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Setting the Context



Product Realization Lab (PRL)

● Teaching Lab with a strong lab-based 
curriculum in 10 courses taught by our 
faculty, while supporting at least 20 other 
courses throughout the year

● Open to all students doing coursework, 
research, and personal projects

● 9000 ft2 in 6 process areas
○ machining, woodworking, foundry, welding, 

plastics, and rapid prototyping

● Led by 4 faculty, 2 admin staff, and a 
cohort of 21 Course Assistants (CAs) 



Undergraduate Curriculum Changes

Change in the undergraduate Mechanical Engineering curriculum from a uniform 
set of 15 courses to 11 Core courses plus 4 Concentration courses

This change led to a Winter 2019 pilot undergraduate only (U-O) version 
(ME103) of the core Design and Manufacturing course (ME203), which was 
typically a mix of undergrad and grad (U+G)

Creation of a new prerequisite course ME102 Foundations of Product Realization



ME102 Foundations Course for Undergraduates

New required course for all 
Mechanical Engineering and 
Product Design majors

PRL- and project-based course 
with requirement for 
documentation from concept 
sketches, rapid prototypes, CAD 
refinement, and primarily digital 
fabrication, with process reflection 
throughout.

These images are a subset of one project pair’s documentation



ME103 and ME203 Course Structure

● Lectures on design and 
manufacturing processes

● Structured Labs - core PRL 
process introductions in Weeks 2 
and 3
○ Mill, Lathe, Sandcasting, Welding

● Coaching in small groups

● Final project with an emphasis 
on finding personal meaning, 
using at least 1 core PRL process

Professor Dave Beach: 
PRL Director and ME103/203 mastermind



Structured Lab - Mill 
● 4 hour machine intro working on part of the lab project (magnifying glass) 

● 1 CA leads 7 students on machines by demonstrating each step, which 
students then practice on their own machine

● Students will complete the milled part and assemble it with the turned 
parts they will make in the Lathe lab.



Coaching

● Small groups of 4-6 students meet 
weekly with an assigned PRL CA

● Incremental assignments guide 
students through project and 
process decisions

● Coaches review project milestones 
and provide feedback to the 
students and the teaching team



Final Projects

Final projects vary in process and form



Framing the Study 



Communities of Practice and Prior Work 

● Lave and Wegner propose learning as participation in a community of 
practice, and 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 in the context of making communities suggests some 
important questions:

○ What social forces impact students’ participation in maker communities?

○ What identities do student makers hold and form?

○ How does participation in communities of varied gender, race, ability, 
and and other identity types differ from that in communities with a 
strong majority identity, e.g. same age?



Research Questions

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?

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



Study Methods

● Longitudinal study with observations of two self-assessments during 3 
course offerings in the 2018-19 academic year
○ Week 1 (pre)
○ Week 10 (post)

● Sample size (those who consented to participate in the study)
○ 111 of 140 students in U+G ME203 (across 2 academic quarters)
○ 56 of 67 of U-O ME102 (1 academic quarter)

● Survey instrument developed using established self-efficacy constructs 
(an individual’s judgement of their capability to perform certain tasks)

● Student data was linked (pre- and post-) using anonymized codes



Sample Data - Identity Sub-Groups 

U+G U-O
n % n %

All 111 100% 56 100%
Women 49 44% 31 55%

Men 57 51% 24 43%
Gender Non-Binary / N/A 5 5% 1 2%

URM Women 14 13% 10 18%
URM Men 13 12% 9 17%

Non-URM Women 35 32% 21 38%
Non-URM Men 44 40% 15 27%

URM students are defined as those who report 
identifying as Latino/a, African American, 
Native American, and/or Pacific Islander 



Sample Data - Year in School 

U+G U-O
n % n %

Undergrad 1st year 1 1% 0 0%
Undergrad 2nd year 6 5% 10 18%
Undergrad 3rd year 25 23% 43 77%
Undergrad 4th year 19 17% 2 3%

Undergrad 5th year + 3 3% 0 0%
Masters 50 45% 0 0%

PhD 6 5% 0 0%
N/A 1 1% 1 2%Median age of U+G is 22 years with SD of 3.5 years, 

Median age of U-O is 20 years With SD of 0.7 years



Observations



Data and Preliminary Hypotheses

● We continue to review and make sense of this data

● Several of the Design Self-Efficacy (DSE) items reported showed 
insignificant change (e.g. researching a design need); this is not surprising 
given the course focus on the later stages of design

● Today we will discuss changes in Innovation Self-Efficacy (ISE) and 
perceived closeness between self and the design/maker community 
observed at pre- and post-course surveys



Innovation Self-Efficacy - Survey 

Select pre- and post-course survey items



Innovation Self-Efficacy
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Innovation Self-Efficacy

● We hypothesize that the increased emphasis on reflection in U-O 
contributed to the significant increase in ISE in Non-URM Women

● Secondly, we hypothesize that the multi-age maker community in U+G more 
strongly contributes to gains for URM Women than other subgroups

● ISE gains and apparent caps for URM and Non-URM Men are similar 
between U+G and U-O

● ISE gains indicated by this data correlate with those from a study of a similar 
course at UC Berkeley by Rosenbaum and Hartmann, and results from an 
unrelated study at Stanford of engineering students who participated in an 
internship or co-op.

● Time spent on lab and project work was separately evaluated in this study; 
ISE gains did not generally correlate with time spent on labs and projects



Student Interview
Change in Designing/Making Confidence



Interviewer: … Would you say that 
starting to work on your own project, 
working by yourself was what made 
your confidence [in making] decrease?
Student: ...I didn't really have the 
luxury of others’ help when you have a 
problem. 'Okay, what is this problem?' 
'Why did it happen?' and just of course 
in general problem shoot.

Student: ...that's the 
transition for me actually 
being able to finish 
turning the wood to fine 
detail which I wanted.

Student: … and 
Camille, who gave 
me advice on 
things … I would 
say because with 
them I was able to 
problem solve.  



Perceived Closeness to Community - Survey

Select pre- and post-course survey items



Perceived Closeness to Community
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Perceived Closeness to Community 
● Again, we see a large difference in Week 1 scores between U+G and U-O, 

which we attribute primarily to the experience of students in the new 
prerequisite course

● We are unsure how to interpret the relatively small gains in perception of 
closeness of URM Women in U-O, but this adds to the hypothesis that the 
U+G multi-age maker community more strongly contributes to gains for 
URM Women than other subgroups



Student Interview
Perception of Closeness to Community 



feeling 
completely 

part of 
the PRL 

community

feeling not at all part 
of the PRL 
community

feeling more 
part of 
the PRL 

community

time

ID21
Start

… it was my first PRL class, 
so I was pretty removed 
from the PRL.

Final design comes together

… as things went wrong, met 
with CAs, met with Marlo 
about the silicone molding... 
it's like, start feeling more and 
more a part of the community.

End of structured labs

I felt like I knew more people 
there…  but still, it was just 
kind of like, oh, I'm just 
someone in 203. There's, like, 
tons of other people in 203.

Designing/building phase

… by the end of structured labs… I felt like I 
was working a lot closer with people in the 
PRL community as far as, like, the CAs go, 
asking questions about my project … 



Impact and Future Work



Immediate Impact 

● The U+G and U courses (ME203 and 
ME103) are being run in parallel this 
academic year

● Small-group Coaching with PRL CAs 
has been added to the prerequisite 
ME102 Foundations course



Future Work

● Continued data collection in 
parallel ME103/ME203

● How do we convert these 
observations to action and 
continue to improve student 
outcomes?

● PRL Advice Network
○ From who and how do 

students get project advice?
○ What students don’t report 

seeking advice, and why?  
○ Does this impact outcomes? ME203 Week 7 Spring 2019

 (n= 87, students=58)
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Thank you!



Additional Observations



Correlation and Difference of Time spent

● Students in the U-O ME103 course reported spending more time on the 
course overall, which is likely contributed to by the higher emphasis on 
reflection and portfolio development

● Time spent on the final project does not appear to be correlated with level 
of prior experience in either course

● URM women spent significantly less time on their final projects in the U+G 
course, but an insignificant difference in final grades was observed



Differences between U+G and U-O Courses

U+G U-O

Students with a broader range 
of ages and prior experience

More time spent on labs

More emphasis on reflection and 
portfolio building

More time spent on project



More from student interviews
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ID4, URM Male: CHANGE IN SELF-EFFICACY
Interviewer: Mm-hmm (affirmative) Would you say that starting to work on your own project, 
working by yourself was what made your confidence [in making] decrease?
Student: A bit. In a sense of, I didn't really have the luxury of others help when you have a problem. 
'Okay, what is this problem?' 'Why did it happen?' and just of course in general problem shoot.
Interviewer: When your confidence started to increase again, was there a specific moment or 
experience you had there?
Student: I would say, in particular, I don't know. Finally, at the point when I was able to actually sand 
cast the actual bowl. Yeah, in particular, because then I think that's the transition for me actually 
being able to finish turning the wood to fine detail which I wanted. And then being able to progress 
to the next step.
Interviewer: Who was involved in that sand casting and that turning point for you?
Student: I would say the CA, for sure, he was very helpful. It was Jack and there were other 
individuals in the wood shop at the time of course who gave me advice as well as Camille, who gave 
me advice on things such as like how to fix the holes and cavities I had in the wood. To get that shine 
or smoothness to it.
Interviewer: Mm-hmm (affirmative) So it was the CA's who that kind of helped you have that turning 
point in your confidence?
Student: Yeah, I would say because with them I was able to problem solve. Ultimately, yes.



Perceived Closeness to Community

Please see Figure 3 in ISAM Paper No. 12 for more 
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ID21, Non-URM Male: CHANGE IN CLOSENESS TO COMMUNITY
So I'd say, yeah, at the beginning, I felt like, pretty, like, it was my first PRL class, so I was pretty 
removed from the PRL. I had made a couple things in there, early on in the fall quarter for 
another class, but, hadn't really spent a whole lot of time in the PRL.

 
So I guess, yeah, so I definitely didn't feel super part of the community. By the end of structured 
labs, definitely became more a part of the community. I felt like I knew more people there, knew 
more TAs, things like that, but still, it was just kind of like, oh, I'm just someone in 203. There's, 
like, tons of other people in 203. We're just here, taking up time doing our structured labs while 
other people want to do work and stuff. 

 
And then I guess by the end of structured labs, I feel like that's probably where the slope 
increased a little bit, because I felt like I was working a lot closer with people in the PRL 
community as far as, like, the TAs go, asking questions about my project, I was in there a lot 
more, working on my design, got to, you know, meet with Dave at the beginning to discuss my 
initial design, and he was super excited about it, and then, you know, as things went wrong, 
met with TAs, met with Marlo about the silicone molding, so I guess as that kind of got worked 
in, it's like, start feeling more and more a part of the community.


