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INTRODUCTION 
This paper introduces the Innovation Studio, an accessible 
large open-area academic makerspace that supports a com-
mon first-year engineering program, to the makerspace com-
munity. It provides an overview of some activities that have 
taken place in the space and presents student survey data com-
paring the previous freshman engineering laboratory with the 
Innovation Studio. Of note is the Innovation Studio’s physical 
layout which immerses freshman engineering students in a 
makerspace and the college’s efforts to incorporate making 
activities upfront in the engineering curriculum. This en-
deavor began with a belief that an academic makerspace is 
well-suited to meet the needs of first-year engineering pro-
grams and led to the creation of the Innovation Studio.  

THE INNOVATION STUDIO 
Founded in 2014, the Innovation Studio in the College of En-
gineering at Drexel University was conceived with the intent 
of running all of the Freshman Design laboratories. First-year 
general engineering courses ENGR 101, ENGR 102, and 
ENGR 103, titled Engineering Design Laboratory I, II, and 
III, respectively, are taken by all incoming freshman engi-
neering students in the fall, winter, and spring quarters of an 
11-week quarter-based system. The labs for this design se-
quence are taught exclusively in a makerspace setting, com-
bining faculty instruction and project-based learning. Beyond 
using the space for ENGR 10X activities, the facility is open 
to all students, faculty, and staff in the engineering college. 
Since its inception, the makerspace has supported capstone 
projects, recruitment, workshops, trainings, and outreach 
events. Activities in the makerspace provide all users with 
project space and resources – many of which are also used for 
the freshman courses, and a creative, collaborative, multidis-
ciplinary learning environment.   

All laboratory sections of the Freshman Design courses are 
held in the Innovation Studio, and all equipment needed to 
support those labs are also stored in the Studio. The large 
open-area format is conducive to student collaboration, bene-
fitting students when working on their projects as can be seen 

in Fig. 1. Over the first two years of its operation, the Studio 
has undergone some upgrades and reconfigurations, driven by 
curricular requirements and student feedback (as discussed in 
the survey results section later in this paper). The most recent 
configuration can be seen in Fig. 2. In the most recent layout, 
a large portion of the space is dedicated to be a flexible format 
makerspace.  

Being open 45 hours per week, students have access to the 
space and resources outside of class time, and the goal is to 
expand the hours further still. Students utilizing the mak-
erspace area and resources during their laboratory sessions or 
outside of class time find themselves working alongside other 
makers. Students who are currently in a lab section, other stu-
dents from other lab sections, upperclassmen, graduate stu-
dents, staff, and faculty are frequently found in the space 
working on various projects.  

The Studio layout is shown in Fig. 3, and outside of the layout 
presented, there is additional student seating and congregation 
space. The usable space shown in Fig. 3 is approximately 
10,000 ft2, with the classroom and makerspace comprising ap-
proximately a third of the total. 

Fig. 1  Innovation Studio in Fall 2015 

Fig. 2  Panoramic image of the Classroom and Makerspace areas of the Studio in Winter 2016 



  

A. CLASSROOM 
The classroom area in the Studio is where all laboratory sec-
tions for the Freshman Design courses are held. To encourage 
more collaboration between faculty and students, and to break 
down barriers between perceptions of faculty versus students, 
the primary instructor for the freshman design courses has an 
office directly in the Innovation Studio (just south of the 
wetlab in Fig. 3). 

This area has also been used to host of events, workshops, and 
seminars. Letters a-d below are in reference to the labelled 
white rectangles shown in Fig. 3. It contains the following 
equipment: 

a. Both consumer and commercial 3D printers are located 
on the north wall of the classroom. Undergraduate stu-
dents use the consumer printers directly, and can choose 
between Afinia H800 and Afinia H400 printers. All fil-
ament is provided to the students without additional 
charge.  

b. Along the west wall of the classroom, there is a craft-
work station, colloquially known as the “make it work 
station”, where students have space to glue, cut, tape, 
paint, and use water from a sink for their design projects. 

c. Along the west side of the southern wall, there is an 
“electrical testing station” with computer, oscilloscope, 
multimeters, soldering equipment and light, wire, and a 
full cabinet of electronic components. 

d. Along the east side of the southern wall, there is a “me-
chanical testing station” with a computer, mass scales, 
pulleys, masses, and a desktop tensile test machine 
(Mark-10 ESM303). 

B. MAKERSPACE 
The makerspace area is a flexible format space used for mak-
ing and design. The current first-year engineering curriculum 
uses the space to support the Freshman Design laboratory sec-
tions as well as other student projects throughout the under-
graduate engineering curriculum. Letters e-g below are in ref-
erence to the labelled white rectangles shown in Fig. 3. It con-
tains the following equipment: 

e. Located on the southern wall of the makerspace, this 

“computation station” has a performance computer ded-
icated to numerical simulations, graphics and video ed-
iting, and virtual reality.  

f. The student-run maker group, dLab, has a desk along 
the west wall. Students in this group provide assistance 
to users of the makerspace, maintain much of the equip-
ment, and maintain and develop the makerspace offer-
ings and organization. 

g. The “fabrication zone” along the north wall has the 
Filabot filament creation equipment, a HandiBot, an 
Othermill, and some cutting and sanding tools. This 
equipment is located adjacent to a long stretch of shared 
work tables which serve to support making activities re-
quiring equipment in the fabrication station. 

C. WETLAB 
The Innovation Studio has an area dedicated to chemical, bi-
ological, and environmental-related laboratory course and 
student project activities. The wetlab has six fume hoods, 
glassware, chemicals, ovens, mass scales, and other equip-
ment and consumables typical of a wetlab to support under-
graduate labs. The wetlab space has just been outfitted and 
the goal is to use the area to expand the experiences of the 
freshmen class to include engineering design activities in 
chemical, biological, and environmental engineering.  

D. MACHINE SHOP AND WELDING 
The heavy and light machinery areas in Fig. 3 have traditional 
woodworking and machining equipment, and additional train-
ing is required for student use. The heavy and light machinery 
areas include wood cutting tools, manual and computer nu-
merically-controlled machining mills and lathes, break and 
sheet metal shear, grinders, wire EDM, plasma cutters, and 
full welding capabilities.  

STUDIO ACTIVITIES 
Since its inception, the Innovation Studio has supported nu-
merous activities including senior design/capstone projects, 
student recruitment, workshops, trainings, seminars and out-
reach events. Rather than attempt to discuss all these activi-
ties, the following discussion provides a sample of activities 
that highlight the Innovation Studio’s focus on curriculum, 
outreach, and research. 

Fig. 3  Innovation Studio layout 



  

A. CURRICULUM 
Recently offered as pilots in the 2016-2017 academic year for 
ENGR 101 and ENGR 102, two freshmen laboratory modules 
entitled The Supercap Car Challenge and “Making” Music in-
corporated aspects of making and utilized the makerspace in 
a formal freshman engineering curriculum [1]. For the Super-
cap Car Challenge, teams of students are tasked with creating 
a modified version of a standardized supercapacitor-powered 
toy car to compete in a distance trial performance challenge 
at the end of the module. To do so, students must successfully 
integrate digital and physical design, use electronic prototyp-
ing tools, use modern fabrication tools in the design process, 
specifically 3D printing, and make design choices. For “Mak-
ing” Music, teams of students have the objective of creating 
functional self-playing musical instruments. In the process of 
doing so, the students code an Arduino, breadboard circuits, 
design and fabricate simple components using laser cutting, 
3D printing, and CNC milling equipment and extend the ca-
pabilities of basic electro-mechanical systems. At the end of 
the course, students must demonstrate working, integrated 
digital-physical systems that combine electrical and mechan-
ical components to produce sound. These student-designed 
instruments range from simple servo-controlled percussion to 
complex fingering and strumming systems for stringed instru-
ments. 

B. OUTREACH 
We believe that the benefits of an academic makerspace can 
extend beyond the confines of serving the academic popula-
tion, that is, the university students, faculty, and staff, to be-
come a centralized resource for the community. Such beliefs 
align with Drexel University’s vision to be the most civically 
engaged university and exploit the university’s location 
within the Philadelphia Promise Zone which has many low 
resource communities. At present, planning and coordination 
of outreach activities has largely been informal, occurring 
through efforts of those involved with the Innovation Studio 
and a few engineering faculty and students. For example, the 
Girls Inc. STEM program, which has a home base at the In-
novation Studio for one week this summer, brings girls from 
underrepresented and underserved minority groups to experi-
ence 3D printing and coding among other STEM activities. 
Recently, to increase the awareness of making within the Phil-
adelphia region, the Innovation Studio hosted a “Meet the 
Makers” event jointly coordinated with the Philadelphia sec-
tion of the Institute of Electrical and Electronics Engineers 
(IEEE). This open-to-the-public event brought leading Mak-
ers together with those interested in understanding making for 
an afternoon weekend of presentations, discussions, network-
ing, and making activities. Fig. 2 provides a photo of the event 
and its participants.  

C. RESEARCH 
The research activities for the Innovation Studio is in its in-
fancy. A research study of note conducted in the Innovation 
Studio characterized 3D printer emissions for safety consid-
erations. The 3D printers dedicated for student use in the In-
novation Studio were chosen based on their reliability and 
ease of use, but were also preferred since they produce ABS 
parts, have a full enclosure, and provide HEPA filtration of 

the emitted aerosols. Before their introduction into the space, 
a study was conducted to determine the effectiveness of the 
filters in removing some of the volatile organic compounds 
(VOCs). 3D printers have been shown to emit VOCs for both 
PLA and ABS extrusion in FDM-style printers. [2]  

Although the Studio boasts 25 ft ceilings, due to the early 
stages of research in the area of 3D printer emissions, proper 
precautions were taken to ensure the safety of the users, par-
ticularly since the number of printers that would be operating 
simultaneously was not known at the time of their initial pur-
chase. Results of this study are still forthcoming, but initial 
results show a significant reduction of VOCs when using the 
HEPA filters during operation. More recent efforts to convene 
a vested group of faculty members with research interests po-
tentially in-line with the makerspace has led to discussions for 
the creation of an Additive Manufacturing Laboratory within 
the Innovation Studio. Such a lab would consist of commer-
cial 3D printers with capabilities to handle multiple materials 
and could become the catalyst for research areas from ad-
vanced manufacturing to printable biomaterials and smart tex-
tiles. 
In the remainder of this paper, we provide an indirect assess-
ment of the space, changes implemented as a result of this 
study, and future plans for the Innovation Studio. 

METHODS 
At the conclusion of the first engineering course ENGR 101: 
Engineering Design Lab I, required for engineering majors 
and taken in the first quarter, students were given surveys to 
assess their opinions of the physical space and how well it is 
supporting the course activities. The survey was administered 
online, each participant receiving an email with a hyperlink to 
the survey. There were 848 survey participants in 2014 and 
485 participants in 2015. To account for the difference in ac-
curacy based on the differing number of participants, the un-
certainty in the mean was determined using the standard error 
of the mean. The survey question responses were based on a 
1-7 Likert scale, shown in Table 1. The survey given to stu-
dents included more questions, but the questions pertinent to 
the layout of the space to support the educational activities 
were chosen to be included in this paper, and are shown in 
Table 2. 

Table 1  Likert scale used in the student survey 

 

SURVEY RESULTS 

The average Likert scale results for questions 1 – 10 are dis-
played for each question in Fig. 4 with error bars indicating 
the standard error in the mean. The uncertainty is low and rel-
atively similar in both cases due to the relatively large number 
of participants – as compared to a statistical population of data 

1 Strongly Disagree 
2 Disagree 
3 Somewhat Disagree 
4 Neutral 
5 Somewhat Agree 
6 Agree 
7 Strongly Agree 



  

in either survey. Student responses to survey questions 1 – 6 
demonstrate a general increase in student satisfaction with 
how the new space supports the educational activities as com-
pared to the prior laboratory setting, which had a more tradi-
tional lab layout.  

Student responses to survey questions 7 – 10 showed a de-
crease in student satisfaction with the work tables used in the 
classroom side of the Innovation Studio from 2014 to 2015. 
These work tables had a large TV monitor attached to them 
(as can be seen in Fig. 1) which eliminated seating on one side 
of the table, blocked student view of the instructor, and cre-
ated visual obstructions throughout the Studio. These work 
tables have since been replaced by the tables pictured in Fig. 
2. These newer tables provide an unobstructed view of the in-
structor at the head of the classroom, and create a more open-
space feel in the classroom side which is more conducive to 
collaboration and communication between teams. Addition-
ally, these newer tables are on casters so the classroom side is 
easily reconfigurable, and are also height-adjustable, enabling 
seated or standing work stations, and variable work surface 
heights which have proved useful for various design activities 
and mechanical testing. 

Table 2  Questions used to evaluate the support of curricular activities 

 

 

DISCUSSION 
While continuing to evolve, the mission of the Innovation 
Studio is that the Innovation Studio is a student-centric, pro-
ject-focused collaborative workspace offering shared space 
and equipment to the greater Drexel community in the support 
of innovative educational, research, and entrepreneurial activ-
ities. The Innovation Studio at Drexel University is positioned 
on-campus in an urban environment, thus having the potential 
to support educational, research, and entrepreneurial activities 
to create an engaged and networked community of practice. 
Academic makerspaces such as this have been shown to im-
prove student motivation, confidence, and retention. [3] 

The design-and-build nature of makerspaces complements 
design-focused engineering program goals, promotes an ac-
tive learning culture, and empowers students to try new tools 
and approaches. Additionally, academic makerspaces offer 
multiple benefits to a first-year program. More and more stu-
dents are coming to universities with some makerspace expe-
rience. [4,5] With makerspaces becoming more prevalent in 
primary and secondary education, the Innovation Studio set-
ting will be a familiar learning environment to incoming stu-
dents, helping to ease the transition into an engineering pro-
gram. Furthermore, the space blends equipment that is both 
familiar and unfamiliar to most incoming freshmen, encour-
aging these students to try new approaches to making. Finally, 
freshmen entering college typically do not know many of their 
new cohorts, but the Innovation Studio catalyzes social inter-
actions among freshmen, forcing them to socialize with one 
another and with upperclassmen and faculty as well.  

Activities in the space are curated to be in line with the mis-
sion of the Innovation Studio, and serve to support the ever-
expanding culture of making and collaboration in the under-
graduate student population. Future directions for the activi-
ties in the space include:  
• the creation of design, making, and innovation labora-

tory courses to also be held in the classroom side of the 
Studio; 

• a continuation of the Meet the Makers seminar series; 
• establishment of ongoing outreach initiatives to connect 

with local primary and secondary schools; 
• hold more user-driven makerspace-relevant workshops; 
• establish a sustainable 3D printer filament recycling 

program; 
• hold design challenges and competitions; 
• hold mini Maker Faires; 
• begin or continue collaborations with centers on 

Drexel’s campus such as CASTLE, Dornsife, the Lindy 
Center, the A.J. Drexel Institute for Energy and the En-
vironment, Westphal College of Design, and the Close 
School of Entrepreneurship. 

Early survey results have shown evidence that the new envi-
ronment for the Freshman Design courses is providing a better 
experience, and provides us with useful data on how to im-
prove the space to accommodate the needs of students in these 
courses. Future directions for the assessment of the space and 
continued research on academic makerspaces include: 

1 My team members and I used class time to sketch ideas for our 
project. 

2 My team members and I found it easy to work together design-
ing and modeling ideas for our project in the classroom. 

3 The classroom provided a good environment to construct our 
project. 

4 I often found myself being able to sit at my workspace uninter-
rupted to work on my project. 

5 I often found myself having to get up and move to a different 
part of the room to work on my project. 

6 My team members and I were able to work together easily at our 
workspace. 

7 I found that my team members and I were unable to work to-
gether due to space restrictions at our workspace. 

8 The classroom provided a good environment to receive instruc-
tional learning. 

9 I was able to hear and see my faculty instructor when they were 
providing us with instructions and information. 

10 I was able to easily call over and receive help from the teaching 
assistants and fellows when needed. 

Fig. 4  Survey results from Fall 2014 and Fall 2015 cohorts 



  

• annual entry and exit surveys for students attending 
classes in the space; 

• annual interviews in a longitudinal study with a cohort 
of students to track their experiences after using the Stu-
dio their freshman year; 

• space utilization study using data from the CenTrak 
real-time location system slated to be installed in the 
Studio in the near future. 

Academic makerspaces have the unique quality of supporting 
both formal and informal learning modalities. Introduction of 
this type of environment to incoming freshmen exposes in-
coming students to the kind of dynamic thinking needed for 
engineering design and innovation. While the space is rela-
tively young, its uses have expanded, providing new chal-
lenges in safety, access, and coordination, redefining our ini-
tial vision for the space. 
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