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INTRODUCTION 

The purpose of this qualitative, exploratory pilot research 

study is to begin to understand the various prototyping ap-

proaches of undergraduate engineering students both in class 

and out of class. In academic makerspaces, understanding dif-

ferences in student conceptions across these two contexts can 

point to an idealized point to integrate students’ interests 

within in an academic culture that appreciates a makers learn-

ing ecosystem. Enhanced understanding of these possible dif-

ferences in conceptions can focus us to value creative inquiry 

and hands-on experimentation in design learning. This can in-

form enhanced pedagogical plans to integrate makerspaces 

into formal curricular and informal extracurricular activities. 

A WAY TO UNDERSTANDING MAKER-BASED 

PEDAGOGY IN ACADEMIC MAKERSPACES 

In higher education institutions, students use the academic 

makerspaces for classroom projects as well as personal pro-

jects. Studying the learning practice in situ from a student per-

spective is lacking [1]. To maximize the benefits for students’ 

use of prototyping, and to facilitate how they exhibit proto-

typing behavior during their design activity, it will be im-

portant to understand students’ conceptions of prototyping. 

While the affordances of prototyping have been studied [1,2], 

ways that students may develop prototyping habits are still not 

well enough understood. Implications for this research direc-

tion may include understanding ways to build a “prototyping 

culture” (see [2]) in an academic setting. It may also serve to 

identify means to communicate ideas [3] and receive feed-

back on prototyping in academic makerspaces, as well as to 

develop activities for in-class projects to rely on iterative 

physical prototyping to learn and refine concepts further [4]. 

Results from this work may help implement improvements 

within academic makerspaces to build connected communi-

ties of learners inside and outside curricular activities. By 

characterizing and linking the work of making in engineering 

learning to industry practice, it may bolster relevancy for 

makerspaces for collaboration and help to build community. 

METHODS 

In this pilot qualitative study, the research teams used artifact 

elicitation in interviewing three participants. Artifact elicita-

tion is a method derivative of photo elicitation [5-8]. Partici-

pants were asked to bring with them to the interview artifacts 

of their choice and of their own making, from their classwork 

or from the work outside the classroom. Artifacts were used 

to elicit rich responses in a manner that opens up understand-

ings of the topic under study, using visual cues to enables par-

ticipants to highlight features of their artifact [9]. 

Artifact elicitation has been used to study the Maker Move-

ment [10-12] as it enables critical thinking by engaging par-

ticipants define and critically reflect on their design creations. 

Participants in the study are undergraduate engineering stu-

dents in a sophomore-level, design-oriented, project-based 

learning course at a large southwestern university. Students 

were invited to initially participate in a screening survey. Af-

ter potential participants suitable for the purpose of this study 

were identified, some were selected for an in-depth follow-up 

interview. Profile of participants are summarized in Table 1. 

The artifact elicitation interview was modified from the ques-

tions developed in [10, 11] for makers. In developing these 

questions, the they focused on the boundaries among “design-

ing,” “engineering,” and “making.”  

Table 1 Summary of participant profiles 

*pseudonyms Andy* Ben* Chip* 

Major (Engineering) General Mech. Auto. 

Prof. experience No No No 

# PBL courses 3 4 3 

# Projects w/prototypes 3-7 3-7 1-3 

Scale used is from 1-Strongly Disagree to 7-Strongly Agree 

Enjoy building process 3 7 7 

Build for class if asked 2 3 5 

Never, as never asked to 1 1 5 

Enjoy to build prototypes 5 7 7 

Comfy build prototypes 4 7 7 

Let team do most of work 2 2 1 

FINDINGS 

The research team used emergent thematic analysis to analyze 

the data [13]. Themes that emerged consistently are organized 

under three categories:  

(1) focus on the level of fidelity as a basic or inherent feature 

of the prototypes;  

(2) time, resources and people as restrictions and constraints 

on prototyping; and  

(3)  hacking the design process.  

Themes are presented with passages from the qualitative in-

terviews to substantiate themes across participants. Both 

Andy and Chip (pseudonyms) refer to artifacts they brought 

to the interview and are of their own individual making. Ben 



  

(pseudonym) discusses a prototype he made, with his team, 

for a class project. A small sample size for this qualitative, 

exploratory pilot research is justified, as in [14], to facilitate 

researchers’ close association with participants, in order to in-

depth understand the scope of the research problem at this 

stage of this in situ inquiry. 

DISCUSSION 

In their descriptions of the nature of prototypes, students em-

phasized the simple aspects of their prototypes. In addition, 

they discussed the relationship between the function and 

shape of what they prototype.  

IMPLICATION ONE: EQUIP TO SUPPORT PROTOTYPING 

One implication for the academic Makerspaces would be to 

equip the academic Makerspace with tools, resources and en-

vironments that encourage, facilitate and provide ways for 

quick and rough prototypes to demonstrate ideas.  

In [17], “playful investment” was described as one of the 

characteristics that makers exhibit when they create their 

work. In academic makerspaces, the shared space can be used 

by both students for in-class and out-of-class projects. The ac-

ademic makerspace can encourage prototyping for learning as 

well as “playful investment” for both kinds of projects. From 

[17]: “A key consideration is that play can be seen as frivolous 

and undermining rigor, rather than an opportunity to convert 

interest and passion into invention.”  

Additionally, in students’ descriptions of constraints on pro-

totyping, students in this study described how time constraint 

during in-class projects is an important factor for the way their 

prototypes turn out. In comparison, when they work on pro-

totypes for outside of class projects, they seem to enjoy the 

learning process.  

IMPLICATION TWO: ACCOUNT FOR VARYING TIMEFRAMES 

A second implication for the academic Makerspaces is to de-

sign the space in a way that take into account different 

timeframes for projects. This could mean different access 

time, storing spaces for projects, priority scheduling for re-

sources (e.g., equipment, tools, etc.) 

In this perspective, access (time), resources (space) and team 

projects (people) seem to interact in defining the prototyping 

experience in academic makerspaces. In [18], a framework 

for investigating the affordances of co-working, collaboratory 

spaces in support of engineering students design teams. In the 

framework, design is described as a social activity. In addition 

to this design axiom, two other axioms that an academic mak-

erspaces should adapt are to preserve ambiguity and that all 

design is redesign. 

In their descriptions of the design process, participating stu-

dents as novice designers (see [15]) seem to make a distinc-

tion between the design process and the prototyping process, 

where they did not consider their artifact to be a prototype 

until they realized it needed more iterations.  

IMPLICATION THREE: DIVIDE SPACE INTO SMALLER SPACE 

A third implication for academic makerspaces could be to 

possibly structure the larger space into more smaller spaces 

that intentionally delineate between phases of the design 

process. For example, the larger space could be divided into a 

Design Studio (equipped with platforms that facilitate idea-

tion); an Artisan Studio (equipped with suitable manufactur-

ing equipment); a Demonstration Studio (equipped with plat-

forms that allow testing and exhibits that show prototypes 

nearing the end of their design). Making such organization of 

the space can help situate prototyping across the different 

phases of the design process, emphasizing its centrality in de-

veloping the idea and learning throughout the entire design 

process, and make work more explicit. [19] describes the 

structure of the Sears think[box] as Case Western Reserve 

University as separating stages in the design and innovation 

process by floor. 

It can be helpful to ground the activities that happen in our 

academic makerspaces to the goals and perceptions of those 

using the spaces. By investigating students’ conceptions for 

prototyping the use and design of makers spaces can better 

support both in class and out-of-class making.  
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