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University Maker Spaces: Discovery, Optimization and Measurement of 

Impacts 
 

Abstract 

 

It is essential that modern engineers not only master engineering science and analysis, but they 

must also learn to drive the next generation of design, creation, and innovation. In parallel to the 

success of community maker spaces outside of academic settings, many universities are moving 

beyond traditional machine shops and building multi-disciplinary maker space design centers. 

This project seeks to understand and use these new environments to achieve elusive aims in 

engineering education such as improving at-risk student retention, fostering diverse learning 

environments, and promoting multi-disciplinary teams. We will also investigate the potential of 

maker spaces to positively influence females and minorities and thereby broaden participation in 

engineering.  

 

Impact will be measured through engineering design self-efficacy; retention in the engineering 

major; and idea generation ability. Impacts will be measured at two levels. The first level of the 

project will use a randomly assigned experimental design to assess the impact of early maker 

space engagement on females and minorities through longitudinal measurements. In the second 

level, we compare segment snapshots and longitudinal measurements between extensive maker 

space users and those with minimal exposure. We will also identify best-practice approaches and 

guidelines for designing maker spaces, through discussions and interviews with leaders of maker 

spaces from educational institution around the country.  

 

Introduction 

 

It is essential that the 21st century engineer is creative and innovative in order to solve the 

problems of the future 
1
, and these skills can be taught and nurtured

2-4
. This can be a challenge 

due to lack of resources and limited time available in engineering curriculums.  

 

Fostering the maker spaces environment may be one solution to cultivating creativity and 

innovation in universities. Maker spaces can become a supplemental part of traditional 

engineering education by offering a different way of learning. The benefits of maker spaces on 

education have been recognized by many universities, leading to the development and 

improvement of their student design spaces to become something different from the customary 

machine shop. Maker spaces provide an interdisciplinary center that promotes collaboration and 

hands-on engineering by empowering the users with the tools to design, prototype, and test their 

creations.  

 

There have been some studies about the maker space phenomenon outside educational 

institutions but few that have focused on universities’ maker spaces and their impact on the 

students 
5, 6

. We believe that the impact of university maker spaces goes well beyond improving 

creativity and innovation. These spaces could increase retention of students in STEM related 

fields and improve their confidence when solving technical problems because they highlight the 

creative aspects of engineering and build a community of practice that increases students’ sense 

of belonging.  
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The two main objectives of this project are to assess the impact of university maker spaces on the 

student population and to determine the best practices and novel approaches associated with 

development of highly effective university maker spaces. Both of these objectives will be 

implemented in the construction of general and transferable guidelines for universities desiring to 

develop, or improve their maker space. 

 

To determine the impact of university maker spaces on the student population, the project will 

focus in two different areas. The first area encompasses the effect of maker spaces on students 

with a particular focus on women and underrepresented minorities. This will be studied through 

a longitudinal randomly assigned experiment. The second area will focus on comparing the 

students that are highly involved in maker spaces against minimal engagement students. 

 

Determining the best practices and novel approaches associated with the development of 

university maker spaces will be achieved by collecting data through interviews with leaders of 

maker spaces from educational institution around the country.  

 

The project will be mainly focused on the following three universities: Georgia Institute of 

Technology, James Madison University, and Texas State University. The focus on these 

universities is important because they possess maker spaces in three different phases of 

development. Georgia Institute of Technology has a well-established maker space called the 

Invention Studio, the maker space at James Madison University is maturing and Texas State is in 

the first steps of development of a maker space. Simultaneously studying university maker 

spaces in three different levels of development can be extremely valuable in the creation of 

related best practices. Also, this multi-university project will allow capturing more representative 

sample population.  

 

Georgia Institute of Technology’s maker space, the Invention Studio, is an example of a fully 

developed, student-run university maker space. Figure 1 shows images of the Invention Studio. It 

is characterized for its free and open access policy, and it is utilized by student and faculty for 

class, personal, and research oriented projects. The Invention Studio is staffed with more than 70 

students. These students are responsible for the maintenance, safe use, and management of the 

studio. The Invention Studio has been the focus of a study that identifies the culture and 

characteristics associated with this university maker space 
7
.  
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Figure 1: The Invention Studio has significant potential to transform engineering 

education. 

 

James Madison University Department of Engineering has been developing its maker space since 

the program’s founding in 2008. In order to nurture and promote its design-build-test mentality 
8
, 

the program has developed four general purpose spaces and two studios (freshmen and 

sophomore studio) with restricted use. All these spaces are staffed with full time lab managers or 

undergraduate Teaching Assistant (TA), and with the exception of the freshmen studio, they 

have open hours in the afternoon and evenings. 

 

Specific tool purchases for the Texas States University’s Bobcat Maker Space will be tailored to 

take advantage of the best practices determined from the first two years of this proposal.   

 

Background  

 

One of the engineering education’s most elusive goals has been to increase the recruitment and 

retention of women and underrepresented minorities. Based on our experience with the Invention 

Studio, we believe that university maker spaces offer an environment that could increases 

recruitment and retention of these groups. In the 1990s, two influential studies discovered that 

the lack of self-confidence, boredom, and disappointment with the required courses were 

significant factors in the disproportionate amount of people from these groups dropping out of 

STEM related fields 
9, 10

. Besides the academic factors (e.g. difficulty of curriculum) influencing 

the decision of leaving engineering, Marra et al. discovered that non-academic factors such as the 

lack of belonging in engineering also affected the decision 
11

. We believe that self-efficacy or 

“the beliefs in one’s capacity to organize and execute the courses of action required to produce 

given attainments” 
12

, can help to strengthen the feeling of belonging in engineering. Having 

high self-efficacy is particularly important for engineering students because it can be related to 

their perseverance despite difficulties and obstacles 
13

. Students with high self-efficacy will 

maintain the same amount of effort even after facing failure because of their belief in themselves 
14

.  There is a strong relationship between the amount of engineering experiences and 

engineering design self-efficacy 
15

. Additionally, self-efficacy has been found to positively affect 
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the retention of student in difficult courses (e.g. engineering courses) 
16, 17

.  We believe that the 

culture and activities associated with maker spaces can greatly affect self-efficacy, and 

ultimately improve retention of the women and minorities population. 

 

Increasing the confidence (self-efficacy) of women has been related to their retention in 

engineering 
18

. Other factors that positively affect retention are the availability of role models, 

and mentors that can demonstrate balance between successful work and personal life 
17, 19

.  

University maker spaces are an example of a community were students take role model and 

leadership position.   

 

There are other ways in addition to improving retention that university maker spaces can 

improve engineering education. Promoting informal learning, prototyping and building are 

important aspects of the maker space culture which can benefit practices for the student 

population. The maker space culture promotes informal learning, which can account for the 

majority of learning in organizations
20-22

. Additionally, informal learning allows students to 

retain content better than traditional education
23, 24

. Creating and building physical representation 

is extremely important practice in engineering design. Physical models are used by student 

design teams to identify issues with their ideas
25-27

. Physical representation can enhance the 

transmission of information as well as the understanding of a design 
28

. Maker spaces empower 

the users with the tools to create physical models of their ideas. Since there is value in creating 

physical representations, the use of this model and representations has been encouraged by 

researchers 
29, 30

. 

 

Research Plan 

 

The two main objectives of this paper are to measure the impact of maker spaces developed 

within academic institutions on students and to determine the innovative approaches and best 

practices associated with the development of university maker spaces. The study of the impact 

will be approached in two different ways: through a randomly assigned longitudinal experiment 

which will focus on the impact on women and minority populations, and through the comparison 

of students that are highly involved in the university maker space to students that have minimum 

involvement.  

 

By answering the following three research questions we will be able to measure the impact of 

maker spaces on students: 

1. By engaging women and under-represented minorities in maker spaces at the beginning 

of their careers, can we increase retention rates?  

2. To what extent are there differences between students who participate frequently in 

maker spaces (high involvement) and our typical engineering student (low involvement)?   

3. To what extent do maker spaces impact students’ idea generation abilities and design 

self-efficacy? 

 

The effects of the early engagement in maker spaces on the women and underrepresented 

minorities population will be measured through a randomly assigned four year longitudinal 

experiment. In this experiment, participants will be exposed to the type of activities that can be 

performed at the Invention Studio, the Georgia Institute of Technology’s maker space. The 
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participants will be randomly divided into a control and experimental group. Both groups will 

participate on a guided tour through the Invention Studio and then work on a small project that 

will show them a possible use of the prototyping machines. The experimental group will be 

further engaged by working on hands-on prototyping activities using multiple resources that are 

readily available in the Invention Studio. The following metrics will be used to compare the 

difference between the two groups throughout the 4 years of the project: retention in engineering 

and major, graduation rates, GPA, design self-efficacy, demographics (gender, race, and 

ethnicity), and idea generation ability. 

 

A quasi-experimental approach will be used to compare students that are highly engaged in 

university maker spaces to those that are not. This study will be performed at the Georgia 

Institute of Technology, James Madison University, and Texas States University. Participants 

will be recruited from multiple engineering design classes (e.g. capstone courses) and they will 

self-report their engagement in the university maker space throughout their career. This data will 

be used to separate the participants into high and low involvement groups. The following metrics 

will be used to determine the difference between the two groups: graduation rates, GPA, design 

self-efficacy, demographics (gender, race, and ethnicity), and idea generation ability. 

 

Metrics 

 

To quantify the impact of university maker spaces on students the following data will be 

gathered: cumulative and major GPA and retention in major. 

 

Data corresponding to design self-efficacy will be collected by administering an instrument 

developed by Carberry, et al 
14

. The self-efficacy instrument is divided into four areas: anxiety, 

expectancy of success, motivation, and self-efficacy when working on engineering design related 

tasks. The participant will be asked to rate themselves in nine different situations related to the 

four areas previously discussed. 

 

To measure idea generation ability, the four metrics developed by Shah et al. will be 

implemented [82]. The participants will be asked to come up with ideas to solve a specific design 

problem and the solutions will be graded by quantity, quality, novelty, and variety of ideas 

submitted. Since this test will be given every year for four years, the specific design problem will 

have to vary, and at the same time, be equivalent. Five previously tested equivalent design 

problems will be used
31-33

. Some examples of comparisons between high, and low quality, and 

novelty solutions for a design problem can be seen in Figure 2. 

 

 
Figure 2: Examples of high and low quality along with a range of novel ideas. 

High Quality, Novel Ideas

Lower Quality, Less Novel IdeasHigh Quality, Novel Ideas

Lower Quality, Less Novel Ideas
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Data Analysis Plan 

 

Data from the randomly assigned experiment on the impact of the Invention Studio on women 

and minorities will include retention rates for both in major and in engineering, graduation rates, 

design self-efficacy and idea generation ability. We expect the metrics to be independent and to 

only see effects for some of the outcome variables, so we do not plan to use multivariate 

approaches such as MANOVA. Retention in engineering and major will be analyzed using 

logistic regression with GPA and SAT scores as covariates. ANOVA will be used for the Idea 

Generation Ability metrics (quantity, novelty, and variety) and for the Design Self-Efficacy.   

 

Current Results 

 

Given the large amount of participant this project requires, there will be multiple first 

engagement sessions in the longitudinal study in order to accommodate this number. A group of 

22 students has been recruited. Also, a group of 26 participants was surveyed in the Georgia 

Institute of Technology’s capstone course; data collected from this group will be used in the 

comparison of high against low maker space involvement students. The survey mainly asked for 

contact and demographic information, but also basic knowledge about the Invention Studio and 

whether they use the invention studio for school or personal purpose. The next step for the 

capstone group will be to measure idea generation ability, self-efficacy, and self-reported weekly 

involvement in the Invention Studio. The participants of the longitudinal study will be surveyed 

and randomly separated into two groups. The experimental group will then be contacted to 

participate in another prototyping activity. 

 

 Identifying Novel Practices for Maker Spaces- Moving Beyond Traditional Machine Shops 

 

To further extend the impact of this work and to provide avenues for improving university maker 

spaces, we will identify and document other approaches, including both common and novel 

practices. In this documentation project, it is possible that the effectiveness of many of the novel 

practices will not be determinable from the data collected. This data will show correlations 

between outcomes but will not determine causality. The documentation follows an empirical 

product study method which has been used to develop design for X principles (e.g. design for 

flexibility), characteristics of innovative products, environmental guidelines, and design 

taxonomies
34-38

. It is an efficient, low-resource approach for studying a wide range of features. 

Inherently a qualitative approach, it will identify patterns, provide guidelines, and highlight areas 

for further study. 

 

We will form a user group of faculty and staff who are engaged in developing or improving their 

universities’ maker spaces. Virtual meetings will be held where intermediate data and findings 

can be presented.  Comments, feedback, and further insights on initial best practices will be 

sought prior to the publication of the work or the initial formal webinars.  

 

The process of identifying and documenting the design features along with novel approaches and 

practices has begun with identifying maker spaces and reviewing available literature (websites, 

conference papers, university reports, etc.). Further work in this area is being done concurrently 
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by the authors 
39

.  Through participation at the NCIIA Open 2013 session on “Spaces of 

Innovation” we have identified over twenty university maker spaces and established contacts at 

each.  We will lead cross-university discussions of how to identify best practices and novel 

approaches. We will also survey existing maker and hacker spaces outside the university (e.g., 

TechShop, Freeside Atlanta) to leverage some of their practices and innovative approaches. 

Many are likely to have developed other low-cost solutions. For example, many maker spaces 

outside the university setting occur in old or disused buildings, people’s garages and other low-

cost or under-utilized spaces. We will also implement more formal, structured interviews to 

gather data. The initial list of best practices and novel approaches will be present to the user 

group prior to publication or presentation in more formal webinars.  
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