and laboratory activities, which provides a basis for 

the continuous improvement of the curriculum. Based on the 

experience the modified CLA with spreadsheet was 

implemented in academic year 2 and 3, and fallouts are 

discussed in result section. 

 

 
Fig. 3. Student academic performance of academic year 1. 
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Fig. 2. Survey conducted before applying the strategy (a) Survey on 

group working, (b) Survey on group formation. 
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IV. FRAMEWORK FOR PROPOSED MODIFIED COLLABORATIVE 

LEARNING APPROACH 

The proposed modified CLA was implemented initially by 

upgrading the conventional machine design course and 

laboratory as per the required industrial requirement and 

standards. Machine design problem to be solved in laboratory 

session as group task are formulated, inspired from real time 

industrial challenges. The use of specially designed 

spreadsheets and simulation software is adopted as a part of 

information communication technology tool to implement 

blended learning. A dedicated spread sheet is designed for each 

electrical machine design. The proposed modified CLA in 

electrical machine design course is structured in view to achieve 

higher bloom taxonomy level for the subject, to review effect 

of design variable variation on machine performance 

parameters, and improved academic grade. The designed 

spreadsheet is available to students and is made easily 

accessible through mobile and computer.  Fig 4. represent a 

flowchart of the proposed modifies CLA methodology. The 

step-by-step process practiced for learning teaching sessions is 

detailed as following.  

Group formation: During laboratory sessions the class is 

divided into sections of strength 20-25 students. The students 

are further divided into groups each having 4 students. The 

group is formed by arranging students in descending order of 

their previous semester academic result. Top 25% students were 

assigned a role of leader for each group, next 75% were 

allocated to each group till all groups has around 4 students. 
Students were not allowed to change groups in ideal condition, 

if they needed to change their allocated group due to internal 

conflicts then group members were exchanged for the same 

academic category, i.e., member 3 of average category in 1st 

group is allowed to interchange only with member 3 of average 

category of another group. This was to ensure the that each 

group must have student from every academic level. For the 

reference a survey was conducted to know the student’s 

satisfaction on the adopted strategy for group formation at the 

end of academic year 1 which is shown in Fig. 5. 

 

Design value is crosscheck with limiting 

value, calculation and desired range and 

design parameter is update.

First group completing the task is awarded with 

maximum marks.

Subsequently all the groups are awarded as per the task 

completion time. 

Students are also evaluated individually during there 

laboratory session. 

Absentees in a group is awarded with Zero marks

A set of Design problems 

are formulated for DC-AC 

Machine

A MS Excel spread sheet is 

designed by pre feeding 

standard procedure for 

conventional design.

Students are grouped as per the following:

Each group must have

1 student from premier category

2 students from Average category

1 student from challenge category 

During every laboratory session each group is 

assigned with a specific Design problem

Student 1:Rrefer book to understand value 

selected using graph, table, formula and 

guidelines.
Student 2: Verify the selected design value calculation using 

calculator. 

Student 3: Feed the obtained design value in excel sheet. 

Student 4: Check for formulas required for 

next parameter

Initial Task 

Group formation

Group evaluation
Group Task 

Desired performance 

not achieved 

Desired performance 

achieved 

 
Fig. 4. Flowchart for the proposed modified CLA for electrical machine design courses. 

TABLE I 

ELECTRICAL MACHINE DESIGN PROBLEMS. 

 
 

  

 
Fig. 5. Survey on group formation after end of academic year 1 
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Lab activities: Each group during laboratory session was 

assigned with a different electrical machine design problem/ 

experiment and students are allowed to used laptops and 

desktop according to the needs. Detailed theory and problem-
solving methodology were provided beforehand to the students 

as an individual/ group in classroom. Students are informed to 

come with a minimum 1 textbook and a calculator to perform 

laboratory session. The design problem assigned has sub-parts 

and Table 1 show the transformer, synchronous and induction 

machine design problems allotted to students in a group. In each 

laboratory session formed groups had to solve the minimum 

sub-part of design problem with desired performance 

parameters. During the laboratory session it is identified that 

one studemt in the group noramlly enters the value in the 

computer. one student reffer book to understant values to be 
selected from the range using graph, table or machine 

parameters guidelines. One student verify calcultion using 

calulater and the last one check for the next formula and 

parameter value. Students work in grop exchanging 

knoweledge and discussing about the machine parameter 

section to achieve desired machine performnce.  

Lab assessment and grading: Grading assessment is performed 

based on group tasks and individual performance. The groups 

completing given task of machine design problem at the earliest 

without error is assigned the highest marks, and the group 

completing task at the last is assisted with minimum marks. The 

teacher assessment and peer review were used for individual 
performance for individual grading. In case one or more 

members is absent in the group during theory/ laboratory 

session the group is incapable in achieving the target and 

ultimately not achieving higher ranking. The student who 

remained absent is awarded with zero marks for the 

corresponding laboratory session. The obtained marks by the 

group are entered in canvas LMS and is made visible to the 

students for motivation. This strategy has led in improve 

attendance and belongingness in the students. 

The grading was done on internal assessment for 50 marks 

and external assessment for 50 marks. Internal assessment 

further divided into 30 marks consisting of class test for 10 

marks, quiz for 10 marks, and theory exam for 10 marks, and 

remaining 20 marks were allotted based on continuous 

evaluation which is average marks of each laboratory session. 

External assessment is done based on laboratory report and the 

student involvement in group for 25 marks, Practical 

examination for 15 marks and group presentation for 10 marks 
marking total of 50 marks. 

Expected outcome: The outcome-based education is 

concentrating on achieving higher level of bloom’s taxonomy. 

Student are expected to reach up to the level of analyses and 

preferably to evaluate level from apply level.  Following goals 

were set for the proposed modified CLA, 

1. To achieve higher bloom's taxonomy level and to 

achieve course outcomes in the laboratory. It is desired 

in courses that students must work on a unique and 

separate design problem, achieve desired performance 

goals within stipulated time. In one semester students 

have to complete minimum 2 designs problem and 

submit 2 sheets. However, in a conventional system, 1 

design problem is assigned during laboratory session 

making it a common problem to everyone.  Very few 

interested students would solve the design problem and 

remaining students copy it to complete the task within 

timeframe. 

2. To increase the student’s interest towards the iterative 

designing process for machines design.  

3. To improve individual grades and the overall university 

result in the design courses (i.e., Design of DC Machines 

& Transformer in 6th semester and Design of AC 

Machines in 7th semester). 

4. To comprehend the constraints in machine design and 

the impact of these constraints on the desired machine 

efficiency, aiming to achieve the specified performance 

parameters. 

5. To avoid rework by the students or even if it is required, 

it is to be done with minimum efforts. 

6. To evaluate the effect of variation in parameter selection 

for design courses with stringent goal of performance 

parameter which is a case in industry. 

7. To map program outcome of ethics, Modern tools, 

Teamwork and communication with a technical subject. 

 

TABLE II 

 IMPROVED PROPOSED CLA FOR TEACHING ELECTRICAL DESIGN COURSE.  

Conventional practice followed in 

electrical design courses 

(Main concentration is on design.) 

Practice followed in Industry 

(Main concentration is on performance) 

 

Proposed Improvement CLA for teaching 

electrical design course 

(Students are able to learn design process as well as 

achievement of performance) 

 Single design problem solved through 

tedious hand calculation to achieve 

desired design performance parameters.  

 From above parameters design sheet is 

prepared to show front view elevation 

and side view.  

 An excel sheet is prepared using input 

and calculated design Parameters. 

 Effect of variation in temperature 

mechanical forces etc. are not 

performed. 

 Results are not analysed. 

 Every design is treated as new design 

problem 

 Dedicated software is available where 

input parameters are adjusted and by 

trial-and-error performance 

parameters are achieved  

 3D drawing is drawn using above 

obtained parameters.  

 FEA analysis is performed  

 Results are analysed through number 

of graphs  

 A spread sheet is used with pre-feeded 

conventional parameters. 

 Designed parameters are verified through 

calculations.  

 Input parameters are changed in excel sheet to 

achieve new design parameter. 

 Motor CAD is used to perform FEA through 3D 

Model 

 Results are analysed through number of graphs 

 Students are able to learn design process as well 

as achievement of performance 
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Table 2 represent the proposed improved CLA approach 

and the difference form the conventional teaching learning 

practice. The electrical machine design parameters obtained 

from tedious calculation is calculated from specifically 

designed spread sheet in the proposed approach. Hence the 

student aims on obtaining the desired machine performance 

rather than only calculating machine design values. 

Moreover, the results are analysed using Motor-CAD 

software using number of graphs.   

V. DESIGNED EXCEL SPREADSHEET  

For the adopted CLA an excel sheet is designed for the course 

like AC machine design, Design of DC machine and 

transformer in view to help students understand the core 

concept of designing in par with industrial standards. In 
addition, students must also have the knowledge of the design 

parameter change and its effects on overall machine designed 

and efficiency.  Designed spreadsheet present all the required 

design paraments such as stator design, conductor size, rotor 

design, slot width, airgap design, stator slot, stator teeth, stator 

core, rotor slot, rotor core, rotor teeth, loss components, 

efficiency, temperature rise and all related performance 

parameters. Based on the respective formulas the students are 

able to identify the most dominating design parameter during 

machine design. 

In the adopted CLA, the students in a formed groups solve 

the allotted design problem effectively. Each group is allotted a 
different question in during each laboratory session. Table 3, 

Table 4, and Table 5 give the information on the designed excel 

sheet for engineering design course on induction machine 

design, synchronous machine design and transformer design 

respectively. 

VI. RESULTS AND DISCUSSION ON IMPLEMENTED 

COLLABORATIVE LEARNING APPROACH  

The proposed CLA was implemented in Bachelor of 

Technology program for students of pre-final year in DDMT 

(Design of DC machine and transformer) and final year in  

TABLE III 

DESIGNED SPREADSHEET FOR INDUCTION MACHINE DESIGN.  

 
 

  TABLE IV 

DESIGNED SPREADSHEET FOR SYNCHRONOUS MACHINE DESIGN. 

 
 

  

TABLE V 

DESIGNED SPREADSHEET OF TRANSFORMER DESIGN.  
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DACM (design of AC Machine). The collaborative learning 

deals with forming groups by using various methods and then 

they are expected to do the tasks, normally the task would be 

common. In Modified CLA the groups are formed randomly but 

keeping the group strength equal, the competition is offered to 

work on different datasets and the evaluation is carried out on 

group based as well as individual based. This brings many 

advantages. The student attendance was improved year on year, 

as there was commitment and force from peers.  To achieve fast 

and better results the group started sharing work. one student 

was doing a data entry in a spreadsheet, the other one student 

was supporting with a calculator, next student used to take care 

of the sequence and last one student was taking a call to select 

the value of a given parameter, these roles were interchangeable 

as per group’s convenience. This allowed for discussion, 

learning among groups members exchanging knowledge. The 

group had combination of Premier, average and challenged 

students. Very few time the same student group got highest 

marks. At the end of the semester a feedback survey was 

conducted to analysis the students mindset during collaborative 

learning and the survey results are shown in Fig. 6. More 

students were interested in group working with respect to 

survey conducted before activities. Also, students were more 

prepared to work with people they were not comfortable before, 

which will help them to work in team in professional 

environment.  Improvement in the passing percentage of 

students in DDMT and DACM course in university 

examinations after implementation of posed CLA during three 

consecutive years is shown in Fig. 7. It is visible that the pass 

percentage is improved in both subjects over the year. Fig. 8 

shows the overall academic performance of the students in the 

academic year 3 after implementation of proposed CLA. Which 

clearly depicts that with respect to Fig. 3 which talks about 

obtained grade with normal teaching-learning method, there is  

shift in grades towards higher grades. In Fig. 9 there are more  

students who received 90+, 80-90 and 70-80 and there are less 

students in 50-60, 40-50 and <40%. The CLA had been 

instrumental to improve the results of all premier, average and 

challenged.  

VII. CONCLUSION 

The proposed modified CLA with the help of designed 

spreadsheets, showed excellent cognitive improvement in 

students with improvement in academic performance. Students 

were now able to complete electrical machine design problems 

given as group task required well before the planned date and 

with desired level of performance parameters. Further, the 

strategy allowed to achieve higher level of bloom’s taxonomy. 

The university result of DDMT was raised from 94.2% (without 

collaborative learning) to 96.8% and 100 % in consecutive 
years with the implemented strategy. The same way for DACM 

subject respective figures was 92.9%, 96.7%, and 98.3%. 

Hence, the study revealed that with a few innovative changes, 

CLA can effectively provide a better learning experience for 

students for design-based courses. 

 

REFERENCES 

 

A. T. De Almeida, F. J. T. E. T. E. Ferreira and J. A. C. Fong 

(2011). Standards for Efficiency of Electric Motors. 

IEEE Industry Applications Magazine, vol. 17, no. 1, 

pp. 12-19. 

I. Husain et al. (2021). Electric Drive Technology Trends, 

Challenges, and Opportunities for Future Electric 

Vehicles. Proceedings of the IEEE. vol. 109, no. 6, 

pp. 1039-1059. 
C. H. T. Lee, W. Hua, T. Long, C. Jiang and L. V. Iyer, 

(2021). A Critical Review of Emerging Technologies 

for Electric and Hybrid Vehicles. IEEE Open Journal 

of Vehicular Technology. vol. 2, pp. 471-485. 

Luiz Fernando Pinto de Oliveira, Flávio José de Oliveira 

Morais, Leandro Tiago Manera (2014). Development 

of a hybrid energy harvesting system based on 

thermoelectric and electromagnetic generators for use 

in industrial electric motors. Sustainable Energy 

Technologies and Assessments. Volume 66, pp: 

103802. 

 
Fig. 8. Students academic performance after implementing modified 

CLA. 

 

0%

5%

10%

15%

20%

25%

30%

35%

40%

90+ 80-90 70-80 60-70 50-60 40-50 <40

S
tu

d
en

ts

Obtained grades 

  

  

(a) (b) 

Fig. 6. Survey on students after implementing improved collaborative 

learning approach, (a) Survey on group working, (b) Survey on formation of 

group. 

 

  

(a) (b) 

Fig. 7. Academic performance after adopting CLA (a) Academic 

performance in DACM (b) Academic performance in DDMT. 

 



Journal of Engineering Education Transformations, Volume No 38, January 2025, Special Issue 2, eISSN 2394-1707 

 

174 

 

Aryan, Prakash Hegade and Ashok Shettar,(2023). 

Effectiveness of Computational Thinking in Problem 

Based Learning. in Journal of Engineering Education 

Transformations. Volume: 36, Issue: Special 2, 

Pages: 179-185. 

Ann-Louise Andersen, Carin Rösiö, (2021). Continuing 
Engineering Education (CEE) in Changeable and 

Reconfigurable Manufacturing using Problem-Based 

Learning (PBL). Procedia CIRP. Volume 104, Pages 

1035-1040. 

Sathyendra Bhat, Ragesh Raju, Shreeranga Bhat, Rio D'Souza 

, (2020). Enhancing the Teaching-Learning Process 

through Collaborative Learning. Journal of 

Engineering Education Transformations. Volume: 

33, Pages: 185-191. 

Vrushali Waghmare, Senha Patil, Rashmi Mahajan, Mahesh 

Goudar (2014). The significance of Technology-

Enhanced Learning towards Enhancing Engineering 
Education. Journal of Engineering Education 

Transformations. Volume: 37, Issue: Special Issue 

2, Pages: 713-718. 

Ying Liu, Allen Thurston, Xincai Ye (2014). Technology-

enhanced cooperative language learning: A 

systematic review.  International Journal of 

Educational Research. Volume 124, pp: 102314. 

Mahendra Deore, Sandhya Arora (2022). Effective Think-

Pair-Share Pedagogical Strategy to Improve 

Inferential Statistics Concept Understanding.  

International Journal of Educational Research. 
Volume: 36, Issue: Special Issue 1, Pages: 25-32.  

Lukas Mundelsee, Susanne Jurkowski (2021). Think and pair 

before share: Effects of collaboration on students' in-

class participation. Learning and Individual 

Differences. Volume 88, pp: 102015.  

Yan Ma (2013). Exploration of flipped classroom approach to 

enhance critical thinking skills. Heliyon. Volume 9, 

pp: e20895, Issue 11.  

Samala Nishanth Reddy, Madhu Pathlavath, Sakethreddy 

Narsareddygari, Santosh Madeva Naik (2014). 

Investigating The Transformative Effects of Active 

Learning Methodologies in The Field of Engineering 
Education to Improve Learning Outcomes in 

Students by Unleashing Their Potential. Journal of 

Engineering Education Transformations. Volume: 

37, Issue: Special Issue 2, Pages: 562-567.  

C.E. Hmelo-Silver (2004). Problem-Based Learning: what and 

how do students learn?. Educ. Psychol. Rev.. Vo. 16 

(3), pp. 235-266. 

Wolfgang Riedl, Andrew Brown, Julia Rausenberger (2014). 

An “Agile” project planning course: Learning by 

doing. process engineering education, Education for 

Chemical Engineers. Volume 48, Pages 15-21, ISSN 
1749-7728. 

Mehdi Elahi, Francesco Ricci, Neil Rubens (2016). A survey 

of active learning in collaborative filtering 

recommender systems. Computer Science Review. 

Volume 20, Pages 29-50. 

J.P. Muñoz Miguel, C. Simón de Blas, F. Anguita Rodríguez, 

A.E. García Sipols (2023). Collaborative learning in 

management subjects to university students: A multi-

level research to identify group profile, engagement 

and academic performance. The International 

Journal of Management Education. Vol 21, Issue 1. 

Jesús Armando Delgado Meza, Martha Lenis Castro Castro, 

Ricardo Vicente Jaime Vivas (2022). The diagram as 

a mediator in collaborative learning: A conceptual 
review. Learning, Culture and Social Interaction. 

Volume 35. 

Yang, X. (2023). A Historical Review of Collaborative 

Learning and Cooperative Learning. TechTrends. vol 

67, pp 718–728. 

Seng Chee Tan, Alwyn Vwen Yen Lee, Min Lee, (2022). A 

systematic review of artificial intelligence techniques 

for collaborative learning over the past two decades.  

Computers and Education: Artificial Intelligence.  

Volume 3. 

Mohammed Saqr, Ramy Elmoazen, Matti Tedre, Sonsoles 

López-Pernas, Laura Hirsto (2022). How well 
centrality measures capture student achievement in 

computer-supported collaborative learning? – A 

systematic review and meta-analysis. Educational 

Research Review. Volume 35. 

Mariano Velamazán, Patricia Santos, Davinia Hernández-Leo, 

Lluís Vicent (2023). User anonymity versus 

identification in computer-supported collaborative 

learning: Comparing learners' preferences and 

behaviors. Computers & Education. Volume 203. 

Guangming Li, Yegui Zhang, Qilong Zhang, Chang Ji, Aijing 

Li, Junjie Feng (2024). Teaching Reform and 
Continuous Improvement of the Course “Electrical 

Machinery” under the Background of New 

Engineering. EAI-Proceedings of the 3rd 

International Conference on Educational Innovation 

and Multimedia Technology. 

Chan, S. C. H., Wan, C. L. J., & Ko, S. (2019). Interactivity, 

active collaborative learning, and learning 

performance: The moderating role of perceived fun 

by using personal response systems. International 

Journal of Management in Education. 17(1), 94–102 

Curs¸eu, P., Rusub, A., Maricut¸oiu, L. P., Vîrg˘ a, D., & 

Magurean, ˘ S. (2020). Identified and engaged: A 
multi-level dynamic model of identification with the 

group and performance in collaborative learning.  

Learning and Individual Differences. Volume 78, pp: 

101838. 


