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PROBLEM-BASED LEARNING (PBL): IMPACT ON COLLABORATIVE LEARNING AMONG ENGINEERING STUDENTS
Patrick Ng Chin Leong, Jeffrey Mok Chi Hoe

INTRODUCTION 

In recent years, teaching thinking skills has become a major agenda for education. In the opening of the 7th International Conference on Thinking, the Prime Minister, Mr Goh Chok Tong spelt out a new era of learning in Singapore. In his speech entitled “ Shaping our future, Thinking Schools, Learning Nation,” the Prime Minister stressed that “schools must develop future generations of thinking and committed citizens, capable of making good decisions to keep Singapore vibrant and successful in future.”  The push for more thinking skills to be taught in the education sector has commenced many innovations in teaching and learning in higher learning institutes in Singapore.

Touted as 
`the most significant innovation in education for the professions for many years’
(Boud & Feletti, 2001), PBL was introduced as an innovative educational method in Singapore, beginning in the polytechnics and universities in 1998. Given this new development in the educational system in Singapore, Tan (2000: 49) argued for a curriculum shift from content-based to problem-based learning. By having real life problems as focal points and students as active problem-solvers, the learning paradigm would shift towards the attainment of higher thinking skills. 

WHAT IS PBL?

PBL is diametrically different from the conventional didactic and teacher-centred approach to teaching.  The approach is primarily student-centred (Wilkerson, 1996) and the student assumes the major responsibility to his or her learning. Rather than the tutor dispensing the syllabic content, students decide and discover for themselves what they will learn.  Problems are first given as the starting point of their inquiry and students are required to solve the problem by providing relevant knowledge and skills. The students work in groups to allow for collaborative learning in order to harness the collective synergy of teamwork.  This is central to PBL as it mirrors real world situations where employees work in project teams to collaborate within and without.

Unlike the objectivist approach where students are instructed to attempt tasks and exercises in order to understand and apply the knowledge, PBL begins with the knowledge acquisition with a problem presented to the student who will collaborate with peers in the group to negotiate meaning and determine what needs to be learnt and explored in order to fulfil the expectations required of the problem scenario (Jonassen, 1998). This is a significant point about PBL.  No knowledge or skills are taught until or unless students call for them. 

COLLABORATIVE LEARNING
Cuseo (2002:26) observes that there are many forms of collaboration between students in the classroom such as:

a) Small Group Discussion

b) Group Project

c) Study Group

d)   Cooperative learning

e)   Collaborative learning
Among those listed, collaborative learning is increasingly gaining support and adopted in the field of education. Cuseo (2002:25) provides a comprehensive definition of collaborative learning as,

“a social (interpersonal) relationship where two or three more individuals work interdependently in a manner that is both mutually supportive and reciprocally beneficial.”

Recent studies on collaborative learning support its educational impact of students’ academic performance. Cooper (1997) believes that collaborative learning has a strong positive effect on educational outcomes such as academic achievement, student retention, and attitude towards the subject matter. Hill (1990) also outlines other benefits of collaborative learning such as:

a) deeper understanding of subject

b) enjoyable learning

c) leadership skills

d) promoting positive self-esteem.

COLLABORATIVE LEARNING IN PBL

As mentioned earlier, PBL plays a great role in collaborative learning. Students work on problems in small groups of five to fifteen. Their analysis and resolution result in the acquisition of knowledge and problem-solving skills (Wilkerson, 1996). Glaser (1991) argues that in small group work, students evoke their problem-solving methods and conceptual knowledge. They express their ideas and share responsibility in managing problem situations. Different views on a problem are observed, leading students to ask new questions. The group nature provides the platform for interpersonal and group dynamics to be developed. In PBL, new information is acquired through collaborative learning. Students are expected to learn from the world’s knowledge and accumulate expertise by their own study and research, just as real practitioners do. During this self-directed learning, students work together, discussing, comparing, reviewing and debating what they have learnt (Wilkerson, 1996). 

In Singapore, PBL is relatively new and different form of education. Its group-based learning process suggests strong collaborative features, and therefore allows students to reap the full extent of the benefits of collaborative learning. The issue that is discussed here is whether PBL, with its unique characteristics and effects, enhances the benefits of collaborative learning. 

THE STUDY 

The PBL approach was introduced to about 200 second-year engineering students from the School of Materials Engineering in Nanyang Technological University in Singapore.

The study was designed the research question, 

“To what extent does PBL encourage collaborative learning among engineering students?”

The course module

SM112 is one of the course modules in Communication Skills. It is a course specially designed to improve students’ skills in Technical Writing. The main objective of the course is to teach students to write academic reports such as Lab Report, Industrial Attachment Report and the Final Year Project Report. Each class has an average of twenty five students. The course is conducted for a period of twelve weeks. Students attend one hour of lecture weekly, and two hours of tutorial fortnightly. The lectures act as resources sessions to acquaint students with the different aspects of technical writing. Students also make appointment with their tutor for consultation on their project.

DESCRIPTION OF THE LEARNING PROCESS IN PBL

As stated by Moesby (2002), PBL can be based on projects, which form the platform for students’ learning. For the course, students were assigned a project where they work in a group of four or five. PBL was conducted through the following stages:
i. Students first meet to brainstorm among themselves a problem in the real world, which is related to their studies in Materials Engineering. They have to identify the problem to tailor to a specific audience. With the help of a tutor, students work in groups of four or five to examine the problem. They also formulate possible hypotheses.

ii.   After students had spent sufficient times brainstorming and discussing the

problem they intend to solve, they identify learning issues they intend to investigate. Students consult with their tutor on the feasibility of their intentions through a Memo Report. In the Memo Report, students explain to their tutor which important problem/need their project will help solve or satisfy.

iii. To collect relevant information, the groups employ research strategies such as conducting a survey or interview and sourcing information from the library.
iv. Students discuss their findings and peer-teach what they have learnt.

v. The group then develops an outcome for the problem and presents their findings to other groups in their Group Project Presentation, where their peers and the tutor evaluate their project. At the end of the course, students have to submit a project report to their tutor.
vi. Students reflect on the way they have learnt in their groups through an online survey.

A sample of students’ definition of the real problem they intend to solve is illustrated as follows (minor editions were made to retain the authenticity of the materials):

Ever since the invention of shaped charges during World War II, armour protection technology had always been a step behind anti-armour weaponry. The effort to upkeep with cutting technology in armour protection has led to several researches with new materials countering threats from new and improved anti armour weaponry. The significant characteristic of armour would be the protection and mobility it provides for army personnel. Our project tries to find out the suitability of several materials for the purpose of protection without sacrificing the mobility of the vehicle and its ability to transport cargo and personnel. That is to say that we are looking at mechanical properties of some materials, trying to find a balance between strong and yet light materials that can be used for this application. 

Students played the role of engineers and their task is to identify the best and most suitable armour and recommend its use for armoured vehicles in the Singapore Armed Forces.   Students were asked to write minutes for every meeting and submit them as appendices in their project report. 

DATA COLLECTION
Data were collected from the following three sources:

a) An online survey designed to investigate students’ reaction to using the PBL approach  

b) An interview conducted with a handful of randomly selected students, and

c) Minutes recorded by students during group meetings.

DATA ANALYSIS AND DISCUSSION
The survey was conducted at the end of the course. Out of a total of 205 students, only 169 students responded to the survey. The survey consisted of True or False, Multiple Choice and Short Answer questions to elicit their response on the extent PBL encouraged collaborative learning. To eliminate biasness of students towards PBL Learning, students were not told specifically that the course was run using the PBL approach. Neither was there any specific mention of PBL in the online survey. Instead students were asked to respond to the survey to help tutors to evaluate the course. This was deliberately done so as to examine whether the course had made any significant impact on students’ learning. The results of the survey are tabulated below:

Results of survey on collaborative learning

	Statement                                                             Responses

1. Working in a collaborative group has helped                      
    me  learn the materials for this Technical                                              
    Writing course.

    True                                                                               86%

    False                                                                              12%

2. I feel that the teacher should have lectured more                

    instead of assigning so much group work.

    True                                                                               35% 

    False                                                                              64%

3. I enjoyed the experience of collaborative learning             

    True                                                                               86% 

    False                                                                              12%

4. While researching the final project, how much of the 

    feedback given to you by your group members was

    useful? 

    All                                                                                 3%

    A great deal                                                                   49%

    Some                                                                             44%

    Not much                                                                      2%

    None                                                                             1%

5. How much of the feedback that you gave your

    group was implemented by them? 

    All                                                                                1%

    A great deal                                                                  31%

    Some                                                                            62%

    Not much                                                                     5%

    None                                                                            1%

6. I could have written a better formal report if I had 

    worked alone.

   True                                                                               17%

   False                                                                              82%

7. It was more work working with my group than it 

    would have been if I had worked alone.                                                    

    True                                                                              33%

    False                                                                             66%

8. I respected the judgement of others in my group.                           

    True                                                                              96%

    False                                                                             3%

9. I felt that the other members of my group respected

    my judgement.

    True                                                                              92%                                            

    False                                                                             7%

10. Overall I feel that this course_____
      could have been better organized                             17%

      was generally fun and I enjoyed learning                 38%

      was perfect-don’t change it in any way                    4%

      was too much work                                                   38% 

      was confusing- I’m not sure I learnt much               2%




In answering the research question, “To what extent does PBL encourage collaborative learning among engineering students?” 86% of the students responded that working in a collaborative group has helped them learn materials pertaining to the Technical Writing course, while only 12 % feel that they did not learn much. This suggests that knowledge and skills can be learnt adequately in a group-based learning environment.
In addition, a high percentage of students (86%) stated that they enjoyed collaborative learning. Similarly, 82% disagree that they could have written a formal report if they had done it on their own, and only 17% agreed that they could have written a better report on their own (refer to Question 6). In addition, 33% of students also felt that it was more work working with their own group than it would have been if they had worked alone. This shows that a majority of students agreed that the PBL experience encourages collaborative learning. 

In addition, about half of the respondents (49%) felt that a great deal of the feedback by group members was useful, compared to 2 % of respondents who disagreed. About 96% of students also agreed that they respected the judgement of their peers in their group. Comparing this with 64% of students who disagreed that ‘the teacher should have lectured more instead of assigning so much group work’ sends a powerful signal that students can learn on their own. We agree with Savin-Baden (2003) that PBL locates knowledge in the group rather than in the individual. Members express their viewpoints upon the collective created knowledge and via the dialogue amongst the group members, they affirm the new knowledge created. Thus the PBL process provides a platform for students to “learn to learn” by themselves. They do not have to turn to the teacher for knowledge, but their peers suffice.
We also asked students how they find the course in general. About 38% agreed that it was fun and they enjoyed learning and 4% felt the course was perfect. However, as this is the first time students experienced PBL, some students may find that the course could have been better organized (17%). About 38% of students find the course was too much work for them. However, this is a common feedback on students’ PBL experience. 

We also observed that when students engaged in the PBL the discussion groups, students learn by discovery and not through the didactic method where knowledge is transmitted through the tutor. This resulted in a shortening of space between the tutor and the student (Savin-Baden, 2003). When presented with a problem, students learn to take charge of their learning experiences. A study of the minutes (see below) written by students during their group meetings also showed that students learn to identity problems and provide solutions among themselves. Below is a sample of minute by a particular group which carried out a research to evaluate the most effective material used in sanitary napkins (Note: Minutes are unedited to retain originality):  

Sample of Minute
	Minutes of the 1st official project meeting

      Matter Discussed               
     A. Discussion of Project Topic

1. Siong suggested that we should look into the problems that women face when using

    sanitary napkin. The problem is: Even though some women had already utilized
    maximum absorbency napkins available in the market, they still have to change
    their napkins very  frequently due to their inefficiency in absorption.

 2. Kiat suggested that we should carry out simple experiments to see which brands of

    sanitary napkins had the highest absorbency limit. 

3. Seng suggested that we should also find out if there is any better materials that has

    higher absorbency limits and why it is not being used in sanitary napkins in the
   market.

4. Eileen suggested that we should also include the negative aspects of these
    absorbent materials to the customers.

B. Role and Responsibility

1. We discussed and decided to go to the library and find information on our area of research together. We also shared with each other the information gained from our shallow research on our topic on absorbency materials. From the pool of information gathered, we categorise them.




Through the minutes recorded by students, we conclude that PBL enables students to take charge of their learning experiences as they collaborate with each other in providing solutions to real-world problems. Based on the suggestion by individual student, we observe there was an attempt to understand the problem from different perspectives. Thus there is evidence of deep learning among students (Hill, 1990) and through PBL, students create knowledge rather than merely transfer knowledge from research (Savin-Baden, 2003). In addition, PBL also broadens the knowledge base of the students while engaging with the projects. The project helps students to focus on acquiring important skills, concepts and ideas among themselves. The project also allows student to explore and verify the ramifications of these ideas, and to mimic the kinds of problems they will encounter in the real world-problems which demand careful thinking. We also observed there was an increase in the amount of time spent in group discussion, as students met up more often compared to non-PBL project to work at providing a solution to the problem. We agree that through PBL, students learn to support fellow learners and assume responsibility for contribution to one another’s knowledge (Knowlton, 2003). 

In addition, a semi-structured interview was also conducted among students to cross validate the results of the online survey. We asked students in what ways the project helped them to experience the real working life. A number of positive responses that suggests the benefits of collaborative learning were recorded:

Student 1

It has helped me in improving my ability to communicate with others, and helped me in knowing what teamwork is all about.

Student 2

By doing this project, I have learnt the way to communicate with others effectively. Besides, I gained some knowledge about meeting skills and how to share my ideas to others effectively.

Student 3

I learnt work delegation, communication with every member and team work. From the project, we learnt how to source for information, filtering, summarizing and how to put the data in a formal format. 

Student 4

We encounter various conflicts between our group members, mainly disagreement in opinions, as well as the differences in the division of workload (some members tend to do more than others). In this SM112 project, we had learnt to accommodate to each other, resolve our differences in opinions as well as leadership skill. 

Student 5

Doing this project gives me an idea of what it’s like to deal with other people in project work later in the workplace, which involves using interpersonal skills such as conflict resolution and teamwork etc.

In general, students felt that they had learnt to modify their own working style or viewpoints to accommodate others. This suggests that PBL provides a more democratic way of thinking and greater tolerance for diversity. Thus students experience personal growth and maturity as a result of a PBL learning experience. 

CONCLUSION
From the results, PBL encourages collaborative learning among engineering students. Students acquire self-directed learning as they work together in finding a solution to a problem which mirrors the real world. We agree with (Biggs, 2003:4) that through PBL, students are transformed from passive to active learners. The problem serves as a stimulus and framework for learning which is different from conventional university practice, where knowledge is transmitted through tutor. Through feedback from peers, students learn to express their ideas and share responsibility in managing problem situations. They thus learn significantly by tutoring each other (Cuseo, 2002:24). In conclusion, PBL serves engineering students well as they learn from the world’s knowledge and accumulate expertise by their own study and research just as real practitioners do.
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