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Student Perceptions of and Learning in Makerspaces Embedded in their 

Undergraduate Engineering Preparation Programs 
 

Building upon our two years of research on the use of makerspaces in undergraduate engineering 

programs, we engaged in a large-scale data collection from students enrolled in undergraduate 

engineering preparation programs with affiliated makerspaces established for a minimum of 

three years.  Using web searches, and other sources of information (e.g. references from other 

researchers or faculty members), we have identified 28 institutions that met our criteria.  

Working with a third party, we gathered over 574 responses from undergraduate engineering 

students with makerspace experiences spread across the 28 institutions.  To gather our data, we 

created and validated an online survey with a combination of quantitative and qualitative items.  

We constructed a survey with subscales aligned with motivation to learn, growth mindset, 

learning goal orientation, knowledge of engineering as a profession, and belongingness and 

inclusion, as associated with work within makerspaces.  We found significant positive 

correlations among the variables, positive levels of motivation, growth mindset, knowledge of 

engineering as a profession, and belongingness.  We found differences in levels for gender, 

engineering majors, and student class standing.  We discuss the implications for our findings in 

the context of undergraduate engineering student learning in makerspaces. 

 

Introduction 

 

Makerspaces, a location with tools (electronic and hand) for rapid prototyping, have become 

more widely used in undergraduate engineering preparation programs [1].  There is a general 

expectation that students using the makerspaces will gain deeper knowledge of engineering and 

therefore, will be better prepared as engineering professionals [2]. Yet, there is limited research 

about what students are learning about engineering in the spaces, and the influence of 

interactions in the spaces on their interest and pursuit of engineering as a profession.  We have 

attempted to address the gap in the literature by gathering data from over 500 undergraduate 

engineering students from 28 universities across the United States with makerspaces integrated 

into their engineering preparation programs.  Given the interest and investment in makerspaces, 

there is warrant for learning more about what students are learning in the spaces. 

 

Makerspaces 

 

Makerspaces can have many different forms, uses, be available for different users, and 

configured in many different ways [3].  The general notion of makerspaces is to equip 

individuals with hand tools, smaller and larger power tools, and rapid prototyping tools (e.g. 3D 

printers, laser cutters, sewing machines, and circuit board etchers), so that the users of the spaces 

have the tools they need to develop models, prototypes, modifications, or one-of-a-kind products 

[4], [5], [6], [7].  Makerspaces can be community-based or situated within specific institutions 

and access to the spaces can range from open to the public to highly restrictive [3]. 

 

Of interest to us are maker spaces that are situated or integrated with colleges of engineering and 

used by engineering students – particularly to complete assignments that require the use of the 

space to create some sort of product.  There is a range of configurations and foci for makerspaces 

on college campuses, ranging from open access for all students in a central location, such as a 



 

 

library, to college or program specific spaces with access limited to specific students for specific 

projects [3].  Some university makerspaces are student led, with the students managing and 

monitoring the space with little or no input from faculty members or administrators [3].  At other 

universities, the makerspaces have part or full time funded positions such as space director, lab 

managers, and student workers, who work together to support student engagement in the spaces.  

Regardless of the configuration and leadership of the spaces, the goal is to create environments 

for students to be able to produce products related to their course assignments. 

 

Learning in Makerspaces 

 

The primary goal of makerspaces in engineering programs is to increase student knowledge of 

engineering [8], [7], [9].  The general premise is, if undergraduate engineering students engage in 

makerspaces to complete assignments, they will learn more about the processes of engineering 

and design [10], [7].  However, we maintain that when undergraduate engineering students are 

expected to work in makerspaces they are likely learning more than just engineering.  We 

speculate that students are further developing a sense of belongingness and inclusion in the 

profession, developing their professional identity as an engineer, increasing their motivation to 

learn and persist when faced with failure or challenges, and they further develop an engineering 

mindset. Consistent with the most recent Accreditation Board for Engineering and Technology 

(ABET) [11], makerspaces may increase the ability to meet the expected student outcomes for 

engineering preparation programs [8].  Thus, makerspaces can be used to increase students’ 

ability to apply STEM knowledge, conduct experiments, analyze the outcomes of those 

experiments, work within constraints, work in teams, understand engineering as service to 

society, and understand their professional and ethical responsibilities.  It is important to keep in 

mind many engineers working in large companies may never directly create a prototype as they 

might in a makerspace, yet, their experience in makerspaces is likely to increase their knowledge 

of what is possible when creating prototypes [12].  Thus, through the work in makerspaces, 

students are likely to learn more about the process of moving from idea, to design, to developing 

a working model, which likely involves multiple iterations [13] and thereby, they increase their 

knowledge of the process and knowledge needed to be a professional engineer.  Therefore, there 

is justification for researching the engineering knowledge students gain from their makerspace 

experiences. 
 

Knowledge of Engineering as a Profession 

 

The knowledge of engineering we focused on in our research aligns with the perception of 

engineering as service to society [11].  Engineering from a 21st century perspective, focuses on 

finding solutions aligned with the needs and expectations of clients, while adhering to ethical and 

societal expectations of making the world a better place for others to live in [14].  There is 

evidence that the structure of some engineering programs may not be conducive to developing a 

mindset aligned with 21st century engineering [15].  Given the potential for makerspace projects 

to be aligned with a 21st century philosophy of engineering, there is justification for assessing if 

students are developing a 21st century engineering mindset. 

 

Belongingness and Inclusion 

 



 

 

Through the use of makerspaces, students may gain a sense of how much they perceive they 

belong and are included in situations reflective of engineering and the profession.  Through 

makerspace activities and the perception of feeling included and developing a sense of 

belonging, students can determine if they are perceived as being part of the engineering 

community [12] and therefore, are or can be perceived as being professional engineers.  We 

maintain that students who do not feel they belong or included in makerspaces may also feel they 

are not perceived to be future engineers, influencing their identity as being members of the 

profession and the community of engineers.  Thus, gender, ethnicity, and culture may be 

associated with feeling of belonging in makerspaces, and an indicator of students’ feeling of 

belonging in engineering and developing and engineering identity.  Given students are likely to 

learn about their sense of belonging and inclusion in engineering as a profession in engineering 

preparation programs, there is warrant for examining the extent by which undergraduate 

engineering students feel like they belong and feel included in the context of makerspaces 

embedded in undergraduate engineering programs. 

 

Learning Goal Orientation 

 

Learning goal orientation emerged from achievement motivation theory [16], [17] and has been 

used to describe learning in two terms: valences of master content and performing well [18], 

[19].  Learning goal orientation is considered from the perspectives of approach and avoidance 

goals [20], [21].  When engaging using approach goals, students are driven to either master the 

knowledge they are being taught or perform well in comparison to others.  From an avoidance 

perceptive, students avoid situations in which they may not be able to master content or are 

likely to under-perform.  We hold the position that makerspaces are more likely to foster student 

development of mastery approach motivation to learn about engineering.  Unlike other 

coursework that promote competition and expectations of performance, particularly in 

comparison to peers, makerspace activities require mastery of processes to complete projects 

within the spaces.  Further, many makerspace assignments may have multiple solutions that may 

be very different but meet assignment goals.  Thus, there is warrant for examining students’ goal 

orientation with respect to their work in makerspaces. 

 

Motivation and Persistence 

 

Based on the premise of self-determination theory [22], one of the justifications for student-

centered hands-on/minds-on learning activities, is the potential to increase student motivation to 

learn [23], [24], as we have found to be true of makerspaces [12].  Makerspace activities are 

student-centered by design [25] with students designing and building prototypes based on criteria 

and constraints.  Further, there is an expectation that if students are supported to be in control of 

their learning and learning activities, they are more likely to be motivated and therefore persist in 

their learning [26].  Thus, there is justification for examining undergraduate engineering 

students’ motivation to learn and their persistence when working on projects and activities in 

makerspaces. 

 

Growth Mindset 

 



 

 

Growth mindset has been defined as, the extent to which learners keep an open mind to consider 

their ability to learn or perform [27], [28]. People who consider their current limitations predicts 

their limitations in the future (e.g., “I am bad at math”), hold a fixed mindset.  In contrast, people 

who consider their current limitations can be overcome with effort or opportunity, hold a growth 

mindset.  We posit that work in makerspaces increases the potential for students to develop a 

growth mindset due to the ability to experiment with solutions and engagement in multiple 

attempts with no real single and correct solution.  In addition, the ability to modify and create 

new prototypes is relatively fast and easy with rapid prototyping machines.  Thus, there is 

justification for assessing engineering students’ perceptions of growth mindset in the context of 

their work in makerspaces. 

 

Method 

 

Research Questions 

 

To frame our research on undergraduate engineering students’ perceptions, engagement, and 

learning in makerspaces associated with their coursework, we developed the following guiding 

research questions:  

• What are students learning about engineering as a profession in their work in 

makerspaces?   

• What is the learning goal orientation and growth mindset of students working in 

makerspaces? 

• How are makerspaces associated with student motivation to learn? 

• What are students’ perceptions of belonging and being included in makerspaces? 

• How are students’ personal characteristics associated with their perceptions, engagement 

and learning in makerspaces? 

 

Participants 

The participants in our research were undergraduate engineering students.  These students were 

drawn from 28 universities that we identified have had makerspaces embedded into their 

undergraduate engineering programs for at least 3 years.  We had 574 undergraduate engineering 

students participate in our research and complete our survey.  Of the 574 students that completed 

our survey, approximately 13.5% identified as freshman, 23% as sophomore, 27.5% as junior, 

34.8% as senior, and 1% as other (e.g., 5th year students).  The students were on average 28.06 

years old (SD = 8.50) and had completed an average of 3.98 years of college (SD = 1.76).  

Approximately 58% of the participants identified as male, 41.5% identified as female, and .5% 

identified as other or declined to share their gender.  The largest percentage of identified 

academic majors was mechanical engineering (35%), closely followed by computer engineering 

(33.7%), and then civil engineering (11.7%), electrical engineering (10.8%), and other (e.g. 

aerospace engineering, mechatronics, biomedical engineering- 5.4%).  The amount of time that 

the students self-reported that they spent per week working on personal and course projects in 

makerspaces is presented in Table 1. 

 

Table 1. Percent of Responses to Time Spent working on Personal and Professional Projects in 

Makerspaces 

 



 

 

Time 
Personal Projects 

(Percent) 

Course/Class projects 

(Percent) 

0-3 hours 18.3% 13.4% 

4-6 hours 27.7% 34.3% 

7-9 hours 32.2% 28.5% 

10-12 hours 15.5% 16.3% 

13+ hours 6.3% 7.3% 

 

Survey 

 

We used a revised version of our student engagement in makerspaces survey [1].  Based on the 

factor analysis and input from the research team members, we increased the clarity of the item 

stems, modified the stems to be more concise, and modified the stems to reduce construct 

alignment overlap for any single item.  The revised version of the survey had 33 selected 

response items that students answered on a standard Likert scale.  We used the traditional Likert 

scale with 1 representing “Strongly Disagree” 2 representing “Disagree”, 3 representing 

“Neutral”, 4 representing “Agree” and 5 representing “Strongly Agree.”  

 

Our final survey contained subscales for motivation to learn, growth mindset, learning goal 

orientation, knowledge of engineering as a profession, and belongingness, and a series of 

demographic items.  The item stems included statements such as, “I prefer to work on 

makerspace projects that have no clear answer” and “I feel like I can really trust fellow students 

in the makerspace” and some negative phrased items such as, “I feel disconnected to fellow 

students in the makerspace” and “Working on engineering projects in the makerspace with no 

quick solutions is a waste of time.”  The survey also included demographic items and items 

focused on student perceptions of engineering as a career such as, “Please rate your knowledge 

of the engineering profession” and “What is the primary reason you want to become an 

engineer?”  The survey had a Cronbach’s alpha of .84 indicating an acceptable level of 

reliability. 

 

Data Collection 

 

We worked with Qualtrics to gather full responses from at least 500 participants who met our 

criteria of being an undergraduate engineering major at any of the 28 institutions of which we 

identified as having a makerspace embedded into their undergraduate engineering preparation 

program for at least three years.  We structured our survey so that when any participant 

responded with “yes” to being an engineering major, they were able to progress to the next 

question which asked if they had experience in makerspaces as part of their undergraduate 

engineering program.  If they answered “yes” to the makerspace item, they were able to 

complete the remainder of the survey.  Qualtrics attracted 3919 students to the survey, but only 

575 students met our criteria for participation and fully completed our survey.  Data collection 

took place over a period of about three weeks. 

 

Data Analysis 

 



 

 

Following data collection, we downloaded the data into Excel to remove the responses from any 

participant who had not completed at least 90% of the survey items.  We then imported the data 

into SPSS for further conditioning, including replacing missing values with the series mean and 

reverse coding the responses to any items that were negatively stated.  Once our data set was 

complete, we calculated the composite scores for our subscale measures of growth mindset, goal 

orientation, knowledge of engineering as a profession, motivation, and belongingness.  We 

calculated the subscale composite scores by averaging the participant responses to the associated 

items.  Once completed, we used a combination of responses to single items and composite 

scores for analysis. 

 

Results 

 

Our first research question asked: what are students learning about engineering as a profession in 

their work in makerspaces?  To answer this question, we calculated the means and standard 

deviations for the responses to our items associated with knowledge of engineering (see Table 2).  

We found that work in the makerspace seems to increase students’ understanding that 

engineering is about service to society, a perspective that is consistent with the philosophy of 21st 

century engineering [15].  The students had high levels of agreement with understanding 

engineering is about helping others and problem solving, and lower levels of agreement to 

disagreement with the engineering profession being about tinkering, fixing things, and applying 

math and science.  We interpret the results based on the Likert scale, thus, the means near 4.0 to 

be representative of agreeing to the statement and the means near 2.0 as representing 

disagreement with the statements. 

 

Table 2. Knowledge of Engineering as a Profession 

 

Knowledge of Engineering as a Profession Item Stem Mean SD 

I enjoy how makerspaces provide opportunities for me to develop 

skills and knowledge pertinent to engineering. 
4.09 0.98 

Peer collaboration in the makerspace helps me develop my 

problem solving skills. 
4.04 0.87 

I prefer makerspace projects that result in solutions that help 

others. 
4.03 0.93 

I find ways to apply what I learn in the makerspace to what I learn 

in my engineering courses. 
4.00 0.95 

Makerspaces help me understand that engineering is about 

inventing things. 
3.96 1.06 

Makerspaces help me understand that engineering is about helping 

society as a whole. 
3.94 1.06 

Makerspaces help me understand that engineering is about 

tinkering. 
2.22 1.14 

Makerspaces help me understand that engineering is about fixing 

things. 
2.09 1.06 



 

 

Makerspaces help me understand that engineering is about 

applying math and science concepts. 
2.00 1.05 

 

Our second research question asked: what is the learning goal orientation and growth mindset of 

students working in makerspaces?  To answer this question, we examined the students’ responses 

to our items aligned with their learning goals in makerspaces (see Table 3).  We found that 

students’ responses were in between neutral (Likert scale value of 3.0) and agree (Likert scale 

value of 4.0) to the items assessing their engagement in mastery approach learning in the 

makerspace activities.  Interpreted, our results indicate that the students held neutral to moderate 

levels of masterly approach learning goal orientation.  Thus, the students communicated 

perspectives that suggest they engage in makerspaces with the learning goal of mastering the 

concepts or processes that take place in the spaces. 

 

Table 3. Student Learning Goal Orientation Associated with Their Work in Makerspaces 

 

Goal Orientation Item Stem Mean SD 

It is important my makerspace projects are better than the projects 

produced by others. 

3.78 1.05 

I prefer to work on makerspace projects that have no clear answer. 3.37 1.07 

Working on engineering projects in the makerspace with no quick 

solutions is a waste of time. 

3.30 1.26 

I avoid working on a makerspace projects where I might perform 

poorly. 

3.07 1.30 

 

To assess the students’ engagement in growth mindset practices in their makerspace activities, 

we examined the responses to the items associated with growth mindset work in makerspaces 

(see Table 4).  The responses of the participants were neutral to agree about perspectives aligned 

with growth mindset in relations to their makerspace activities.  Interpreted the results indicate 

that the students approach their projects and activities in the makerspaces from a growth mindset 

perspective and tend to disagree with fixed mindset preferences for work in the makerspaces. 

 

Table 4. Student Growth Mindset Perspectives Associated with Their Work in Makerspaces 

 

Growth Mindset Item Stems Mean SD 

I feel confident in my ability to learn the material presented in the 

makerspace. 
4.01 0.97 

I'm embarrassed when I have to ask for advice or assistance when 

working on a makerspace project. 
3.19 1.32 

I get bored with makerspace projects that take a long time to 

complete. 
3.05 1.32 

I prefer makerspace projects that can be completed quickly. 2.45 1.02 

 



 

 

Our third research question asked: how are makerspaces associated with student motivation to 

learn?  To answer this question, we examined the items related to motivation to learn associated 

with their work in makerspaces (see Table 5).  We found that students agreed to the related 

items, which we interpret as being reflective of moderate to high levels of motivation to learn 

when working in the makerspaces. 

 

Table 5. Student Motivation to Learn in Makerspaces 

 

Motivation to Learning in Makerspace Item Stem Mean SD 

I appreciate that makerspaces allow me to learn in a variety of ways. 4.17 0.90 

I enjoy how makerspaces provide opportunities for me to develop skills 

and knowledge pertinent to engineering. 

4.09 0.98 

I feel able to meet the challenges of performing well on my makerspace 

projects. 

4.07 0.88 

My goal in the makerspace is to complete the assigned project. 2.01 0.94 

 

Our fourth research question asked: what are students’ perceptions of belonging and being 

included in makerspaces?  To answer this question, we examined the items associated with 

feelings of being included and respected in makerspaces (see Table 6).  We found that students 

tended to agree they felt included and that they perceived they belonged in makerspaces (means 

were greater than the neutral value of 3.0).  The one exception was not feeling respected by peers 

in the spaces, which was trending toward agree.  The students also tended to disagree with the 

preferring to work alone in the spaces and feeling disconnected in the spaces.  Overall, our data 

indicate that the students who work in makerspaces tend to feel like they belong in the spaces, 

but may also feel a lack of respect by their peers in the space. 

 

Table 6. Feelings of Belonging in Makerspaces 

 

Belonging Item Stem Mean SD 

I feel comfortable in makerspaces. 4.13 0.90 

I feel like I can really trust the professor in the makerspace. 4.12 0.92 

I feel comfortable in engineering classrooms. 4.10 0.96 

I feel valued in makerspaces. 4.04 0.86 

I feel valued in engineering classrooms. 3.98 1.00 

I enjoy working on group projects in makerspaces. 3.98 0.94 

I'd like a chance to interact with the professor in the makerspace more often. 3.94 0.94 

I have made friends through my work in the makerspace. 3.94 1.00 

I'd like a chance to interact with other students in the makerspace more often. 3.91 0.93 

I feel like I can really trust fellow students in the makerspace. 3.88 0.96 

I don't feel respected by my peers in the makerspace. 3.53 1.31 

I prefer to work alone in the makerspace. 2.76 1.16 

I feel disconnected to fellow students in the makerspace. 2.70 1.31 



 

 

 

Our fifth research question asked: how are students’ personal characteristics associated with their 

perceptions, engagement, and learning in makerspaces?  To answer this question, we calculated 

the correlations among variables and ANOVAs using an array of personal characteristics as 

factors such as gender, engineering major, and undergraduate class standing.  We found that all 

our subscales were significantly correlated at the p < .01 level, indicating as one subscale 

increased the others were likely to increase as well (See Table 7), although our calculations 

revealed that some of the relationships were stronger than others. 

 

Table 7. Correlations among Composite Subscale Variables 

 

 Growth 

Mindset 

Motivation 

to Learn 

Knowledge 

of 

Engineering 

Profession 

Belongingness 

Learning Goal 

Orientation 
.142** .191** .247** .172** 

Growth Mindset 
 

.317** .210** .346** 

Motivation to Learn 
  

.647** .691** 

Knowledge of 

Engineering Profession 
   

.664** 

** p<.01 

 

We continued our analysis by calculating the correlations among the survey subscales and the 

responses to items related to their perceived knowledge of engineering and makerspaces, 

importance of makerspaces to their education, and engagement in makerspaces for personal and 

educational purposes (see Table 8).  With the exception of relationships between knowledge of 

makerspaces, time spent in makerspaces for both personal and class projects, and mastery 

learning goal orientation, we found all subscales to be correlated with the students’ perceptions 

and engagement in engineering and makerspaces.  The correlations indicate that students’ 

knowledge and perceptions are aligned with their growth mindset, motivation, knowledge of 

engineering as a profession, and belongingness as associated with makerspaces.  

 

Table 8. Correlations Among Subscales and Students’ Perceptions and Engagement in 

Makerspaces 

 

 Knowledge of 

Makerspaces 

Importance 

of 

Makerspaces 

Knowledge 

of 

Engineering 

Time spent in 

makerspaces 

for personal 

projects 

Time spent in 

makerspaces 

for class 

projects 

Learning Goal 

Orientation in 

Makerspaces 

.075 .131** .094* .014 .022 



 

 

Growth Mindset 

in Makerspaces 
.182** .093* .198** .172** .137** 

Motivation in 

Makerspaces 
.323** .431** .413** .198** .222** 

Knowledge of 

Engineering 

Profession 

.271** .408** .361** .216** .235** 

Belonging .360** .461** .405** .269** .257** 

Knowledge of 

Makerspaces 
- .591** .616** .409** .331** 

Importance of 

Makerspaces 
 - .536** .338** .271** 

Knowledge of 

Engineering 
  - .342** .249** 

Time spent in 

makerspaces for 

personal projects 

   - .561** 

* p<.05, ** p<.01 

 

We concluded our analysis with calculating a series of comparisons using t-tests and ANOVAs. 

In our comparison of males and females along our subscales, we found differences in perceived 

growth mindset, [t (567) = 2.83, p < .01], with males (n = 331, M = 3.40, SD = .80) significantly 

greater than females (n = 238, M = 3.22, SD = .66), and differences for belongingness, [t (567) = 

2.27, p = .023], with males (n = 331, M = 3.82, SD = .52) significantly greater than females (n = 

238, M = 3.71, SD = .55).  While significantly different, we do recognize the relatively small 

shifts in the means, and both males and females in the same relative region on the five-point 

scale.  However, it is important to note we also found a difference for level of trust in other 

students [t (567) = 2.34, p = .02], with males (n = 331, M = 3.97, SD = .92) significantly greater 

than females (n = 238, M = 3.78, SD = .98).  Thus, our research indicates females have less 

feelings of belongingness and trust of others in makerspaces.  We found no difference for goal 

orientation, motivation to learn in makerspaces, and knowledge of engineering as a profession 

subscales. 

 

In our continued exploration for differences by gender we found a significant difference for self-

rated knowledge of makerspaces [t (562) = 4.82, p < .01], with males (n = 327, M = 7.85, SD = 

1.88) significantly greater than females (n = 237, M = 7.00, SD = 2.28) on a 10 point scale.  We 

found a significant difference for self-rated importance of makerspaces to their education [t (555) 

= 3.03, p < .01], with males (n = 323, M = 7.99, SD = 1.98) significantly greater than females (n 

= 234, M = 7.45, SD = 2.24) on a 10 point scale.  We found a significant difference for self-rated 

knowledge of engineering as a profession [t (562) = 3.29, p < .01], with males (n = 327, M = 

7.87, SD = 1.88) significantly greater than females (n = 237, M = 7.32, SD = 1.99) also on a 10 



 

 

point scale.  We also found a significant difference for hours spent in makerspaces for personal 

reasons [t (567) = 3.15, p < .01], with males (n = 331, M = 2.76, SD = 1.15) significantly greater 

than females (n = 238, M = 2.46, SD = 1.09).  Interpreted males seem to have higher level of 

perceived knowledge of makerspaces and engineering as a profession, spend more item in maker 

spaces for personal reasons, and perceive higher levels of importance for makerspaces in their 

education.  While the means for the different variables were within the same relative range on 

the scales, being significantly different is still worth noting. 

 

We found differences by major for growth mindset [F(5, 567) = 6.16, p < .01], with pairwise 

differences with mechanical engineering students indicating significantly lower growth mindsets 

than both civil and computer engineering students.  Our analysis revealed differences by major 

for motivation [F(5, 567) = 2.61, p = .024], with pairwise differences indicating civil engineering 

students indicated higher levels of motivation than electrical engineering students.  We found 

differences by major for belongingness in makerspaces [F(5, 567) = 6.16, p < .01], with the 

pairwise analysis indicating civil engineering students were significantly greater, indicating 

higher levels of belongingness, than electrical, biomedical, and mechanical engineering students.   

 

Our analysis also revealed differences by academic level in knowledge of engineering as a 

profession [F(4, 568) = 4.96, p < .01], with pairwise differences indicating seniors are 

significantly greater than freshman and sophomore level students, which indicates seniors have a 

higher level of knowledge of engineering as a profession in comparison to freshman and 

sophomore level students 

 

Discussion and Implications 

 

Through our research we have found that student engagement in makerspaces is likely to 

enhance their growth mindset, advance their learning goal orientation toward mastery 

achievement, knowledge of engineering as a profession, motivation to learn, and belongingness 

in engineering education.  The potential for engagement in makerspaces to increase 

understanding and knowledge in engineering and increase student likelihood to persist in the 

profession, provides justification for investigating the use of the spaces to prepare undergraduate 

students to become engineers. 

 

We found some results that provide warrant for further investigation such as, the comparatively 

lower level of trust in other students in makerspaces.  There may be an array of reasons for the 

potential lack of trust such as not sharing equipment, tasks, leadership, or ideas.  It may also be 

that some students may ignore or disregard the perspectives of other students.  Regardless, the 

lack of trust may negatively influence the desire to learn and take risks to explore ideas in the 

spaces.  Further, a difference in lack of trust was also found for gender, with females indicating a 

lower level of trust in other students than males.  The lack of trust may have profound 

implications for belongingness and therefore persistence in preparation and persistence in the 

profession.  

 

The multiple differences we found for gender are of importance, and reflect a need to be more 

attentive to the perspectives and needs of females in engineering preparation programs.  We 

recognize that the means between males and females were consistently within the same regions 



 

 

on the scales indicating that there were not extreme differences.  However, the fact that there 

were differences with females scoring consistently lower than males does raise concerns about 

issues of equity and inclusion.  In future research we plan to explore the issues of belongingness 

of females in makerspaces in more depth to determine what they perceive are the barriers to 

being included and treated equitably. 

 

We speculate that the nature of makerspaces and the assignments or projects that students work 

on in the spaces, are structured in ways that allow for numerous potential solutions.  Thus, the 

flexibility of the spaces and the work within the spaces allow students to explore possibilities and 

foster student creativity and willingness to take risks in the spaces.  The structures of the spaces 

are also likely to support students’ willingness to work toward mastery of ideas, rather than being 

strictly performance focused in their learning goal orientations.   

 

We were encouraged to find that there were students who considered their work in the spaces to 

be aligned with the focus of the 21st century engineer goal of service to society.  We speculate 

that the potential projects and uses of the spaces is aligned with finding solutions to meet societal 

needs.  Thus, while the students may use the spaces for personal projects and exploring the use 

of equipment to make items for personal use, their course assignments are likely to have different 

foci aligned with the actual work of engineers. 

 

Limitations and Future Research 

 

The first limitation of our research is the lack of an ability to gain a deeper understanding of why 

students responded the way they did to the items on the survey.  We did base our survey based 

on interviews and observations of students to determine the potential learning and related 

variables associated with working in makerspaces.  Continuing to explore why students 

answered the way they did in relation to our survey items, is a potentially fruitful line of 

continued research on student learning in makerspaces. 

 

The second limitation of our research is the lack of knowledge of the structure and management 

of the makerspaces at the institutions from which we invited the students to participate in our 

research.  As we have found from our ongoing research, there is a wide range of configurations 

of how makerspaces are structured, managed, and used for instruction.  Building on to the 

existing literature, we will continue to explore the relationship between student learning and the 

configuration of makerspaces [2], [29]. 

 

Similar to our second limitation, our third limitation is the lack of knowledge of what the 

students were actually doing in the spaces and why they make the choices that they do in the 

spaces.  While we have found some similarities of what undergraduate engineering students are 

doing in makerspaces, we have also found differences.  A very important line of research that is 

needed is: how are students interactions in the spaces related to what they are learning about in 

the spaces? 

 

Conclusions 

 



 

 

In an ongoing effort to empirically document what students are learning and experiencing in 

makerspaces, we conducted a large scale survey of undergraduate engineering majors at 28 

universities with established program integrated makerspaces.  We found positive trends in the 

students experiences and learning in the spaces, providing support for the importance of retaining 

and supporting the spaces in undergraduate engineering education programs. 
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