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INTRODUCTION 
A long history of education research argues that active, hands-
on learning benefits learners and improves learning outcomes 
[1-4]. Academic makerspaces are hives of active, hands-on 
learning, and in recent years, the use and study of 
makerspaces has been on the rise [5-7]. This study examines 
the outcomes of variations of a longstanding 10-week course 
that serves as a gateway for many students into Stanford’s 
makerspace, the Product Realization Lab [6]. In the courses, 
students learn and practice manufacturing processes (milling, 
turning, forming, welding and sand casting) through intensive 
hands-on labs, and in parallel develop an individual project 
that culminates in building a high-fidelity functional 
prototype of their own design. Similar to other gateway 
courses into academic makerspaces [8-11], these courses are 
associated with significant increases in innovation self-
efficacy, engineering task self-efficacy, and perceived 
closeness between students’ mind and hands, heart and hands, 
and self and maker community. Students engage their mind, 
hands, and heart through concurrent streams of work: iterative 
design (mind), prototyping and making (hand), and the 
pursuit of individually-identified, personally-meaningful 
projects (heart)1. Prior work has found that students who 
perceive increased connection between their mind and hands 
are associated with increased gains in engineering task self-
efficacy and innovation self-efficacy [12]. At the same time, 
the courses are associated with little change in engineering 
identity, tolerance of ambiguity, and expected feelings of joy 
or anxiety while making across gender and underrepresented 
minority (URM) groups [12].  
 
The classic version of the course (ME203: “Design and 
Manufacturing”) is open to all students regardless of major 
and year in school, and is often populated with a mix of 
undergraduate and graduate students from a variety of 
disciplines (predominantly mechanical engineering and 
product design). In 2018, Stanford’s Mechanical Engineering 
department implemented “B.S.M.E. 2.0” (a redesign of the 
undergraduate major) which spurred the development of an 
undergraduate-only version of the course (ME103: “Product 
Realization: Design and Making”) and a new prerequisite 

                                                        
1 The mind, hand, and heart phrasing is inspired by the U.S. 

Department of Agriculture’s 4-H program (Head, Hand, Heart and 
Health) and MIT’s mens et manus (mind and hand) motto. 

course (ME 102: “Foundations of Product Realization”). The 
intention was for ME103 to be less time-intensive than 
ME203. This study compares the outcomes (innovation, 
design, and engineering task self-efficacies, perceived 
closeness between self and the maker community, and 
perceived closeness between mind and hand) of ME103 and 
ME203 during the 2018-2019 academic year with findings 
that suggest the potentially key roles of structured reflection 
and multi-age community within makerspaces. 

BACKGROUND 

A. THE STANFORD PRODUCT REALIZATION LAB (PRL) 
The Product Realization Lab (PRL) is a large teaching lab, 
serving a broad population of over 1000 students per year 
from across the Stanford University campus [6,13].  The PRL 
is managed by a team of 4 faculty, and is operated day-to-day 
by a group of about 20 graduate student Course Assistants 
who mentor and teach other students in the lab. 
Student users of the PRL are permitted to work on curricular, 
research, and personal projects in the lab; as such, there is no 
course enrollment requirement.  There are about 15 academic 
design-oriented courses taught by PRL faculty, and an 
additional 20 courses taught by other faculty in Mechanical 
Engineering (and beyond) that depend on and leverage PRL 
resources for the completion of design work.  In a given term 
(when these courses are offered) the active users of the PRL 
are typically about 20% ME103/203 students and 20% 
ME102 students, and these populations typically represent an 
even larger proportion of the total person-hours in the PRL. 

B. PRL GATEWAY COURSES: ME102, ME103 & ME203 
For several decades, ME203: “Design and Manufacturing” 
has provided an immersive learning environment of design.  
While this course has long been a required component of the 
Mechanical Engineering undergraduate curriculum (and 
some graduate programs), the diversity of the students 
interested in the course is much broader.  However, in the 
pilot of the undergraduate-only version of the course (ME103: 
“Product Realization: Design and Making”), the student 
body was exclusively made up of undergraduate Mechanical 
Engineering and Product Design students. 



 
 

Small coaching groups are a critical component of the success 
of the ME103/203 courses; these groups are made up of a PRL 
Course Assistant (CA) and 4 or 5 students [14]. These 
intimate groups are intended to give students a sense of 
community within the larger course and provide opportunities 
for students to learn from and teach their classmates. As noted 
in the Introduction, the AY18-19 student populations of 
ME103 and ME203 were distinct in their make-up.  During 
ME103/203, students learn milling, turning, sand casting, 
forming and welding through a series of hands-on labs that 
require each student to complete and submit lab artifacts (sand 
cast bronze plaques, formed and welded sheet steel plaque 
stands, and machined brass and plastic magnifying glasses). 
Additionally, students develop and produce a series of 
prototypes (sketches and story boards, functional prototype, 
manufacturing prototype, preliminary assembly, and final 
assembly) of a product of their own design. The projects are 
individual, encouraged to be meaningful for each student, and 
range widely from a turned trumpet mouthpiece to cast and 
machined Reuleaux cubes to a welded unicycle frame. 
The new prerequisite course to ME103 (ME 102: 
“Foundations of Product Realization”) was developed as part 
of B.S.M.E. 2.0 to absorb what had previously been a co-
requisite of ME203 (ME 103d: “Engineering Drawing and 
Design”) and give younger undergraduate students a deeper 
and more structured introduction to ideation, prototyping, and 
designing simple, multi-component mechanical devices.  
ME102 does not currently include the same small coaching 
groups mentioned above, and many still consider the 
ME103/203 courses to be the formative first leap into the 
world of design and manufacturing at Stanford. 

C. LEARNING THEORY: COMMUNITIES OF PRACTICE 
In line with prior learning theory [1], Lave and Wegner 
propose learning as participation in a community of practice 
[15]. They describe learning as the social activity of moving 
from “newcomer” to “old-timer” in a practicing community 
of learners and doers. This idea of learning is especially 
relevant for the experience of students engaged in a maker 
community – communities typically of varied experience, 
capability, belonging, and engineering-related self-efficacy, 
identity, etc. This suggests questions such as: What social 
forces affect student’s participation in maker communities? 
What identities do student makers hold and form? And how 
does participation in communities of varied gender, race, 
ability, age and other identity types differ from that in 
communities with a strong majority identity, e.g. same age? 
In particular, the importance of multi-age learning 
environments is supported by Vygotsky among other learning 
theorists. Finally, Turns et al. highlight the importance of 
reflection in engineering education [16]. Taken together, the 
prior work suggests the following research questions: 

1. How much do outcomes (e.g. innovation, design, and 
engineering task self-efficacies, and perceived 
closeness to a maker community) change during a 10-
week introductory course in a campus makerspace? 

2. How do outcomes compare for courses that emphasize 
reflection or engagement in a multi-age community? 

METHODS AND SAMPLE 
This study employs a longitudinal research design with two 
observations – during week 1 (“pre”) and week 10 (“post”) of 
students’ participation in two terms of ME203, the combined 
undergraduate and graduate course (referred to as “U+G”), 
and one term of ME103, the undergraduate-only course 
(referred to as “U-O”). A survey instrument was developed 
with established self-efficacy constructs. As first laid out by 
Bandura, self-efficacy is an individual’s judgement of their 
capability to perform certain tasks – for example, innovation 
self-efficacy (ISE) [17] refers to an individual’s assessment 
of their ability to perform innovation-related tasks (e.g. 
“generating new ideas by observing the world”). Engineering 
task self-efficacy (ETSE) [18-19] refers to one’s perceived 
ability to perform engineering tasks such as “design a system, 
component, or process to meet specified requirements,” and 
design self-efficacy (DSE) [20] involves one’s perceived 
capability in performing design tasks such as to “construct a 
prototype.” Additionally, experimental constructs that build 
upon “closeness” measures in psychology [21] were 
employed to measure students’ perceived closeness between 
their mind and hands and closeness between their self and the 
maker (PRL) community. For example, students were 
presented with Fig. 1 and asked: “Please choose the picture 
below that best describes the closeness of connection between 
yourself and the maker community to which you are closest:”  
 
 
 
 

Figure 1: Closeness to community question scale 
The full ISE, ETSE and closeness constructs are available in 
Appendix B. To protect student anonymity, key identifiers 
were removed and pre-post data linked using anonymized 
codes. Additionally, the data were not reviewed until after 
final grades were assigned (except for a course goals question 
in the week 1 survey). In analyses, differences in means are 
assessed using t-tests or Cohen’s d effect size with the 
significance threshold for all analyses as p < .05 and power > 
0.80. Underpowered comparisons are reported in grey in 
tables and figures. Given continuous and ordinal data, 
Spearman correlations are used. All analyses are conducted in 
R. Acknowledging identity intersectionality, we analyze the 
data by intersectional subgroups where possible [22]. 

The samples consists of 111 of 140 students enrolled in U+G 
(79%) and 56 of 67 students enrolled in U-O (83%) who 
consented to participate in the study. URM students are 
defined as those who report identifying as Latino/a, African 
American, Native American and/or Pacific Islander. The 
proportions of identity subgroups are similar between the two 
courses (URM Women 13-18%, URM Men 12-16%, Non-
URM Women 32-38%), except for more Non-URM Men in 
U+G (40%) compared to  U-O (27%), as detailed in Table 1. 
Most significantly, the samples differ in that U+G students are 
older and more advanced in education than U-O students. The 
median age of U-O students is 20 with a standard deviation of 
0.7 years, and the median age of U+G students is 22 with a 
standard deviation of 3.5 years. This age difference reflects a 



 
 

wider breadth of students in U+G, ranging from 1st year 
undergraduates to PhD students, including many masters 
students (45% of course), compared to U-O students who are 
primarily 2nd and 3rd year undergraduates (95% of course) as 
shown in Table 2. 
 

Table 1: Students’ Majors and Year in School for U+G and U-O Courses 
 

 
 

Table 2: Students’ Majors and Year in School for U+G and U-O Courses 

 
 

Both U+G and U-O students largely represent the mechanical 
engineering department (84% and 91% respectively), while 
U+G students are from a wider set of disciplines. In sum, the 
primary difference between the two samples is that U+G 

students are significantly more varied in age and year in 
school than U-O students. This contributes to a more multi-
age community in the makerspace during U+G versus U-O. 

RESULTS AND DISCUSSION 

A. STUDENTS’ USE OF TIME  

Students report, on the week 10 survey, investing a lot of time 
on the U+G and U-O courses – in total, an average of 115 
hours and 141 hours respectively over ten weeks (including 
~22 hours of lecture). For context, at this university, students 
spend roughly 120-160 total hours on a 3-4 unit lab-based 
engineering course. Both courses begin with structured labs 
in milling, turning, sand casting, and forming/welding, with 
U+G labs designed to be more intensive, including an extra 
lab on rapid prototyping and woodworking. On average, 
students across subgroups (except URM men) report spending 
significantly more time on labs in U+G than U-O. Conversely, 
students across subgroups spend significantly more time on 
projects in U-O than U+G. Both courses encourage well 
scoped projects using nearly identical cycles of design-
prototype-test assignments, however the U-O course 
encourages more reflection and portfolio creation than U+G, 
which likely contributes to the increased time reported on 
projects. In summary, the major differences between the two 
courses are shown in Table 3. 

Table 3: Major Differences Between U+G and U-O Courses 

 

Identity Sub-Group n % n % Year in School n % n %
All 111 100% 56 100% Undergrad. 1st Year 1 1% 0 0%

Women 49 44% 31 55% Undergrad. 2nd Year 6 5% 10 18%
Men 57 51% 24 43% Undergrad. 3rd Year 25 23% 43 77%

Gender Non-Binary/NA 5 5% 1 2% Undergrad. 4th Year 19 17% 2 3%
URM Women 14 13% 10 18% Undergrad. 5th Year + 3 3% 0 0%

URM Men 13 12% 9 17% Masters 50 45% 0 0%
Non-URM Women 35 32% 21 38% Ph.D. 6 5% 0 0%

Non-URM Men 44 40% 15 27% N/A 1 1% 1 2%

U+G U-O U+G U-O

Identity Sub-Group n % n % Year in School n % n %
All 111 100% 56 100% Undergrad. 1st Year 1 1% 0 0%

Women 49 44% 31 55% Undergrad. 2nd Year 6 5% 10 18%
Men 57 51% 24 43% Undergrad. 3rd Year 25 23% 43 77%

Gender Non-Binary/NA 5 5% 1 2% Undergrad. 4th Year 19 17% 2 3%
URM Women 14 13% 10 18% Undergrad. 5th Year + 3 3% 0 0%

URM Men 13 12% 9 17% Masters 50 45% 0 0%
Non-URM Women 35 32% 21 38% Ph.D. 6 5% 0 0%

Non-URM Men 44 40% 15 27% N/A 1 1% 1 2%

U+G U-O U+G U-O

U+G U-O
Students with broader range 
of ages and prior experience

More emphasis on reflection 
and portfolio building 

More time on labs More time on projects

U+G U-O U+G U-O U+G U-O

All 1.8 (1.0) 1.6 (0.8) 31 (15) 23 (11) 84 (53) 118 (47)
Women 1.7 (0.9) 1.4 (0.6) 33 (10) 23 (04) 75 (40) 117 (40)

Men 2.1 (1.1) 1.8 (0.9) 29 (16) 22 (17) 89 (59) 120 (55)
URM Women 1.4 (0.6) 1.3 (0.5) 34 (07) 23 (04) 56 (28) 120 (38)

URM Men 1.5 (1.1) 1.3 (0.5) 22 (11) 27 (28) 81 (43) 122 (42)
Non-URM Women 1.8 (1.0) 1.4 (0.7) 32 (11) 23 (04) 83 (41) 116 (43)

Non-URM Men 2.2 (1.1) 2.1 (0.9) 31 (17) 20 (03) 91 (63) 119 (63)

n U-O  = 56 of 67 students enrolled in a U-O course

Prior Exp. x̄ (σ) Hours on Labs x̄ (σ) Hours on Project x̄ (σ)

n U+G  = 111 of 140 students enrolled in a U+G course (one of two terms)

x̄ Prior 
Experience

x̄ Time 
on Labs

x̄ Time 
on Project

x̄ Prior 
Experience

x̄ Time 
on Labs

x̄ Time 
on Project

Prior Experience         
Time on Labs 0.04    -0.30*      

Time on Project 0.10   0.21*  -0.09   0.36**    

∆x̄ Prior 
Experience

∆x̄ Time 
Labs (hrs)

∆x̄ Time 
Project 

∆x̄ Prior 
Experience

∆x̄ Time 
Labs (hrs)

∆x̄ Time 
Project 

URM Women -0.48* 3.39 -32.49** -0.32 0.21 1.81
URM Men -0.35 -10.68** -3.38 -0.28 5.03 4.50

Non-URM Women -0.07 1.35 -1.57 -0.30 0.56 -4.57
Non-URM Men 0.59** -0.88 11.42 0.78** -4.30 0.98

*** p< .001, ** p< .01, * p< .05; Top portion shows spearman correlations.
Bottom portion shows results of two-tailed t-tests between specified subgroup and all other students in course.

U+G (n=111) U-O (n=56)

Table 4: Students’ Prior Experience and Time Spent on Labs and Projects 
 

Table 5: Correlations and Differences Between Students’ Prior Experience 
and Time Spent on Labs and Projects by Identity Group 

 



 
 

Across the board, students enter the U+G course with a 
greater mean and variance of prior experience (1-5 scale) in 
machining, casting, forming and welding, as shown in Table 
4. This reflects the larger breadth of age and experience of 
U+G students. Table 5 shows that, in both courses, the time 
that students report working on their project is not correlated 
with their reported prior experience. This is not terribly 
surprising given the flexibility of course projects and 
encouragement students receive to scope their project in ways 
that push themselves beyond their prevailing abilities. Higher 
prior experience is weakly correlated with less time spent on 
labs in U-O but not in U+G. This difference may reflect the 
different lab structures between the courses. In both courses 
(especially U-O), spending more time on labs is correlated 
with spending more time on projects.  

Further, Table 5 illustrates that non-URM men report 
significantly more prior experience than the other students in 
both courses. In U+G, URM women report less prior 
experience than the other students in their course. Most 
striking is that, in U+G but not U-O, URM men spend 
significantly less time on labs than their peers (an average 
10.7 hours less) and URM women spend significantly less 
time on projects than all other students (an average 32.5 hours 
less). Additional student data not provided here shows that the 
quality (grades) of URM women’s projects are not 
statistically different than the other students, which suggests 
that, in the U+G course, URM women on average better scope 
their projects or otherwise use their time more efficiently 
while designing or making. These differences in students’ use 
of time may be explored through future study. 

B. DESIGN SELF-EFFICACY 
In agreement with prior literature [11], the U+G course is 
associated with large (d = 0.86) and significant (p < .001) 
increases in Design Self-Efficacy (DSE), as shown in Table 
6. Only the 9 confidence items of the DSE construct are 

reported (the total construct consists of 36 items). Given the 
course focus on the later stages of design, it is unsurprising 
that self-efficacy in the early stages of design (e.g. researching 
a design need) yield little change.   

 

DSE, Engineering Task Self-Efficacy (ETSE), and 
Innovation Self-Efficacy (ISE) are measured together for only 
a subset of the data (one U+G course). In this subset, the 
constructs are highly correlated, as shown in Table 7. Thus, 
the following analysis presents only ISE as the primary self-
efficacy outcome. 
  

Table 7: Correlations between Self-Efficacy Constructs for Subset of U+G 

 
 

C. INNOVATION SELF-EFFICACY, CLOSENESS OF MIND 
AND HAND, CLOSENESS OF SELF AND COMMUNITY 

While students’ use of time varies, there are no significant 
correlations between students use of time and their week 10 
values of ISE, mind-hand connection, or closeness to the 
maker community. However, students who enter the course 
with relatively low ISE or low mind-hand connection tend to 
spend more time making their lab artifacts, and those who 
spend more time on labs tend to experience greater gains in 
ISE during the course. Students’ use of time is not correlated 
with gains (post minus pre) or final values (post) of closeness 
to community, nor gains in mind-hand connection, as shown 
in Table 8. 
Fig.2 compares the differences in average pre- and post-
course ISE values for students in U+G and U-O. For all 
subgroups, both courses are associated with significant gains 
in ISE. URM women and non-URM men, on average, 
experience particularly large gains in ISE during U+G, as do 

DSE ISE ETSE
DSE
ISE 0.40*

ETSE 0.53*** 0.62***

N = 36. *** p <.001, ** p <.01, * p <.05

1n x̄ σ x̄ σ x̄diff p d d sig.

DSE (full construct) 36 3.19 0.63 3.75 0.66 0.55 <0.001 0.86 ***
conduct engineering design 36 3.00 0.89 3.75 0.73 0.75 <0.001 0.92 ***

identify a design need 36 3.47 0.84 3.86 0.90 0.39 0.063 0.45 *
research a design need 36 3.42 0.84 3.69 0.98 0.28 0.201 0.30 *

develop design solutions 36 3.39 0.77 3.61 0.87 0.22 0.254 0.27 *
select the best possible design 36 2.86 0.96 3.44 0.65 0.58 0.004 0.71 **

construct a prototype 36 3.19 0.98 3.97 0.77 0.78 <0.001 0.88 ***
evaluate and test a design 36 3.03 0.88 3.86 0.80 0.83 <0.001 0.99 ***

communicate a design 36 3.36 1.02 3.83 0.88 0.47 0.039 0.50 *
redesign 36 3.03 0.91 3.69 0.86 0.67 0.002 0.75 **

n U-G-1term  = 36 of 58 students enrolled in a U+G course (one term)
d = Cohen's d effect size: * small .20-.50, **moderate .50-.80, *** large > .80)

rows in grey  indicate comparisons with statistical power < 0.80

Pre (n=36) Post (n=36) Difference

Design Self-Efficacy

ISE 
(pre)

ISE 
(post)

ISE 
(post-pre)

Mind-Hand 
(pre)

Mind-Hand 
(post)

Mind-Hand  
(post-pre)

Community 
(pre)

Community 
(post)

Community  
(post-pre)

Time on Project -0.03 0.11 0.13 -0.05 0.02 0.04 0.00 0.07 0.01
Time on Labs  -0.32*** -0.07   0.20**   -0.15*  -0.08 0.06 -0.13 -0.01 0.09

Table 6: Change in Design Self-Efficacy by Sub-Item for Subset of U+G 

Table 8: Correlations between Time, Self-Efficacy & Closeness Outcomes 
 DSE ISE ETSE

DSE
ISE 0.40*

ETSE 0.53*** 0.62***

N = 36. *** p <.001, ** p <.01, * p <.05

1

DSE ISE ETSE
DSE
ISE 0.40*

ETSE 0.53*** 0.62***

N = 36. *** p <.001, ** p <.01, * p <.05

1



 
 

URM and non-URM women during U-O. 
In Figs. 2-4, the significance of comparisons between and pre- 
and post-course values are labeled above each line. The 
significance of comparisons between post-course values of 
U+G and U-O are labeled above each course pair. 
Comparisons with statistical power < 0.80 are shown in grey.  

 
Fig. 2: Innovation Self-Efficacy 

 

 
Fig. 3: Perceived Closeness Between Self and Design/Maker Community 

 

 
Fig. 4: Perceived Closeness Between Mind and Hands 

 

U-O students, on average, begin with higher ISE than U+G 
students, presumably due to U-O’s perquisite design and rapid 
prototyping course (ME102). For most subgroups, the 
combination of a higher starting point and a smaller gain 
during U-O results in a similar ISE ceiling for both U-O and 
U+G courses. A notable exception is non-URM women who, 
on average, begin the U-O course at the ISE level where non-
URM women finish U-G and make significant gains from 
there, resulting in the highest average ISE of any subgroup (x̄ 

=4.07), as detailed in Appendix A. 
Fig. 3 illustrates that students in both courses and all 
subgroups experience large and significant increases in their 
perceived closeness to the campus maker community. Similar 
to ISE, students in U-O begin with higher perceived closeness 
to the maker community than students in U+G (again, likely 
due to the prerequisite course before U-O). On average, URM 
women in U-O increase in closeness to community up to a 
similar ceiling as URM women in U+G, whereas non-URM 
women, URM men, and especially non-URM men advance 
beyond final U+G values. 

CONCLUSIONS AND FUTURE WORK 
The presented courses yield large and significant gains in 
design, innovation, and engineering task-self efficacy and 
perceived closeness to a maker community. The average total 
DSE gain during the U+G course (0.55, as shown in Table 6) 
is similar to that found by Rosenbaum and Hartmann for a 
similar introductory makerspace course (0.46 gain) [11]. 
While little engineering-related self-efficacy or belonging 
data is available for term-long project-based courses (e.g. 
capstone courses), outcome comparisons can be made with 
undergraduates who have participated in engineering 
internships versus those who have not. From data not reported 
here, engineering students at Stanford who participate in an 
engineering internship or coop are associated with an average 
ISE gain of 0.25 (p=0.014, d=0.31) and ESE gain of 0.31 
(p=0.014, d=0.31), while the U+G makerspace course is 
associated with an ISE gain of 0.50 (p<0.001, d=0.81) and 
ESE gain of 0.57 (p<0.001, d=0.76) as shown in Appendix A. 
While both courses are associated with large gains in student 
outcomes, there are differences between the U+G and U-O 
course structures (recall Table 3) and outcomes. It does not 
appear that the variation in students’ use of time explains the 
variation in outcomes. There are no significant associations 
between time spent and gains in self-efficacy or closeness 
outcomes with the exception of gains in ISE and time spent 
on labs. URM men are the only subgroup who spend a 
significantly different amount of time on labs than their peers 
(and only in U+G), and the ISE gains for URM men are 
statistically similar between U+G and U-O, as shown in Fig. 
2. Thus, we hypothesize that the increased emphasis on 
reflection in U-O contributes to the remarkable gains in ISE 
in U-O among non-URM women. The U-O course’s emphasis 
on reflection consists of three extra assignments in which 
students develop and present a curated portfolio of their 
design concepts, prototypes and/or experiments alongside a 
reflection on their journey in the course. The relatively small 
gains in ISE by URM women in U-O compared to U+G are 
also puzzling, especially since this subgroup report spending 
considerably less time on their projects in U+G than U-O. 
Additionally, on average, URM women express a relatively 
small increase in perceived closeness between mind and hand 
and closeness to the maker community in U-O versus U+G, 
as shown in Figs. 3 & 4. This suggests a second hypothesis 
that the more multi-age maker community during U+G more 
strongly contributes to gains in perceived closeness to 
community, closeness between mind and hand, and ISE 
among URM women than other subgroups. These findings 



 
 

motivate future research into the possibly differential effects 
of structured reflection and multi-age communities of practice 
on intersectional subgroups of student makers. 
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APPENDIX A: DETAILED DATA TABLES  
 

The following table shows detailed comparisons of self-efficacy and closeness outcomes for the undergraduate plus 
graduate (U+G) and undergraduate-only (U-O) versions of the introductory design and making course under study. 

 

Table 9: A Comparison of Innovation Self-Efficacy, Eng. Task Self-Efficacy, and Closeness Outcomes by Subgroup 
 

n x̄ σ x̄ σ x̄diff p d d sig. n x̄ σ x̄ σ x̄diff p d d sig.

All 111 3.26 0.62 3.76 0.61 0.50 <0.001 0.81 *** All 56 3.48 0.66 3.92 0.50 0.44 <0.001 0.75 **
Women 49 3.10 0.63 3.64 0.61 0.54 <0.001 0.88 *** Women 31 3.48 0.57 4.00 0.52 0.52 <0.001 0.96 ***

Men 57 3.39 0.60 3.85 0.62 0.46 <0.001 0.75 ** Men 24 3.56 0.67 3.84 0.45 0.28 0.094 0.50 *
URM 28 3.31 0.68 3.93 0.63 0.61 0.001 0.94 *** URM 19 3.51 0.52 3.84 0.41 0.34 0.034 0.71 **

Non-URM 83 3.25 0.60 3.70 0.60 0.46 <0.001 0.76 ** Non-URM 36 3.52 0.66 3.98 0.53 0.46 0.002 0.77 **
URM Women 14 3.14 0.75 4.00 0.63 0.86 0.003 1.24 *** URM Women 10 3.40 0.30 3.86 0.48 0.46 0.021 1.15 ***

URM Men 13 3.51 0.60 3.82 0.64 0.31 0.218 0.50 * URM Men 9 3.62 0.70 3.82 0.35 0.20 0.457 0.36 *
Non-URM Women 35 3.09 0.59 3.50 0.54 0.42 0.003 0.74 ** Non-URM Women 21 3.51 0.67 4.07 0.53 0.55 0.005 0.91 ***

Non-URM Men 44 3.36 0.60 3.86 0.62 0.50 <0.001 0.82 *** Non-URM Men 15 3.52 0.68 3.85 0.51 0.33 0.141 0.55 **

All 111 3.07 0.78 3.64 0.71 0.57 <0.001 0.76 ** All 56 3.12 0.76 3.68 0.65 0.56 <0.001 0.79 **
Women 49 2.91 0.67 3.47 0.69 0.56 <0.001 0.82 *** Women 31 2.87 0.73 3.61 0.65 0.74 <0.001 1.07 ***

Men 57 3.26 0.84 3.82 0.70 0.56 <0.001 0.72 ** Men 24 3.50 0.59 3.81 0.60 0.31 0.076 0.52 **
URM 28 3.16 0.77 3.78 0.74 0.62 0.004 0.82 *** URM 19 3.04 0.68 3.66 0.63 0.62 0.006 0.94 ***

Non-URM 83 3.04 0.79 3.59 0.69 0.55 <0.001 0.74 ** Non-URM 36 3.20 0.77 3.72 0.64 0.52 0.003 0.73 **
URM Women 14 3.13 0.76 3.79 0.83 0.66 0.037 0.83 *** URM Women 10 2.73 0.56 3.55 0.74 0.83 <0.001 1.25 ***

URM Men 13 3.25 0.81 3.75 0.70 0.50 0.105 0.66 ** URM Men 9 3.39 0.66 3.78 0.49 0.39 0.178 0.67 **
Non-URM Women 35 2.83 0.63 3.34 0.59 0.51 0.001 0.85 *** Non-URM Women 21 2.94 0.80 3.64 0.63 0.70 0.003 0.98 ***

Non-URM Men 44 3.26 0.86 3.84 0.71 0.57 0.001 0.73 ** Non-URM Men 15 3.57 0.56 3.83 0.67 0.27 0.249 0.43 *

All 111 3.45 1.07 3.85 0.68 0.40 0.001 0.44 * All 56 3.63 0.75 3.96 0.81 0.34 0.023 0.43 *
Women 49 3.47 1.00 3.82 0.70 0.35 0.050 0.40 * Women 31 3.71 0.69 4.03 0.80 0.32 0.094 0.43 *

Men 57 3.53 1.09 3.93 0.65 0.40 0.018 0.45 * Men 24 3.50 0.83 3.88 0.85 0.38 0.130 0.45 *
URM 28 3.43 1.00 4.07 0.66 0.64 0.007 0.76 ** URM 19 3.58 0.90 3.95 0.85 0.37 0.203 0.42 *

Non-URM 83 3.46 1.10 3.77 0.67 0.31 0.028 0.34 * Non-URM 36 3.64 0.68 3.97 0.81 0.33 0.063 0.44 *
URM Women 14 3.36 0.84 4.21 0.58 0.86 0.005 1.19 *** URM Women 10 3.90 0.74 3.90 0.74 0.00 1.000 0.00

URM Men 13 3.69 0.95 4.00 0.71 0.31 0.358 0.37 * URM Men 9 3.22 0.97 4.00 1.00 0.78 0.114 0.79 **
Non-URM Women 35 3.51 1.07 3.66 0.68 0.14 0.508 0.16 Non-URM Women 21 3.62 0.67 4.10 0.83 0.48 0.048 0.63 **

Non-URM Men 44 3.48 1.13 3.91 0.64 0.43 0.031 0.47 * Non-URM Men 15 3.67 0.72 3.80 0.77 0.13 0.630 0.18

All 111 2.43 1.06 3.81 0.89 1.38 <0.001 1.41 *** All 56 3.07 1.09 4.04 0.85 0.96 <0.001 0.98 ***
Women 49 2.45 1.14 3.73 0.91 1.29 <0.001 1.25 *** Women 31 3.13 1.09 3.84 0.86 0.71 0.006 0.72 **

Men 57 2.42 1.00 3.88 0.91 1.46 <0.001 1.53 *** Men 24 3.00 1.14 4.33 0.76 1.33 <0.001 1.37 ***
URM 28 2.25 1.11 3.93 0.98 1.68 <0.001 1.60 *** URM 19 3.16 1.01 4.00 0.67 0.84 0.005 0.98 ***

Non-URM 83 2.49 1.04 3.77 0.86 1.28 <0.001 1.34 *** Non-URM 36 3.03 1.16 4.08 0.94 1.06 <0.001 1.00 ***
URM Women 14 2.50 1.29 3.79 0.89 1.29 0.005 1.16 *** URM Women 10 3.20 0.79 3.70 0.67 0.50 0.146 0.68 **

URM Men 13 2.08 0.86 4.08 1.12 2.00 <0.001 2.01 *** URM Men 9 3.11 1.27 4.33 0.50 1.22 0.022 1.27 ***
Non-URM Women 35 2.43 1.09 3.71 0.93 1.29 <0.001 1.27 *** Non-URM Women 21 3.10 1.22 3.90 0.94 0.81 0.021 0.74 **

Non-URM Men 44 2.52 1.02 3.82 0.84 1.30 <0.001 1.38 *** Non-URM Men 15 2.93 1.10 4.33 0.90 1.40 0.001 1.39 ***

rows in grey  indicate comparisons with statistical power < 0.80 rows in grey  indicate comparisons with statistical power < 0.80

Gateway Design & MFG Course - Undergraduate & Graduate (U+G)
Pre Post

Innovation Self-Efficacy

Gateway Design & MFG Course - Undergraduate Only (U-O)
Pre Post

Innovation Self-Efficacy

Difference Difference

Engineering Task Self-Efficacy

n U+G  = 111 of 140 students enrolled in a U+G course (one of two terms)
d = Cohen's d effect size: * small .20-.50, **moderate .50-.80, *** large > .80)

n U-O  = 56 of 67 students enrolled in a U-O course
d = Cohen's d effect size: * small .20-.50, **moderate .50-.80, *** large > .80)

Perceived Closeness Between Mind and Hands

Perceived Closeness Between Self and Design/Maker Community Perceived Closeness Between Self and Design/Maker Community

Perceived Closeness Between Mind and Hands

Engineering Task Self-Efficacy



 
 

 APPENDIX B: SELECT PRE- AND POST-COURSE SURVEY ITEMS 
 
Prior Experience 
 

Prior to this course, how would you rate your level of experience milling, turning, casting, and forming/welding? 
 

None At All 
(1) 

A Little 
(2) 

A Moderate 
Amount (3) 

A Lot 
(4) 

A Great Deal 
(5) 

Prefer Not to 
Answer 

 
 
The following two self-efficacy survey items are described in depth by Gilmartin et al. [17-19].  
 

Innovation Self-Efficacy 
 

How confident are you in your ability to do each of the following at this time?  
 

Not 
Confident (1) 

Slightly 
Confident (2) 

Moderately 
Confident (3) 

Very 
Confident (4) 

Extremely 
Confident (5) 

Prefer Not to 
Answer 

 
- Ask a lot of questions  
- Generate new ideas by observing the world  
- Experiment or prototype as a way to understand how things work  
- Actively search for new ideas through experimenting or prototyping 
- Build a large network of contacts with whom you can interact to get ideas for new products or services 
 
 
Engineering Task Self-Efficacy 
 

How confident are you in your ability to do each of the following at this time?  
 

Not 
Confident (1) 

Slightly 
Confident (2) 

Moderately 
Confident (3) 

Very 
Confident (4) 

Extremely 
Confident (5) 

Prefer Not to 
Answer 

 
- Use the techniques, skills, and modern engineering tools necessary for engineering practice. 
- Design and conduct experiments and analyze and interpret data. 
- Design a system, component, or process to meet specified requirements. 
- Communicate effectively (in the context of engineering and design).  
 
 
The following closeness items are found in more detail in Brubaker et al. [12] and inspired by Aron et al.’s closeness 
measures in psychology [21]. 
 
Perceived Closeness Between Mind and Hand 
 

Please choose the picture below that best describes the closeness of connection between your mind and hands: 
 
 
 

Perceived Closeness Between Self and Maker Community 
 
We are interested in your relationship with hands-on engineering, design, artist, and/or maker community(s). This could be 
with the PRL or other maker communities. Please choose the picture below that best describes the closeness of connection 
between your self and the maker community to which you are closest: 
 


