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INTRODUCTION 
Recent years have seen the growth of maker movement in 
education generally, and at institutions of higher education, 
more specifically. Reports sharing best practices and pro-
gram implementation plans have proliferated, offering valu-
able resources to educators seeking to establish a Mak-
erspace on their own college campus. Less well understood 
is the impact of maker-based learning on undergraduates’ 
education, especially in disciplines other than engineering. 
To learn more about this space, we undertook a study of 
students from multiple disciplines enrolled in project-based 
design courses at an R1 university, through pre- and 
post-course surveys. Preliminary results indicate growth in 
design-specific skills as well as in skills, such as “dealing 
with ambiguity,” that can serve students across a range of 
disciplines. Results also indicate that design-based group 
work deepened students’ appreciation for the value of inter-
disciplinary work. We suggest that further work – especially 
focused on supporting interdisciplinary making – can better 
understand the role of design-based work both in engineer-
ing education and in serving undergraduates of all disci-
plines.  
 

BACKGROUND 
For the purposes of this work, we distinguish between mak-
ing, design, and engineering in the following ways: 
• Making involves hands-on construction of physical 

artifacts. 
• Design is an iterative process of problem framing and 

problem solving.  
• Engineering is application of mathematics and sci-

ence in solving problems and meeting well-defined 
requirements. 

These skills often overlap, as in the prototyping stage of the 
design cycle, which tends to involve making, and in realiz-
ing final design specifications, which requires engineering. 
 
Making and hands-on design work are much-touted re-
sources for undergraduate engineering students [1, 2]. Pro-
grams and curricula to involve engineering students in mak-
ing and design, often from freshmen year, have proliferated 
since the 1990s [2-4]. With “The Engineer of 2020” Project 
[5], undergraduate engineering programs began using mak-
ing and design as contexts in which their students could de-
velop creativity, communication skills, flexibility, and other 
attributes of the “Engineer of 2020” [6]. Toward these ends, 
making has also been found to foster novel levels of collab-
oration and, for students from low-income backgrounds, can  

 
validate existing community expertise – such as in construc-
tion, carpentry, plumbing, car mechanics – by linking them 
to formal academic concepts [1]. In educating well-rounded 
engineers, researchers have also studied design work as a 
context to learn the critical thinking skills and social inquiry 
central to liberal arts education [7].  
Additionally, research programs with K-12 students position 
making as a learning resource across diverse disciplines. 
Most common are links to other STEM domains of science 
[8, 9], technology [1], and mathematics [8, 10, 11], though 
researchers also evaluate making as a context for learning 
about history [12] and social justice [13]. 
Yet research has also highlighted key under-explored areas 
of the literature on academic Makerspaces [14]. Data-driven 
empirical studies are rare, especially outside of engineering 
contexts. The few empirical studies of undergraduate mak-
ing focus almost exclusively on engineering students and 
engineering skills; studies addressing students or skills from 
other disciplines could not be located. Additionally, quanti-
tative research methods tended to employ only end-of-term 
assessments, lacking pre/post analysis. A wider range of da-
ta-driven empirical methods focusing on engineering stu-
dents and those from other domains is needed to support 
claims about the benefits of undergraduate making. 
With this background in mind, this paper presents a formal 
study of college-level making- and design-based courses to 
understand their impact on students’ skills and attitudes. A 
primary claim of the Maker Movement is that making in-
creases self-efficacy by empowering individuals to actively 
construct the world around them. Thus we sought to measure 
and characterize such an increase for students taking a mak-
ing-based class. Additionally, making in higher education is 
closely associated with project-based learning, often in in-
terdisciplinary groups. We seek to quantify and characterize 
a change in attitudes towards interdisciplinary work in stu-
dents who have been part of such a group projects.  
 

METHODS 

A. POPULATION AND SAMPLING PROCEDURE 
University students were recruited to participate in this sur-
vey study from among the course rosters of four de-
sign-based courses offered at an R1 university. These cours-
es were selected based on the following criteria: 1) focus on 
iterative process to prototype solutions to engineering and 
design challenges and 2) open to students of all majors. 
Three of the courses were entry-level design classes that fo-
cus on foundational design, prototyping, and fabrication 
skills through weekly hands-on projects that include la-
ser-cutting, 3D modeling, and electronic circuitry tech-



 

 

 

niques. The fourth course was an upper-division, pro-
ject-based course that links computer science and socially 
engaged art through design and implementation assignments. 
Table 1 summarizes the response rates, and Table 2 provides 
example making and design projects by course. 
Table 1. Courses Surveyed 

Course Term Enrollment Respondents: 
Start (End) 

Prototyping & Fabrication Summer 17 26 21(15) 

Prototyping & Fabrication Fall 17 27 12(7) 

Intro to Design Fall 17 64 11(8) 

Socially Engaged Design Fall 17 24 7(7) 

 
Table 2. Example Projects from Surveyed Courses 

Course Project Examples 

Intro to  
Design 

Design  
proposals and  
documentation 

Prototyping & 
Fabrication 

Vehicle  
Design 

 

Drawing  
Machine 

 

Socially  
Engaged  
Design 

Final Projects: 
Communication  

 

Students were surveyed twice, once within the first week of 
the semester and again within the final week. In total, 51 
students participated in the start-of-term survey, yielding at 
least 42 responses to each survey item, while 38 students 
responded to the end-of term survey, yielding at least 34 re-
sponses to each survey item. While the exact make-up of the 
respondent pool changed between the start and end of the 
term, respondents were roughly divided as follows: 
• Pre-dominantly undergraduate, with 1 graduate student 
• 50% Engineering and Computer Science majors, 22% 

Design majors, and the remaining 28% from Mul-
ti-Disciplinary Studies, Arts & Humanities, Business, 
and Social Science 

• 75% female, 25% male  
• 60% self-identified as Asian or Pacific Islander, 31% 

White, and the remainder South Indian or Hispan-
ic/Latino.  

B. SURVEY INSTRUMENT 
Survey items were designed to capture information about the 
following areas:  

1. Prior making experience 
2. Academic profile, including grade level and major 
3. Career plans 
4. Interdisciplinary perspectives 
5. Identity as a designer, engineer, creative, etc. 
6. Self-efficacy in design-specific and domain-general 

skills 
7. Attitudes on group work and learning style 
8. Demographics 

This paper focuses primarily on student responses in the ar-
eas of interdisciplinary perspective (4), and efficacy in de-
sign-specific and domain-general skills (6).  
Survey items addressing design-specific skills were drawn 
from Carberry, Lee, and Ohland’s [15] validated survey in-
struments developed for engineering education research. 
Because the surveyed courses were open to students of all 
majors, we also modified a version of their instrument to as-
sess students’ comfort on more domain-general skills such 
as “thinking about an open-ended question,” “exploring 
multiple solution paths,” and “starting a task you don’t yet 
know how to complete.” While these skills are critical to 
success in making and design work, they could also be ap-
plied to learning and work in almost any discipline.  
On both the design-specific and domain-general skills, re-
spondents were prompted to indicate their comfort with each 
skill as very uncomfortable, somewhat uncomfortable, neu-
tral, somewhat comfortable, or very comfortable. For analy-
sis, these responses were quantified as 1 to 5, respectively. 
In the end-of-term survey, a free-response text box was pro-
vided for respondents to reflect on the course’s impact on 
their comfort with these skills. 
Given the emphasis within these courses on collaborative 
projects, often in groups of students from engineering and 
non-engineering disciplines, we wanted to assess the impact 
of such courses on students’ interdisciplinary attitudes. As 
we could not find such questions within engineering educa-
tion research, we adapted questions about interdisciplinary 
attitudes from the Readiness for Inter-professional Learning 
Scale [16], a validated survey instrument developed for re-
search in healthcare professions. Respondents were prompt-
ed to indicate their agreement with each statement as 
strongly disagree, disagree, neutral, agree, or strongly agree. 
For analysis, these responses were quantified as 1 to 5, re-
spectively. A free-response text box was provided in the 
end-of-term survey for respondents to reflect on how the 
course impacted their attitudes toward these statements on 
interdisciplinary work.  
 

RESULTS 
Survey responses were pooled across courses and semesters, 
yielding a total of at least 42 responses to all start-of-term 
items and at least 34 responses to all end-of-term items. Item 



 

 

 

responses were averaged by time period as either 
start-of-term or end-of-term. An F-test was performed for 
each response item to determine whether or not variance was 
equal in each population. A corresponding T-test was per-
formed to compare means for each response item, assuming 
equal or unequal variance as indicated by the results of the 
F-test. Both the F-tests and T-tests were 2-tailed to account 
for the possibility of difference in either direction. 

A. INCREASED COMFORT IN DESIGN SKILLS 
On average, respondents reported increased confidence on 
all engineering and design skills (Table 3). Respondents re-
ported statistically significant increases in confidence in de-
veloping design solutions (p-value 0.0002), constructing a 
prototype (p-value 0.018), and identifying a design need 
(p-value 0.023). On the skills of redesigning, researching a 
design need, and choosing between multiple solutions, re-
spondents reported increases that trended toward signifi-
cance (p-values of 0.058, 0.069, and 0.076, respectively).  
Table 3. Confidence in Design Skills 

Skill 

Avg. Comfort (max 5) 

p-value Start 
(43) 

End 
(34) Delta 

Develop design  
solutions 

3.21 4.00 0.79 0.0002 

Construct a prototype 3.16 3.76 0.60 0.018 

Identify a design need 3.33 3.85 0.53 0.023 

Redesign 3.42 3.85 0.43 0.058 

Research a design need 3.26 3.65 0.39 0.069 

Choose between multiple so-
lutions 

3.42 3.79 0.38 0.076 

Evaluate and test a design 3.49 3.79 0.31 0.161 

Communicate a design 3.67 3.91 0.24 0.282 

Participants were also asked to reflect on the impact of the 
design-based course on their confidence in these skill areas, 
sharing their thoughts in free-response (see Appendix A). A 
few themes emerged. Of the 23 written responses, 7 empha-
sized the value of practical experiences in these courses, 
saying “the variety of assignments helped” and that “doing 
projects directly impacts all of the [skills] above.” Student 
responses also highlighted the value of a challenge (3 of 23), 
saying that the class “provided me with critical thinking op-
portunities” and “pushed me out of my comfort zone with 
product redesign and sketching assignments.” Finally, re-
spondents noted the critical role of knowledgeable, ap-
proachable faculty and staff in fostering their growth (3 of 
23), saying “the staff … helped us make OUR ideas come 
true” and “anxiety was involved before using intimidating 
machines like a laser cutter. However, through patience and 
help of the staff, it’s easier to overcome these hurdles.” Par-
ticipants’ written reflections suggest that these areas of prac-
tice, challenge, and support were central to students’ skill 
development. 

B. IMPACT ON DOMAIN-GENERAL SKILLS 

On average, respondents reported increased comfort on all 
domain-general skills (Table 4). Respondents’ increase in 
comfort with “starting a task you don’t yet know how to 
complete” trended toward significance (p-value 0.090). In-
creases on other domain-general tasks remained positive but 
did not exhibit statistical significance. 
Table 4. Comfort in Domain-General Skills 

Participants’ written responses provided insight into the 
ways in which these courses shaped their comfort with do-
main-general skills (see Appendix A). Though “starting a 
task you don’t yet know how to complete” and “working on 
ambiguous task” didn’t show statistically significant in-
creases, they emerged as prominent themes in participants’ 
written reflections (7 of 23). Students reported that they 
were “more comfortable jumping into a task without know-
ing the exact solution” and that “lots of projects started out 
without a clear direction, but I learned how to develop direc-
tion.” They also cited prototyping and “trying things out” as 
helpful strategies for tacking open-ended problems (5 of 23), 
explaining that “making a fast prototype can take away a lot 
of the pressure of starting a project/idea that I’m not sure 
about.” Developed within a design context, comfort with 
ambiguity and willingness to work with uncertainty are 
skills that can serve students well in other domains as well. 

C. GROWTH IN INTERDISCIPLINARY PERSPECTIVES 

Overall, respondents tended to increase their agreement with 
statements supporting interdisciplinary work and decrease 
their agreement with statements critical of it (Table 5). Spe-
cifically, participants reported a statistically significant in-
crease in perceived value of learning with students from 
other academic disciplines – a 0.52 point increase on a 
5-point scale (p-value 0.020). Respondents did report in-
creased agreement with the critical statement “learning with 
students from other disciplines will slow my own learning,” 
though the increase was from “disagree” (1.98) to some-
where between “disagree” and “neutral” (2.17) and was not 
statistically significant. 
 
 
 

Skill 

Avg. Comfort (max 5) 
p-value Start 

(43) 
End 
(34) Delta 

Starting a task you don't yet 
know how to complete 3.26 3.65 0.39 0.090 

Working on an ambiguous 
task 3.33 3.71 0.38 0.127 

Thinking about an open-ended 
question 3.86 4.09 0.23 0.281 

Exploring multiple possible 
solutions 4.16 4.38 0.22 0.194 

Executing procedures 4.35 4.47 0.12 0.421 

Following precise  
instructions 4.49 4.53 0.04 0.789 



 

 

 

Table 5. Interdisciplinary Attitudes 

Statement 
Average Response 

p-value Start 
(42) 

End 
(35) Delta 

Learning with students from 
other academic disciplines is 
critical to becoming effective in 
my discipline. 

3.79 4.31 0.52 0.020 

Communication skills are best 
learned with students from oth-
er academic disciplines. 

3.86 4.06 0.20 0.316 

Learning with students from 
other academic disciplines will 
slow my own learning. 

1.98 2.17 0.20 0.402 

It's necessary to work with 
people from diverse academic 
backgrounds to effectively ad-
dress complex design prob-
lems. 

4.40 4.49 0.08 0.675 

Learning with students from 
other academic disciplines will 
help me think more positively 
about other disciplines. 

4.12 4.14 0.02 0.910 

Explaining complex ideas to 
people from different academic 
disciplines can waste valuable 
time. 

2.17 2.14 -0.02 0.924 

Work can proceed more effi-
ciently and effectively if eve-
ryone on the team brings the 
same academic background. 

2.57 2.44 -0.13 0.603 

I have to acquire much more 
knowledge and skills than stu-
dents in other academic disci-
plines. 

2.74 2.56 -0.18 0.503 

Participant’s written responses echoed these findings (see 
Appendix A). They spoke about rich opportunities to learn 
from one another (4 of 23 responses), saying, “I feel like I 
can learn a lot just working with my partner” and “we were 
all able to learn from each other.” Respondents also empha-
sized the new perspectives brought by their peers (4 of 23 
responses), mentioning that “people from other disciplines 
often times bring new perspectives and suggestions which I 
would not have been able to find on my own” and that stu-
dents from other majors “offered a lot of industry specific 
insight that I wouldn't have learned about otherwise.” Some 
students expressed interest in continuing interdisciplinary 
work in the future, with one respondent writing that “work-
ing with people from different backgrounds is one of the 
most amazing aspects of this course, and I hope to continue 
doing that in the future.” These reflections suggest that stu-
dents’ experiences with group-based making helped them 
appreciate the value of interdisciplinary work. 

Importantly, some students also recognized the challenges of 
interdisciplinary work. One student wrote, “there was a 
communication gap that made work somewhat awkward,” 
and another mentioned challenges within a group that “often 
lacked necessary skills as a whole.” Acknowledging these 

challenges of communication and incomplete skill sets is al-
so important to successful interdisciplinary work.  

 
DISCUSSION 

The results of this survey study suggest important areas in 
which making and design work can contribute to under-
graduate education, for engineering and non-engineers alike. 
We saw growth, on average, in respondents’ design-specific 
and domain-general skills. Within design-specific skills, the 
statistically significant gains across multiple stages of the 
design cycle, from identifying a design need to developing 
design solutions to constructing prototypes, support 
oft-made claims about the value of design work as part of 
undergraduate engineering education. Importantly, these re-
sults emerged from a respondent population that was only 
50% engineering students. We acknowledge limitations of 
our approach – based solely on students’ self-assessment and 
without comparison to a more traditional, theory based class 
– and also see this work contributing to the growing body of 
research on the benefits of making for undergraduate engi-
neering students [17-22]. We also emphasize that partici-
pants’ written reflections highlight key factors behind this 
skill development, namely opportunities for practice, chal-
lenge, and expert support. 
Results also indicate that students’ domain-general skills al-
so increased, on average, as a result of these making and de-
sign courses. Though we anticipated more significant growth 
in the domain-general skills, we are encouraged by the posi-
tive trend on all response items. Given the high start-of-term 
rankings – all items scored “neutral” or higher – we also 
suspect students may have overestimated their comfort with 
these skills in the start-of-term survey. Indeed, some re-
spondents noted that the course helped them appreciate that 
they “have a lot of growing to do in some of those areas.” 
Thus, we interpret the lack of statistically significant growth 
as indicating more accurate appreciation for the challenges 
these skills present. 

Finally, results suggest that respondents’ experiences in the-
se design-based courses increased their appreciation for both 
the opportunities and challenges of interdisciplinary work. 
Student responses indicate that these design-based courses 
impressed on them the value of interdisciplinary work, not 
only for solving complex problems but also for becoming 
expert in their own domains. While we anticipated statistical 
significance for a greater number of items, we also note that 
43% of respondents had previously taken an interdiscipli-
nary, project-based course. Thus, reduced impact of the par-
ticular courses surveyed may be due to prior exposure rather 
than deficits of the courses themselves. Participants’ written 
responses also indicate that they gained a greater apprecia-
tion for the complexities of interdisciplinary work, especial-
ly in communicating across diverse backgrounds and do-
mains. Such interdisciplinary, project-based courses should 
explicitly support students in addressing these challenges.  

We see this work as an early step in understanding the role 
of making in institutions of higher learning. Future work 
would increase the surveyed population and stratify results 



 

 

 

by major and background experience to determine any dif-
ferential impacts. Pairing these survey methods with 
in-depth interviews or longitudinal case studies would also 
help better characterize how making shapes learning on col-
lege campuses, and where we as educators can alter or tailor 
our programs to better serve students.  

 

CONCLUSIONS 
In this paper, we shared early findings from an empirical 
study of college making- and design-based courses. By se-
lecting courses that enroll students across a range of disci-
plines, we worked to characterize the impact of maker-based 
courses for engineering students and non-engineering stu-
dents alike. Our findings suggest across-the-board growth in 
design-specific skills, especially developing a design, proto-
typing, and identifying design needs. We also saw positive 
trends in domain-general skills such as tackling ambiguous 
or open-ended problems. Encouragingly, the mix of students 
from across disciplines had a significant impact on respond-
ents’ interdisciplinary attitudes, particularly in students rec-
ognizing the role of interdisciplinary work in developing 
expertise in their own domain. Respondents also highlighted 
some difficulties of interdisciplinary work, suggesting new-
found appreciation for those challenges and that students 
might be even better served by making-based courses that 
address those challenges. 
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APPENDIX A: WRITTEN RESPONSES 
 
Table A1. How did your experiences impact your comfort with the design-specific and domain-general tasks? 

Theme Number of Responses Examples 

Opportunities for 
practice 
 

7 
 

The variety of assignments helped.  
Many of the projects, not to say all of them required prototyping, testing evaluating, redesign-
ing and finally communicating. Thus, I have gained a great experience in performing the tasks 
required whether they were part of a personal or group project. 

Challenged to leave 
comfort zone 
 

3 

Pushed me out of my comfort zone with product redesign and sketching assignments as well 
as in-class crits 
I learned to reframe when faced with a roadblock while tackling a design question, test and 
evaluate different possible solutions, and create multiple prototypes to discover the most via-
ble and successful design solution. 

Help from others 3 

The class was very nice and supportive, and the staff at the invention lab helped us make OUR 
ideas come true in such a limited time frame.  
I learned how to use a lot of new machinery and many times, anxiety was involved before us-
ing intimidating machines like a laser cutter. However, through patience and help of the staff, 
it's easier to overcome these hurdles.  

Comfort with am-
biguous tasks 

7 
 

I am more comfortable with jumping into a task without knowing the exact solution by proto-
typing and iteration. 
lots of projects started out without a clear direction, but I learned how to develop a direction 

Other 3 More comfortable prototyping 
Total 23 -- 

 
 

Table A2. How did your experiences impact your attitudes toward the statements on interdisciplinary learning? 
Theme Number of Responses Examples 

Appreciation 
 5 

Actually experiencing, rather than just hearing, "Having a diverse team is important" was 
awesome and I now have a lot more respect for that saying.  
Working with people from different backgrounds is one of the most amazing aspects of this 
course, and I hope to continue doing that in the future 

Communication 2 I learned to better communicate and work alongside other students from a different academic 
field 

Filling in gaps 2 I am bad at electronics, others aren't  

Learning from each 
other 4 

I feel like I can learn a lot from just working with my partner 
It's so cool seeing people from all different majors come together to make projects. In CS, and 
my partner was architecture, which made for a very strong combination in which I learned a 
lot about how to design.  

New perspectives 4 

People from other disciplines oftentimes bring new perspectives and suggestions which I 
would not have been able to find on my own. 
I've interacted with business and engineer majors and they offered alot of industry specific 
insight that I wouldn't have learned about otherwise. 

Challenges 3 

We were all inexperienced together. That sounds like a good thing, but sometimes I wish we 
could've talked to other fields (like Materials Science). We all often had to make things up as 
we went rather than use established methods. 
I thought that working with people from other disciplines would be beneficial, but I think there 
was a communication gap that made work somewhat awkward - this might have been my 
fault, but I didn’t learn anything from my partner being a different major - the work was very 
class related and we distributed work to match skill type  

Other 3 
My partner was a physics major dreamer. Did not put in the full effort to get everything done 
outside of class like i did. 
LEARNING CURVE 

Total 23 -- 
 


