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INTRODUCTION 

In recent years, new makerspaces have been implemented on 

college campus across the United States and around the world 

[1-3]. These spaces allow the development of prototyping 

skills that may be absent in traditional curricula [4] and the 

open nature of many makerspaces has been reported to allow 

for students to feel a sense of belonging and ownership [5]. 

As with any emerging trend in engineering education, there 

has been a wealth of researchers attempting to measure, un-

derstand, and optimize their benefits. Many have reported on 

academic makerspace creation, development, and integration 

into engineering curricula [6]. Yet, there is still a great need 

for more empirical studies investigating the impact these 

spaces have on the students who use them. 

In 2016, Hartmann [7] laid out a proposed research agenda for 

academic makerspaces. This agenda includes themes struc-

tured around discovering the benefits users gain from their 

time in the space. The following year, Rosenbaum and 

Hartmann [6] presented a review of the literature involving 

the creation, management, and impact of academic mak-

erspaces entitled, “Where be Dragons? Charting the Known 

(and Not So Known) Areas of Research on Academic Mak-

erspaces”. The paper grouped published works on academic 

makerspaces based on their intent to determine which areas 

had been thoroughly explored and which needed further in-

vestigation. This survey of the literature found significant 

gaps in data-driven studies of student experiences. 

We present preliminary findings from the first 2 years of this 

5-year study into how makerspace involvement impacts stu-

dents as a subset of a joint effort between researchers at the 

Georgia Institute of Technology, James Madison University, 

and Texas State University to more fully understand the im-

pact of academic makerspaces on engineering students, par-

ticularly in regards to developing engineering design skills 

through data-driven research [8]. Ultimately, each university 

will track a cohort of students throughout their undergraduate 

career, collecting data at several points in the curriculum. 

Data collected will include each student’s level of involve-

ment in their respective university makerspace, GPA, and a 

survey on engineering design self-efficacy. This will allow 

for observation of how students develop their skills and 

self-efficacy throughout their undergraduate career and how 

involvement in makerspaces may impact this development. 

To this point, only data from Georgia Tech has been analyzed 

and reported [9-12] so far. While this study is incomplete, the 

preliminary findings show significant impacts of students 

who use academic makerspaces. Combining the results of 

three previous studies [10-12] paints a larger picture of where 

the project is going and begins to “slay the dragon” of un-

derstanding the impact of academic makerspaces and point to 

further potential for the project. 

METHODOLOGY 

Data was collected from students in a freshman-level intro-

duction to engineering graphics course at Georgia Tech over 

four semesters following an IRB-approved research method 

(H13277). This data was collected via survey in the course 

and the students were offered extra credit on a class project. 

The survey consisted of three major parts: 1) makerspace 

involvement, 2) engineering design self-efficacy, and 3) 

demographic information. During these semesters, the stu-

dents were given the survey at both the beginning and the end 

of the course. 

The maker involvement survey asked students whether or not 

they used the equipment in the makerspace and for what type 

of projects. Using this info, the students were grouped into 

three categories based on their involvement. 

 No Involvement: students who have never used the 

equipment in the makerspace 

 Class-Only Involvement: Students who have only used 

makerspace equipment for class projects 

 Voluntary Involvement: Students who have used mak-

erspace equipment for projects outside of class assignments 

(e.g. personal projects, entrepreneurial projects, etc.) 

These categories allow for the students who choose to use the 

makerspace by their own volition to be singled out and 

compared to the students who have not. 

The engineering design self-efficacy (hereafter, self-efficacy) 

questions were from work by Carberry, Lee, and Ohland [13]. 

These questions ask the students to rate their ability to con-

duct engineering design tasks through four lenses: Confi-

dence, Motivation, Expectation of Success, and Anxiety. 

Together, these four lenses can be used to understand how 

able students feel they are equipped to conduct engineering 

design tasks. Self-efficacy can be a valuable measurement to 

predict student success, retention in engineering curriculum, 

and even willingness to contribute to the engineering com-

munity [14-16].  

Students were also grouped into categories based on the final 

project assigned for their introduction to engineering graphics 

course. This final project involves modeling a product using 

computer-aided design (CAD) software. However, the re-

quirements of this project differ slightly between the four 

instructors of the course. Three of the professors have begun 



  

to require their students to have their model 3D printed. Two 

of these professors required students to go to the makerspace 

and print the parts themselves while one professor printed all 

of the parts for the students using a batch print so the students 

were not required to use makerspace equipment themselves. 

However, the current makerspace cannot support all students 

printing the models themselves; therefore, the remaining 

professor did not require the model to be printed. The cate-

gories based on these project requirements are defined below: 

 No Print: a 3D print was not required for the project 

 Group Print: a 3D print of the models was created for the 

students as part of a batch print 

 Self Print: the students were required to use makerspace 

equipment themselves to generate their 3D print 

These students were compared to see how many students 

became involved during the semester. This was done by ob-

serving how many students moved from the No Involvement 

designation to the Voluntarily Involvement designation. 

An earlier study done by Morocz, et al. [10], showed en-

couraging results indicating that students who chose to spend 

time in the makerspace were found to have a higher motiva-

tion to conduct engineering design. Students involved in the 

makerspace were also found to have lower anxiety while 

conducting engineering design tasks. However, these results 

could not prove causation since the data was only correla-

tional. It may have been that students with higher motivation 

and lower anxiety were more likely to become involved in the 

makerspace instead of the makerspace causing these trends. 

In order to truly understand the effects makerspaces are 

having on students, a longitudinal study of students before 

and after they became involved in the space was conducted. 

Therefore, in the following semester, student data was col-

lected at the beginning and end of the freshman engineering 

graphics course from 330 true freshmen students.  Hilton, et 

al. [11], used the survey on makerspace usage involvement to 

determine students’ involvement at the beginning and end of 

the semester. The surveys resulted in data showing the 

change in involvement during the semester, which was used 

to sort students into three groups as shown in Tab. 1.  The 

students in each involvement group were compared before 

and after taking the course to see how changing involvement 

groups impact self efficacy. The results of these studies are 

presented in the following section. 

RESULTS AND DISCUSSION 

This section shows how involvement in an academic mak-

erspace improved students’ engineering design self-efficacy, 

what factors may encourage students to become involved in 

an academic makerspace, and the conclusions drawn from 

taking both of these results into account. 

A. CAUSATION SHOWN THROUGH A LONGITUDINAL STUDY 

The results of the pre-course are shown in Fig. 1a. To de-

termine significance, a two-sample t-test with equal variances 

was run between groups of interest. The Always Involved 

students had better engineering design self-efficacy than the 

Never Involved students with statistically significant higher 

scores in confidence (t=4.39, df=172, p<0.001), motivation 

Tab. 1 Determination of Involvement change group based on in-

volvement at beginning and end of the semester 

Beginning End Involvement 

Change Group of Semester of Semester 

No Involvement 

No 

Involvement 
Never Involved 

Class-Only 

Involvement 
NS 

Voluntary 

Involvement 
Became Involved 

Class-Only 

Involvement 

No 

Involvement 
NP 

Class-Only 

Involvement 
NS 

Voluntary 

Involvement 
NS 

Voluntary 

Involvement 

No 

Involvement 
NP 

Class-Only 

Involvement 
NP 

Voluntary 

Involvement 
Always Involved 

NS – not studied as a part of this paper, but potential future work 

NP – not possible due to the language of the survey 

 

 

 

Fig. 1 Engineering Design Self-Efficacy scores from a) 

beginning of course and b) end of the course of each in-

volvement change group, with standard error 
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(t=2.05, df=172, p=0.04), and expectation of success (t=3.25, 

df=172, p=0.001) and statistically significant lower scores in 

anxiety (t=-2.84, df=172, p=0.005). The differences between 

the Always Involved students and Became Involved Students 

was significantly different in confidence (t=2.73, df=64, 

p=0.008), expectation of success (t=2.31, df=64, p=0.02), and 

anxiety (t=-2.31, df=64, p=0.02), but there was no significant 

difference in motivation for these two groups. The only sta-

tistically significant difference between the Never Involved 

and Became Involved group was in motivation (t=2.21, 

df=184, p=0.03). The residuals of all tests were evaluated and 

determined that the normality and homogeneity of variance 

assumptions were held. 

These comparison between the Always and Never Involved 

groups support the findings made by Morocz, et al. [10], that 

involved students have higher motivation and lower anxiety, 

but also suggests that these students have higher confidence. 

However, observing that students in the Became Involved 

group have higher motivation than students in the Never In-

volved group before the students became involved indicates 

that high motivation to conduct engineering design may be a 

factor that leads students to become involved in makerspaces. 

To build on these results, the same students were compared at 

the end of the semester. The post-course EDSE scores can be 

seen in Fig. 1b. At the end of the course, the only statistically 

significant difference between the Always Involved and 

Never Involved groups was in motivation (t=2.78, df=172, 

p=0.006). The Became Involved and Never Involved groups 

also had a statistically significant difference in motivation 

(t=3.10, df=184, p=0.002), but also saw statistically signifi-

cant difference (at α=0.10) in confidence (t=1.76, df=184, 

0.08) and expectation of success (t=1.73, df=184, p=0.09). 

There were no significant differences between any of the 

groups in anxiety. 

The confidence and expectation of success scores were not 

significantly different between the Never Involved and Be-

came Involved groups before the students in the latter group 

became involved in a university makerspace. After, these 

students became involved, a significant difference was seen 

between the two groups. This suggests that becoming in-

volved in a university makerspace increases confidence and 

expectation of success when conducting engineering design. 

B. IMPROVING STUDENT INVOLVEMENT 

With statistically significant results showing the benefit of 

becoming involved in a university makerspace, Hilton, et al. 

[12], investigated what factors led to students choosing to 

spend their time in a university makerspace. One expected 

factor for encouraging students to become involved was 

having a class project requiring the students to use mak-

erspace equipment.  

Over a span of three semesters, students who began the se-

mester with no previous experience in the makerspace 

(members of the No Involvement group) were observed in the 

three groups based on their engineering graphics project re-

quirement (Self Print, Group Print, and No Print). Fig. 2 

shows the percentage of students who moved from the No 

Involvement group to the Voluntary Involvement group 

during the semester. In total, there were 689 students with no 

previous makerspace involvement. Of the 123 students in the 

Self Print sections of the course, 52 students (42.3%) used the 

makerspace for projects other than a class assignment. Of the 

294 students in the Group Print sections, 75 students (25.5%) 

became voluntarily involved. Of the 272 students in the No 

Print sections, 61 (22.4%) became voluntarily involved. 

To compare these percentages, an N-1 Chi-Squared test of 

proportions was used between pairs. There was a significant 

difference between the proportion of students who became 

highly involved from Self Print sections and Group Print 

sections (χ
2
=11.5, N=417, df=1, p<0.01) and between Self 

Print and No print sections (χ
2
=16.3, N=395, df=1, p<0.01). 

There was no significant difference between the Group Print 

and No Print sections (χ
2
=0.735, N=566, df=1, p=0.39).  

These results suggest that assigning a project that requires 

students to use makerspace equipment themselves increases 

their chance of becoming involved in the space. Students in 

the Self Print sections were nearly twice as likely to choose to 

spend time in an academic makerspaces as the other students.  

 

Fig. 2 Percentage of students with no previous involvement who 

became voluntarily involved, shown with counts. The Not Volun-

tary group consists of students who ended the semester in either 

the No Involvement group or the Class-Only Involvement group 

C.  CONCLUSIONS  

Makerspaces have become increasingly popular in recent 

years, and several studies have shown the potential benefit 

these spaces could have on students. However, while there 

has been a wealth of work investigating how a college or 

university can successfully establish and grow these spaces, 

more work needs to be done on how these spaces can be used 

to improve the students who use them. Moreover, studies 

need to be done on identifying the students who may most 

benefit from makerspaces and how we can encourage them to 

use the space voluntarily. 

In this work, we gained a greater understanding of how be-

coming involved in academic makerspaces impacts students. 

Students who choose to spend time in makerspaces develop 

higher confidence and a higher expectation of success when 

conducting engineering design tasks. This higher 

self-efficacy to conduct engineering design will greatly assist 
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these students as they continue through engineering curricu-

lum and in their careers beyond.  

The studies also show that students with higher motivation to 

conduct engineering design may be more likely to choose to 

spend their time on projects in a makerspace with no inter-

vention. However, there may be other factors that could en-

courage students with lower motivation to become voluntar-

ily involved in a makerspace. This study has shown that as-

signing students a project that only requires students to use a 

single piece of equipment available in a makerspace doubles 

their likelihood of using the makerspace for additional pro-

jects outside of the class assignment. This brief exposure to 

the space could be enough to encourage students to join a 

space proven to increase their self-efficacy, potentially im-

proving their sense of self-worth in the engineering commu-

nity. As higher education’s primary goal is to develop stu-

dents into well-equipped members of society, the ability of 

makerspaces to improve students’ self-efficacy is encourag-

ing. However, to truly understand the impact of these spaces, 

more work must be done on how these spaces impact students 

throughout their undergraduate curriculum and beyond. 

FUTURE WORK 

This paper presents results from the first two years of a 

five-year study. As the study continues we hope to address 

several more questions as to how students are impacted by 

their involvement in academic makerspaces. This will be 

done through more complete longitudinal studies, compari-

sons between makerspaces at different universities, and ad-

ditional data collection. 

As students progress through the engineering curriculum, 

their data will continue to be collected at strategic points to 

allow for insight into how their skills and self-efficacy are 

developing as their involvement in an academic makerspace 

changes. The studies shown in this paper have shown how a 

longitudinal study can be highly beneficial in indicating what 

benefits students are gaining from makerspace involvement 

and what factors may lead to makerspace involvement. 

Tracking students throughout their entire curriculum will 

allow for stronger and more meaningful correlations to be 

drawn. This longitudinal study will also allow for the inves-

tigation of how makerspace involvement may impact things 

like retention in engineering programs, graduation rates, and 

impacts on GPA.  

This study also includes three diverse universities. As data is 

collected from Georgia Tech, James Madison University, and 

Texas State University, a more diverse population of students 

will be able for investigation. This diversity will allow for 

questions to be answered about the impact of makerspaces on 

certain groups such as under-represented minorities and 

first-generation college students. The diversity of the mak-

erspaces and universities themselves will also serve to de-

velop a more thorough list of best practices for universities 

who want to reach every demographic more effectively. 

More diverse types of data will allow this study to improve 

the breadth and depth of understanding of the impact of 

makerspaces. Having students complete idea generation tasks 

at different points in the curriculum will allow investigation 

into how students’ ability to develop solutions to problems is 

impacted by the prototyping experience gained in a mak-

erspace. Qualitative work has been, and will continue to be, 

carried out by Tomko, et al. [17, 18], to gain a greater depth of 

information on why students become involved in mak-

erspaces and how the community and culture of spaces im-

pacts their learning experiences. All of these studies will go a 

long way in “slaying the dragon” of gaining a better under-

standing of university makerspaces. 
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