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Abstract— In this paper, we introduced design education 

concepts to a first-year engineering course. The new content was 
added to an existing project to help students make more informed 
decisions in their project. The project was a team-based project in 
which students were asked to build a wind turbine. Students were 
supposed to design and build the turbine structure. Before 
students started building the structure, they were introduced to 
the design concepts and engaged in in-class activities including 
concept generation and concept reduction. Students perceptions of 
the usefulness of the new content/lecture was overall positive. 
There were no significant differences between the two weeks of 
activities based on the student response. The most frequent 
positive comments were related to group activities. Students also 
liked clear instructions and sketching of the design. Positive 
student feedback was more frequent than negative ones, indicating 
they do not agree on the negative aspects of the lectures/activities. 
One of the frequent negative feedback was related to busy 
PowerPoint slides. 

Keywords—design education, team-based learning, project-
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I. INTRODUCTION 
The overall objective of the current study is to revisit the 

content of an existing engineering pipeline course at the college 
of engineering in a minority serving institution and tailor it to 
provide early engineering design and team-working skills to the 
students at freshman level. In the previous scenario, these topics 
were taught later in their curriculum and this created several 
problems in their learning of these concepts. Learning 
engineering design earlier is especially beneficial for first-
generation and under-represented minority college students who 
do not have college educated friends and families to guide them.  

This is a required course for all first-year engineering 
students and is being offered in two parts: lecture and lab. While 
initially some hands-on techniques were implemented in the lab, 
there are some disconnections between some of the ideas that 
are being taught in the lecture and what students are doing in the 
lab. We modified an existing project in the lab part of the course 
to introduce design education and improve team-based and 
project-based learning in the course.  

Since design is a central aspect of engineering practice [1], 
it is imperative that engineering students develop design skills, 
and become more like experienced engineering practitioners [2]. 
The sooner engineering students being exposed to design 
education and practice, the more time they will have to be more 

like expert designers. There are important differences between 
expert and novice designers. Expert designers spend more time 
on the design task than novices [2]. Novice designers perceive 
the design task as a well-structured problem [3] and immediately 
engage in making decisions to solve the problem [4]. In contrast, 
expert designers tend to delay making design decisions to 
understand [5] and frame the problem [6] as well as do research 
and gather information [7] to generate concepts and design ideas 
[4]. Thus, novice designers work with a few ideas and do not 
spend time and effort to explore alternatives [8] while expert 
designers tend to generate different ideas before making 
decisions and implement them [9]. When evaluating different 
options, novices do not critically evaluate their design decisions 
[10] while expert designers conduct experiments and use 
systematic troubleshooting to find and correct flaws in their 
solution [11].  

II. RESEARCH PURPOSE AND QUESTION 
The main purpose of redesigning the first-year engineering 

course activity was to get the first-year engineering students 
familiar with engineering design earlier in their education. This 
study was conducted to answer the question of “What are the 
students’ perception on design education consisting of direct 
instruction followed by a hands-on activity in teams”?   

III. METHODS 

A. Course Settings and Design Project 
All engineering students at a minority serving higher 

education institution are required to take Introduction to 
Engineering course. It is a three-credit hour course that most 
students complete in their first year at the university. Typically, 
500 students are enrolled in the course in both Spring and Fall 
semesters. The course focuses on hands-on design projects and 
problem solving. The course has a lecture and a lab component. 
The course is offered in two lecture sections (about 250 students 
per lecture). In Spring 2018, 16 lab sections (about 25 students 
per lab) were offered. In the lab, students work in teams of 4 to 
6 (depending on the project). There are four main projects in the 
course: Excel, Solar, Wind Turbine, and Robotics. The wind 
turbine project has the greatest potential to focus on developing 
design skills. We modified the content of the wind turbine 
project (for weeks 1 and 2 of the project) for two of the lab 
sections. In the wind turbine project, students spend 5 weeks (3 
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hours per week) on the wind turbine project. The breakdown of 
5 weeks of the projects are:  

Week 1: Learn CAD software, Solidworks 

Week 1, modified for 2 sections:   

• 20-minutes lecture on engineering design  

• 40 minutes individual activity on listing possible materials 
that can be used to build the turbine structure, listing their 
pros/cons, and sketch a possible design for the turbine 
structure (see Fig. 1 for sample student work) 

• Learn CAD software, Solidworks 

Week 2: Design the blade in the CAD software and 3D print the 
blades (see Fig. 2.a)  

Week 2, modified for two sections:  

• 10 minutes, review of the design lecture 

• 40 minutes: work in groups to compare, rank, and combine 
(if necessary) the sketches drawn in the previous week, 
and decide on a final structure design 

• Design the blade in the CAD software and 3D print them  

Week 3: Design and build the turbine structure (see Figure 2.b)  

Week 4: Test performance of the wind turbine (testing power of 
the blade and stiffness of the structure)  

• For the power test, a fan is used to simulate the wind for the 
wind turbine to generate power. Students record the 
generated power, voltage, and current. The generated 
power depends on how well the students designed the 
blades (see Fig. 2.c).   

• For the structure stiffness test, the structure is loaded 
transversely (simulating wind loading) using weights 
attached to a string that pull the structure back, and its 
deflection is measured. The less deflection (stiffer), the 
better (see Fig. 2.d). 

Week 5: Presentation 

 

Fig. 1. Sample student work in week 1 of the project. 

    
(a)     (b) 

    
(c)    (d) 

Fig. 2. a. sample 3d printed blades; b. sample wind turbine structure;  
c. power test; d. stiffness test. 

B. Participants  
In total, 48 students were enrolled in the two modified 

sections of the lab. 23% of students were female and 15% were 
Hispanic. 83% of the students were freshmen and 44% of 
students were living on-campus. 15% of the students were 
working on-campus and 31% of the students were working off-
campus. At the end of weeks 1 and 2, students were asked to fill 
out a quick anonymous evaluation sheet about the lecture and 
activity. In total, 46 students filled out the evaluations for weeks 
1 and 2.  

C. Evaluation and Analysis 
The evaluation sheet for week 1 contained one likert-style 

scale and three open-ended questions:  

• How useful was today’s lecture/activity in helping you 
design the wind turbine structure? (5-point scale ranging 
from very low to very high) 

• What did you like in today’s lecture/activity? 

• What did you NOT like in today’s lecture/activity? 

• What would you like to see added or think is missing in 
today’s lecture/activity?  

In week 2 evaluation, in addition to these four questions we 
also asked students to rate the lecture in week 1 again and 
indicate if their rating has changed.   

Descriptive statistics were used to evaluate the usefulness of 
the lectures/activities for the students. Since there was no 
explicit lecturing on design process in the other sections, it was 
not possible to ask and compare student responses on the 
usefulness of the lecture. To measure the consistency and 
usefulness of the two weeks lectures/activities, the student 
ratings of week 1 and 2 were compared using t-test (for mean 
comparison), median comparison test, and Mann-Whitney U 



test (for comparing the distributions). The open-ended questions 
were coded using thematic analysis and open-coding [22].  

IV. RESULTS AND DISCUSSION 

A. Likert-scale questions 
Fig 3. shows the distribution of students’ answers to the three 

likert-scale questions asked students about their overall 
perception of the lecture and activity about week 1 (asked both 
in week 1 and week 2), and week 2. Overall student feedback 
for both weeks was positive. 50% students rated week 1 high or 
very high, 41% medium, and only 9% low. 61% of students 
rated week 2 high or very high, 34% rated medium, and only 4% 
low. Compared to week 1, week 2 evaluation has shifted toward 
the positive end as more students selected high usefulness for 
the lecture/activity. Students re-evaluation of week 1 in week 2 
does not show any overall improvement as mean remained the 
same (see Table I). There was no statistical difference between 
week 1 and week 2 means (t-test p-value>0.05) or medians (p-
value>0.5). In addition, Mann-Whitney U test revealed that 
there was no difference between the distribution of week 1 and 
week 2 feedback.   

 

Fig. 3. Distribution of students’ responses to overall usefulness of the session 

TABLE I.  STATISTICS FOR THE USEFULNESS OF THE SESSION  

Statistics Week 1 Week 2 Week 1 (2nd) 
Mean 3.43 3.65 3.43 

Median 3.5 4.00 3.00 
Standard 
Deviation 0.69 0.71 0.81 

T-test (p-value) 0.14  
Median test  

(p-value) 0.36  

Mann-Whitney 
U Test (p-value) 0.17  

B. Open-ended questions  
The students’ responses were coded by open coding. The 

responses were categorized based on the emerging themes 
which were named as a) Overall Characterization, b) Instruction, 
and c) Content. Also, the number of responses that were given 
to each question in both weeks was interpreted. Table II 
indicates the number of responses given to each question. As 
shown in Table II, the students’ positive comments 
outnumbered the negative comments. Also, the negative 
comments were less frequent. Thus, it was concluded that 

students agreed more on positive aspects of the 
lectures/activities than the negative ones. 

TABLE II.  NUMBER OF STUDENT COMMENTS 

Category Liked Did not 
Liked 

Thought 
missing 

Overall 27 11 0 

Instruction 67 22 36 

Content 44 14 16 

Total 141 47 52 
 

The details of each question and each category is presented 
below.  

1) What students liked. The coded student responses 
brought up three categories: a) Overall Characterization, b) 
Instruction, and c) Content.  

a) Overall Characterization. The students described the 
lecture/activity of week 1 as overall good, informative, and 
giving insight about the project that they would be working on. 
Also, they found the week 1 lecture/activity helpful, useful, 
motivational, engaging them into the project, and clear. In 
addition, one student liked that the lecture was short.  

The students liked the lecture/activity of week 2 even better 
than the lecture/activity of week 1. They characterized the week 
2 as good/very good, helpful, great, and liked that the lecture 
part was short.  

b) Instruction. In week 1, the students mainly liked the 
sketching the wind turbine structure, and brainstorming on 
design mainly for materials and building the turbine, and 
discussion activities for solving problems. Also, they stated that 
the time arrangement was good for the whole session; they liked 
the organization of the session (including short lectures and 
hands-on activities) and practicing design. The students also 
liked the PowerPoint presentation that was used by the 
instructor as much as seeing a wind turbine example that the 
instructor made use of during his instruction.  

In week 2, the students provided more positive comments 
on instruction than they did for week 1. Majority of the students 
liked group work in which they had discussions on project 
design and designing/creating blades. They mentioned that they 
liked the communicating and socializing with others, being 
active in the class, straight forward and clear instructions, and 
the PowerPoint presentation that was used in this week as well. 
They found it detailed enough and easy to understand.  

c) Content. About week 1, most of the students mentioned 
that they liked to be given guideline for the design which 
includes considering different ideas to start the project, doing 
research on materials, and how to pick a design for the project. 
Some students mentioned that they liked to see a guideline that 
they can use while planning any project. Some other parts of 
the content that students mentioned were problem solving and 
some real-world problems of engineers, the difference between 
novice and experienced engineers in their approach, and 
general information and ideas about the class and project during 



the instruction. About week 2, the students liked being 
informed on how to design and create wind turbine blades, and 
guideline for the project. Also, one student mentioned that 
he/she liked learning a new topic. 

In summary, students thought the lectures and activities were 
helpful. They liked the group activities, straight forward and 
clear instructions, sketching of the turbine structure, and 
guidelines for design and project planning. Here are some 
examples of the answers to the question of what they liked: “The 
time we had to sketch our ideas to explore possible materials 
that can be used.”, “The fact that we had time to collaborate on 
our design.”, “I liked the content of the slide show with the 
process of solving problems”.  

2) What students did NOT like. We analyzed the student 
responses based on the same themes that emerged in the 
previous question: a) Overall Characterization, b) Instruction, 
and c) Content. 

a) Overall Characterization. For week 1, some students 
commented that they found the lecture long, boring, repetitive, 
and slow. One student found the lecture on wind turbines short. 
For week 2, only two students mentioned that the overall 
session was boring and useless.  

b) Instruction. About week 1, a few students mentioned 
that they found the instruction not very 
engaging/interactive/collaborative, and some other students 
mentioned that they did not like sketching activity, reviewing 
materials in detail, and too much focus on PowerPoint during 
lecture part. A few students thought that the PowerPoint 
presentation slides were confusing, busy, and containing too 
much information but not enough photos.  

About week 2, only six students mentioned different 
aspects of instruction–it was difficult to figure out the optimal 
blade, they did not have enough time to work on project, they 
sat too long during the session, and they did not like designing 
base for the wind turbine, there was lack of lecture and they did 
not like to be divided into subgroups while working on project.  

c) Content. For week 1, only six students commented 
about the parts of content which they did not like. They did not 
like the amount of materials to cover in one session, lack of 
information on materials for design and about the project (What 
is it about? Why is it necessary?), insufficient guideline for the 
project, and confusing diagrams. One student mentioned that 
he/she doesn’t like any lecture. For week 2, there were only 
three comments for the content–there was not a lot of 
information, there was a lack of talk about the wind turbine and 
structure, and lack of details on how to design the blades. 

In summary, the most common and frequent comments in 
both weeks were related to lack of details in the content and too 
busy PowerPoint slides. Examples from the students’ answers to 
the question of what they did not like in the lecture/activity are: 
“Not much activity/movement going on.”, “The first half was 
pretty boring.” 

3) What students thought should be added.  We analyzed 
the student comments based on two emerging themes: a) 
Instruction, and b) Content.  

a) Instruction. For week 1, most of the students 
mentioned that there should be more examples of working wind 
turbines made by students. Some students mentioned that there 
should be more audiovisual components during the lecture for 
the materials and design process, more group work and 
discussion on group projects and each students’ design and 
material selection, example of the test process for wind 
turbines, more sketching activities, more practice on design 
process, and examples of past failed projects. Also, it was 
mentioned that there should be more thought-provoking 
questions and less instructor lecture.  

For week 2, the students mainly wanted to see more 
examples of wind turbines and blades. Also, they stated that 
there should be more time to work on the design process. Some 
other comments were about instruction to include more 
guidance and help about the lab and designing blades.  

b) Content. About week 1, some students stated that they 
would like to have more and clear information on wind turbine, 
more information on design process, and the real-world 
problems, materials that can be used, and guidelines for design 
project. About week 2, a few students mentioned that there 
should be more information on angle of attack, structure and 
materials, how to plan an effective design, and turbine support 
structures. They also thought that there should be more design 
topics and more photos should be used in the lecture.  

In summary, students would like to see more examples of 
blade design, structure design, and design process. They also 
indicated interest in more information about wind turbine design 
and design process in general. Examples of working wind 
turbines was another frequent comment. Some examples of 
students’ answers to the question of what is missing or what 
should be added to the lecture/activity are listed here: “Would 
have liked to understand move on how the best structure was 
and see it in action.”, “More examples of blades maybe”, “I 
wish there was more interesting (attention getting ways) like gifs 
or animations.” 

V. CONCLUSION 
In this paper, we analyzed student feedback after adding 

design education lectures and activities to a team project in a 
first-year engineering course at a minority serving higher 
education institution. Overall, student feedback to directly 
lecturing design process and design activities was positive. 
Number of positive comments were also greater than negative 
comments. Students comments were coded by open coding 
method. Three categories were emerged from the codes:  overall 
characterization, instruction, and content. Students thought the 
lectures and activities were helpful. They liked the group 
activities, sketching of the turbine structure, and guidelines for 
design and project planning. Students agreed more on the 
positive aspects of the lectures and activities. When it came to 
what students didn’t like, there were no consensus (no frequent 
responses). Some negative comments were related to lack of 
details in the content and too busy PowerPoint slides. Students 
would like to see more examples of blade design, structure 
design, design process, and working wind turbines. They also 
indicated interest in more information about wind turbine design 
and design process in general.  



REFERENCES 
[1] H. A. Simon, The sciences of the artificial. Cambridge, MA: MIT press, 

1969. 
[2] C. J. Atman, R. S. Adams, M. E. Cardella, J. Turns, S. Mosborg, and J. 

Saleem, "Engineering design processes: A comparison of students and 
expert practitioners," Journal of Engineering Education, vol. 96, no. 4, 
pp. 359-379, 2007. 

[3] C. J. Atman and K. M. Bursic, "Teaching engineering design: Can 
reading a textbook make a difference?," Research in Engineering 
Design, vol. 8, no. 4, pp. 240-250, 1996. 

[4] H. Christiaans and K. H. Dorst, "Cognitive models in industrial design 
engineering: a protocol study," Design theory and methodology, vol. 42, 
pp. 131-140, 1992. 

[5] Ö. Akin and C. Lin, "Design protocol data and novel design decisions," 
Design Studies, vol. 16, no. 2, pp. 211-236, 1995. 

[6] R. S. Adams, J. Turns, and C. J. Atman, "Educating effective 
engineering designers: The role of reflective practice," Design studies, 
vol. 24, no. 3, pp. 275-294, 2003. 

[7] K. M. Bursic and C. J. Atman, "Information gathering: a critical step for 
quality in the design process," Quality Management Journal, vol. 4, no. 
4, pp. 60-75, 1997. 

[8] J. L. Adams, Conceptual blockbusting: A guide to better ideas. Reading, 
MA: Perseus Books, 1986. 

[9] D. Crismond, "Investigate-and-redesign tasks as a context for learning 
and doing science and technology," Unpublished doctoral thesis, 
Harvard, Cambridge, MA, 1997. 

[10] W. M. Goldstein and R. M. Hogarth, "Judgment and decision research: 
Some historical context," (Research on judgment and decision making: 
Currents, connections, and controversies. Cambridge, UK: Cambridge 
Univ. Press, 1997, p.^pp. Pages. 

[11] D. P. Crismond and R. S. Adams, "The informed design teaching and 
learning matrix," Journal of Engineering Education, vol. 101, no. 4, pp. 
738-797, 2012. 

[12] L. D. Fink, "Beyond small groups: Harnessing the extraordinary power 
of learning teams," in Team-based learning: A transformative use of 
small groups, L. and A. B. K. K. Michaelsen, & L. D. Fink, Eds. 
Westport,  CT: Praeger, 2002, pp. 3-26. 

[13] K. K. McMahon, "Team-based learning," in An introduction to medical 
teaching: Springer, 2010, pp. 55-64. 

[14] L. K. Michaelsen, W. E. Watson, and R. H. Black, "A realistic test of 
individual versus group consensus decision making," Journal of Applied 
Psychology, vol. 74, no. 5, p. 834, 1989. 

[15] L. W. Anderson and L. A. Sosniak, "Bloom's taxonomy: a forty-year 
retrospective. Ninety-third yearbook of the National Society for the 
Study of Education, Pt. 2," ed: Chicago, IL., University of Chicago 
Press, 1994. 

[16] D. W. Knight, L. E. Carlson, and J. F. Sullivan, "Staying in engineering: 
Impact of a hands-on, team-based, first-year projects course on student 
retention," in CD) Proceedings, ASEE Conference and Exhibition, 2003. 

[17] B. W. Tuckman, "Developmental sequence in small groups," 
Psychological bulletin, vol. 63, no. 6, p. 384, 1965. 

[18] J. W. Thomas. (2000). A review of research on project-based learning. 
Available: 
http://www.bobpearlman.org/BestPractices/PBL_Research.pdf 

[19] P. C. Blumenfeld, E. Soloway, R. W. Marx, J. S. Krajcik, M. Guzdial, 
and A. Palincsar, "Motivating project-based learning: Sustaining the 
doing, supporting the learning," Educational psychologist, vol. 26, no. 
3-4, pp. 369-398, 1991. 

[20] B. J. Barron et al., "Doing with understanding: Lessons from research 
on problem-and project-based learning," Journal of the Learning 
Sciences, vol. 7, no. 3-4, pp. 271-311, 1998. 

[21] M. W. Ohland et al., "The comprehensive assessment of team member 
effectiveness (catme): A new peer evaluation instrument," in 
Proceedings of the 2006 ASEE Annual Conference, 2006. 

[22] V. Braun and V. Clarke, "Using thematic analysis in psychology," 
Qualitative research in psychology, vol. 3, no. 2, pp. 77-101, 2006. 

[23] www.wordle.net.  
 

 




