
Project-/Problem- Based Learning – Does it Encourage Deep 
Thinking? 

 

I. Introduction 

In recent years, a substantial amount of research has appeared describing project- and problem-
based learning (PBL) in engineering education [1, 2]. It has been reported that these approaches 

foster a deeper learning and understanding of engineering concepts and practices than their 
traditional lecture-based counterparts.  This deeper learning is essential to address the prevalence 
of “ill-structured” problems that engineers face in their professional lives [3].  While addressing 

“ill-structured” problems in an academic environment could better prepare engineering students 
for the engineering workplace upon graduation, the adoption of PBL is sporadic.    

This research is part of a larger project to develop a methodology to encourage the practice of 
evidence-based teaching techniques based on educational research.  This work includes the 
transformation from lecture-based to project- and problem-centered curricula.  Even knowing the 

benefits of project-based approaches, engineering faculty must overcome barriers such as limited 
time, assessment methods, accreditation requirements, knowledge of unfamiliar techniques and 

student resistance.  Students who have developed a comfort with traditional teaching methods 
could resist learning in a PBL classroom.  According to Evans, high-achieving learners 
regardless of discipline typically possess three characteristics: They (1) think deeply about the 

subject rather than superficial memorization, (2) are adaptive in their process rather than 
repeating a single method, and (3) have an attitude that reflects a “Need for Cognition” or a 

willingness to put forth cognitive effort [4].  It is typically assumed that a project-based 
curriculum in engineering education promotes these characteristics and encourages higher level-
learning.   

For PBL to be widely adopted, the student body must also be willing to modify their traditional 
role within the curriculum. Anecdotal evidence suggests that attitudes towards higher levels of 

learning vary among engineering students.  Improving each student’s comfort with the “ill-
structured” problems faced in professional careers should be a goal of PBL, but achieving such 
comfort levels may be problematic.  In this study, two engineering student cohorts were surveyed 

using the “Need for Cognition” instrument to evaluate attitudes towards using personal cognitive 
tools.  This survey was performed for two consecutive years at the beginning and end of a senior 

mechanical engineering course with a PBL-oriented curriculum.  The data were collected 
anonymously but with tracking numbers to identify any changes in attitudes as a result of 
exposure to project-based assignments.  The first year results indicated an increase in comfort 

with “ill-structured” problems during the course.  In this work, the research group will present 
data for both years and identify trends with the intention of improving the implementation of 

future PBL courses from a student perspective. 



II. Class Description 

This study involves the investigation of two consecutive cohorts of a senior-level mechanical 

engineering class.  There were 38 students enrolled in the course in 2010 and 57 in 2011.  The 
students were not identified demographically for this study, but both classes were composed of a 

wide variety of experience levels ranging from traditional students that transitioned directly from 
high school to students with multiple years of work experience.  This course is offered as a study 
in applying thermal and fluid science concepts in a systems design format.  Both sessions of the 

course included a variety of projects throughout the semester, each incorporating concepts 
presented initially in previous courses.  The students were graded on a functional rubric with 

categories such as teamwork, functional task breakdown, governing equations, solution method 
and presentation.  There were five projects in 2010 and three in 2011; however, these projects 
employed greater complexity.  In both cases, the projects were successively more open-ended in 

terms of defined project requirements, with the final project a design and fabrication task of 
developing a small wind-turbine with the goal to produce the highest power and the lowest cost.  

The class lecture time was divided into concept review, discussion of project approaches and 
methods as well as learning application-related concepts such as economic analysis and project 
management.  In the first year (2010), the projects were a mixture of individual and group 

assignments with varying team members through the semester.  In the second year (2011), the 
Comprehensive Assessment for Team-Member Effectiveness (CATME) system was used for 

assigning permanent 3-member teams for all projects through the semester [5]. 

III. Survey 

The survey created for this study was a modified version of the “Need for Cognition” survey 

developed by Petty and Cacioppo [6, 7].   The modified survey consisted of the original 18 
questions with an additional 5 questions added at the end for a total of 23 questions.  Each 

question response was graded using a Likert scale with a 1 for strongly disagree up to a 
maximum of 5 for strongly agree.  The modified survey is presented in Table 1.  Questions 3, 4, 
5, 7, 8, 9, 12, 16, 17 were reverse-graded based on the published implementation [7]. 

Table 1: Modified "Need for Cognition" Survey Questions.  Each question was rated on a Likert scale (1=strongly 

disagree, 5=strongly agree).  Questions marked with an asterisk were reverse graded. 

1. I would prefer complex to simple problems.  

2. I like to have the responsibility of handling a situation that requires a lot of thinking. 

3. Thinking is not my idea of fun. * 

4. I would rather do something that requires lit tle thought than something that is sure to challenge my thinking abilities. * 

5. I try to anticipate and avoid situations where there is a likely chance I will have to think in depth about something.  * 

6. I find satisfaction in deliberating hard and for long hours.  

7. I only think as hard as I have to. * 

8. I prefer to think about small, daily projects to long-term ones. * 

9. I like tasks that require little thought once I’ve learned them. * 

10. The idea of relying on thought to make my way to the top appeals to me. 

11. I really enjoy a task that involves coming up with new solutions to problems. 

12. Learning new ways to think doesn’t excite me very much.  * 

13. I prefer my life to be filled with puzzles that I must solve. 

14. The notion of thinking abstractly is appealing to me. 

15. I would prefer a task that is intellectual, difficult, and important to one that is somewhat important but does not require much thought. 



16. I feel relief rather than satisfaction after completing a task that required a lot of mental effort. * 

17. It’s enough for me that something gets the job done; I don’t care how or why it  works. * 

18. I usually end up deliberating about issues even when they do not affect me personally . 

19. Complex problems are easier to work in a single focused effort. 

20. I like to plan my solution approach at the start of a complex problem. 

21. I enjoy hard problems that have a specific solution that can be verified. 

22. Sometimes I feel frustrated about not knowing the next step in a solution. 

23. I prefer a problem with fewer given constraints. 

 

The surveys for each cohort were administered in the initial month of the semester (September) 
and again in the last week of class (December) for 2010 and 2011.  The survey data was 

collected anonymously from the students, but each student was asked to provide a self-assigned 
tracking number that they could remember (i.e. last 4 digits of phone number).  This tracking 
number was used to correlate longitudinal changes in the perceived attitudes of individual 

students as a result of exposure to project-based assignments.  This result was combined with 
overall group averages to provide a snapshot of student attitudes before and after a project-based 

course. 

IV. Results 

A series of approaches were used in approaching the collected survey data.  The overall cohort 

average results for “before” the class and “after” the class are presented with the data for 2010 in 
Figure 1 and the data for 2011 in Figure 2.  These results include all responses collected for both 

surveys, including those with incorrect or missing tracking numbers.  In each graph presented in 
this study, the “before” results correspond to the surveys conducted in September (“before” the 
class) while the “after” results correspond to the December surveys (“after” the class).  The 

results are presented as a series of bar graphs corresponding to each question number which 
references the numbering defined in Table 1 for the modified version of the need for cognition 

instrument.  The data for each of the following graphs were initially collected in raw form, and 
the noted reversed question responses were inverted during analysis.   



 

Figure 1: 2010 cohort average results presented for each question.  These results are provided both before and after the 

project-based learning course. 



 

Figure 2: 2011 cohort average results presented for each question.  These results are provided both before and after the 

project-based learning course. 

The overall average response across all questions for the four surveys was calculated as part of 
the analysis: 

Year Before After 

2010 Average for all Questions: 3.71 

 

Average for all Questions: 

3.75 

2011 Average for all Questions: 3.51 Average for all Questions: 
3.54 

 

These data indicate a relatively lower starting point for the 2011 cohort than that of the 2010 
cohort on average.  These data also indicate a slight and similar in magnitude increase in “need 

for cognition” for each cohort over the entire range of questions in the survey from all 
participants.  The more detailed responses for each question presented in Figures 1 and 2 indicate 
a more nuanced picture.   

Looking only at the strength of the responses rather than change, Questions 2, 10, 11, 12 and 17 
produced consistently higher responses for both cohorts.  These responses averaged greater than 

4/5 in 2010 and 3.7/5 in 2011.  Question 11 in particular (“I really enjoy a task that involves 
coming up with new solutions to problems”) averaged higher than 4.1 in both cohorts.  Questions 
8, 9 and 16 produced consistently lower responses near 3/5 for both cohorts.  Each of these 

questions was one of the 9 inverted responses which could partially account for the overall 
magnitude of these responses. 



Beyond the overall magnitude of the responses, the change in response for each question before 
and after the course was determined for both cohorts.  The average change in response to each 

question for the 2010 cohort is presented in Figure 3 and for the 2011 cohort in Figure 4. In each 
of these graphs, the bars indicate the average change in magnitude for each question as indicated 

on the left axis.  The direction of the bars indicates the direction of response with a positive 
change to the right indicating an increase in response. 

 

Figure 3: Change in average survey response for each question for responses recorded "before" and "after" the 2010 

course. 

 



 

Figure 4: Change in average survey response for each question for responses recorded "before" and "after" the 2011 

course. 

These data more clearly describe the longitudinal response for each question in each cohort.  

Anecdotally, these changes in response may be affected by the general state of mind at the 
beginning and end of a semester.  Senior engineering students are under a substantial amount of 
stress due to project completion dates at the end of the semester which may have influenced their 

response to the survey. 

A large increase of greater than 0.4 was observed for both cohorts on Question 1 (“I would prefer 

complex to simple problems.”)  This is a strong indication that the project-based curriculum has 
induced some increased preference in the students for more problem complexity.  Interestingly, 
inverted Question 7 (“I only think as hard as I have to.”) produced contrary results for the two 

cohorts with a strong increase in 2011 and a moderate decrease in 2010.  Comparing the two 
cohorts, there was a substantial higher variability in 2010 as compared to 2011.  In 2011, only 2 

questions (8, 23) dropped more than 0.1 on average.  In 2010, there were six Questions (3, 5, 7, 
16, 21, 22) that dropped more than 0.1 on average.  This may be due to the much larger sample 
size in 2011.  The response to question 3 decreased over the span of the course, particularly in 

2010 which indicates that the students were less likely to see “thinking as a fun activity”.  This 
may be a result of the end of the semester stress/fatigue and could be an indication that the 

survey could be administered more effectively at the beginning of the subsequent semester to 
reduce mental fatigue as a variable. 

Using the tracking numbers provided by the students, the data for each cohort were compiled for 

individual responses.  In the course of this analysis, several responses did not have a matching 
pair and were removed from the data pool.  This resulted in a 48% response rate (number of 



matched individuals/total responses) for the 2010 cohort and a 64% response rate for the 2011 
cohort.  These data are presented to describe the change in each individual from “before” to 

“after” the course and compared to the average change for that cohort.  Figure 5 indicates the 
average change in 16 individuals from the 2010 cohort while Figure 6 indicates the average 

change in 35 individuals from the 2011 cohort.  In these graphs, each of the “X” marks indicates 
an overall individual average change for all 23 questions. 

 

Figure 5: Change in individual average responses for the 2010 cohort compared to the overall cohort average. 

 

 



 

Figure 6: Change in individual average responses for the 2011 cohort compared to the overall cohort average. 

Based on the data for tracked individuals only, the average increase in average question response 
was greater for the 2010 cohort (+0.14) compared to the 2011 cohort (+0.03). As seen in the 

figures, the distribution was substantially larger for the 2011 cohort with changes ranging from 
+0.8 to -0.8 as compared to the 2010 cohort with individual changes ranging from +0.45 to -0.1.  
In both cohorts, it appears that there are populations of students with different levels of change.  

Some students had substantially large increases in response while others saw significant 
reductions.  Anecdotally, in both cohorts there were students that became very uncomfortable 

with the lack of structure in a project-based course and others that flourished in that environment. 
Along with end of semester fatigue, this initial exposure to a more open-ended classroom 
environment simultaneously in a variety of senior-level courses may be contributing to an 

increased level of discomfort in some students.  This situation could be a substantial barrier to 
overcome for effective institutional adoption of project based learning.   

Finally, the change responses per question for both cohorts were compared to the overall average 
change responses. In Figure 7, the data for all tracked individuals from both cohorts was 
combined and an overall average response was determined based on 51 individuals.  The bars 

represent magnitude and direction of the average change response for the different groups.  The 
green bars indicate the combined average while the blue and red indicate the 2010 and 2011 

cohorts respectively. 



 

Figure 7:  Overall change in cohort response per question compared to the other cohort and the overall average. 

As noted earlier, it is clear that the average change per cohort was more dramatic for the 2010 

group than the 2011 group.  This is different from the individual responses which demonstrated 
more variability in the 2011 cohort.  This is likely due to the limited sample size in the 2010 
cohort.  The change trends proceed in the same direction with the exception of Questions 4, 5, 9, 

10, 11, 13, 14, 15, 17, 21, and 23.  Of these exceptions, the most dramatic differences were seen 
in Questions 9, 14, and 23.  Interestingly, the 2011 course was structured with more emphasis on 

starting from an ill-defined problem.  This difference may be reflected in the negative change to 
these questions regarding the “preference for a problem with fewer given constraints” (Question 
23) and the “notion of thinking abstractly is appealing to me.” (Question 14).  In both cohorts, 

there was a strong negative response to “Thinking is not my idea of fun.” (Question 3). This is at 
least partially a result of the end of semester fatigue and should be considered for future use of 

this instrument. 

V. Summary 

A study was conducted to investigate changing engineering student attitudes after taking a 

project-based learning class.  In this study, two senior mechanical engineering cohorts were 
given a 23-question survey based on the “Need for Cognition” instrument.  The student 

responses were tracked individually using a self-assigned code.  The average student responses 
showed small variations in the question responses, typically in the direction of stronger 
responses.  The stronger responses indicate a small overall increase in comfort level with using 

cognitive tools in performing engineering problems.  The results were also presented in terms of 
change in cohort and individual average response.  The stronger responses again indicate more 



comfort and understanding about using cognitive tools over the duration of the course.  A strong 
negative response in question 3 indicates a reduction in student perception that “thinking is fun.”  

This is coupled with a stronger response in recognition of deeper thinking as a necessary tool to 
be a good engineer.  When analyzing the longitudinal aspects of the data, it was clear that a wide 

variety of changes occurred, depending on the individual.  It is likely that some of these 
individuals are experiencing the type of “ill-structured” problems commonly encountered in 
engineering practice for the first time and were not comfortable.  This was also typical of the 

anecdotal evidence in classroom/office discussions with a certain population of each cohort.  It is 
clear that increasing the student comfort level with abstraction and “ill-defined” problems is a 

significant issue for wide-spread adoption of project- problem- based learning.  

VI. Conclusions 

The data presented in this work, indicates that student attitudes towards cognition can be affected 

by problem based learning.  These students enter class with different comfort levels or 
knowledge of how they use cognition in their engineering coursework.  This difference could be 

based on a varying life experiences or possibly learning styles.  The changes observed in the 
survey as a result of the problem-based curriculum almost always indicate that while not always 
seen as fun, the students attained an improved attitude towards applying cognitive tools to 

engineering tasks. It would be appropriate to administer this survey in the future at the start of 
the following semester to eliminate the negative bias towards thinking due to stress/fatigue at the 

end of the semester.  Based on the collected data, it appears that there is a net positive effect on 
student’s attitudes towards cognitive tools when exposed to a problem-based learning 
environment.  This improved student attitude is critical in achieving deeper learning and 

preparing students for effective engineering careers. 

 

 

 

References: 

[1] R. M. Felder, et al., "The Effects of Personality Type on Engineering Student Performance and Attitudes," 

Journal of Engineering Education, vol. 91, pp. 3-17, 2002 2002. 

[2] D. R. Woods, "Three Trends in Teaching and Learning," Chemical Engineering Education, vol. 32, pp. 

296-301, 1998. 

[3] D. Jonassen, et al., "Everyday Problem Solving in Engineering: Lessons for Engineering Educators," 

Journal of Engineering Education, vol. 95, pp. 139-151, 2006. 

[4] C. Evans , et al., "Approaches to Learning, Need for Cognition, and Strategic Flexibility among University 

Students," British Journal of Educational Psychology, vol. 73, pp. 507-528, 2003. 

[5] M. L. Loughry, et al., "Development of a Theory-Based Assessment of Team Member Effectiveness," 

Educational and psychological measurement, vol. 67, pp. 505-524, 2007. 



[6] R. Petty and J. Cacioppo, "The Need for Cognition," Journal of Personality and Social Psychology, vol. 42, 

pp. 116-131, 1982. 

[7] J. Cacioppo, et al., "The Efficient Assessment of Need for Cognition," Journal of Personality Assessment, 

vol. 48, 1984. 

 

 


