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INTRODUCTION 
As academic makerspaces continue to grow at colleges and 
universities, the challenge of effective management often also 
grows to a scope that can be quite difficult for the individuals 
staffing a given space to manage. Specifically, there appears 
to be a set of problems and challenges which are also common 
among most makerspaces. How can administrators collect 
and visualize statistics to raise funds and guide the space 
moving forward? How can staff effectively manage users’ 
access to tools, queues, and information? How can staff 
ensure that the equipment receives proper maintenance? At 
the Georgia Institute of Technology, the Invention Studio 
leadership has spent the past few years developing and using 
the Shared User Management System (SUMS) to help address 
these questions. As presented in 2017 by Imam et al., SUMS 
is an online platform which integrates RFID readers with on-
site kiosks to track usage information for managers and to 
share tool and queue information with end users [1]. 
However, the kiosk-based SUMS system has a few usability 
shortcomings such as a complicated user interface and the 
lack of apparent accessibility outside of the space.  
 
This paper proposes a solution to these challenges via the 
implementation of a smartphone application developed to 
work in sync with SUMS (or a similar database management 
system) to effectively address the concerns of users, staff, and 
administrators alike. The cell phone application presented in 
this paper serves to augment an already powerful system and 
improves many of the common use cases for each of the 
Studio’s major stakeholders. Moreover, the proposed solution 
also draws on the fact that other academic institutions have 
seen resounding success in their own attempts at a 
“makerspace app,” such as the “Mobius” app at the 
Massachusetts Institute of Technology. MIT’s Mobius app is 
designed to address the primary problem of information 
accessibility, offering users a single easy-to-use platform 
where they can find all of the information they need to 
productively use the resources at their disposal. Furthermore, 
the app draws together some thirty to forty makerspaces on 
campus to help facilitate a single collective maker movement 
on campus [2, 3]. The Invention Studio app was designed with 
similar principles in mind, focusing first on granting users 
access to the information they need to be successful in the 
space, then focusing on modularity such that the app can be 
easily carried over to other makerspaces where there is a 

strong potential for technology to facilitate operations and 
data collection efforts. 

COMMON ISSUES AND CHALLENGES 

Before one can fully appreciate the purpose of the proposed 
mobile application, one must first understand the underlying 
issues facing the Invention Studio specifically, as well as the 
body of makerspaces in general. The first challenge arises 
from the fact that the Invention Studio relies heavily on usage 
statistics to solicit funding from donors and the Institute. In a 
space which receives up to fifty new users each week, the 
question quickly arises of how to effectively collect and 
organize statistics on these users and the equipment they use. 
Secondly, as a result of the aforementioned traffic, tools 
frequently break down and require repairs, giving rise to the 
question of how to quickly and efficiently report broken tools 
and record maintenance as it happens. Finally, the most 
common issue facing the Studio to date is the challenge of 
communicating information that users need to effectively 
make use of the Invention Studio’s resources as well as their 
own resource of time. Such information includes the Studio’s 
rules and policies, tool descriptions, the current status of each 
tool in the space, and most importantly, the user’s current 
position in a given queue to use a tool. Not only can each of 
these challenges cause frustration for users, but it can also 
cause frustration for the student volunteers who run the space, 
called Prototyping Instructors (PI, not to be confused with 
Primary Investigator). For example, when a user is unable to 
keep track of their position in a tool queue, the PIs staffing the 
space can easily fall into an uncomfortable position when they 
are approached by a user who is upset because they lost their 
turn. With this in mind, the Invention Studio has made it its 
goal over the past few years to alleviate as many of these 
problems as possible to facilitate a productive frustration-free 
environment for everyone who spends time in the space. 

BACKGROUND ON SUMS 

Originally developed for use in research labs across campus, 
the Shared User Management System has proved to be a 
valuable tool in recent years to alleviate some of the daily 
concerns facing the Invention Studio. Not only does it manage 
tool statuses and queues, but it also provides powerful data 
collection capabilities, which is vital to the success of any 
makerspace. As shown by Cooke and Charnas, data and 
statistics are critical to inform the decision-making process 
for tool organization, purchases, and soliciting funding from 
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grants and other sources [4]. As tools are used throughout the 
Invention Studio, SUMS automatically tracks usage statistics 
about the actual tools as well information about the people 
using the tools. By integrating directly with the Institute’s 
central directory system, SUMS is able to collect information 
which is incredibly useful and powerful, especially when 
considering the fact that other systems would not be able to 
access this information at all. 
 
Beyond data collection, SUMS is also designed to be used 
with “quick-access” card readers which allow users to simply 
tap their campus ID card to log in to the kiosk stations around 
the space. In fact, it is this integration with the campus ID 
cards that allows SUMS to easily retrieve user information as 
mentioned before. This method of access is also supported by 
the fact that a multitude of other makerspaces have begun to 
use RFID cards to control access and manage tools. Similar 
to the system presented by both Darwin, et al. and Merriam, 
SUMS is capable of integrating with physical devices which 
mange tool access by actually controlling a tool’s electrical 
power supply as users log in and out [5, 6]. In addition, SUMS 
is also capable of controlling access to the space itself with 
electrical door locks, much like the “Knock Knock” system 
used in Milwaukee Makerspace [7]. However, despite 
combining all of these different access control systems into 
one comprehensive tool, many PIs and Invention Studio users 
often find that the system fails to fully or effectively address 
their needs, which opens the door to develop additional 
solutions to better serve the Studio overall. A more thorough 
explanation of SUMS can be found in Imam, et. al. [1]. 

THE INVENTION STUDIO APP 

A. WHY IS AN APP NEEDED? 

A smartphone application can easily address the issue of 
accessibility by giving users full access to this information 
from anywhere at any time. In addition, by creating a piece of 
software, which is designed specifically for the user’s mobile 
device, the overall experience should be more user friendly 
and accessible. SUMS provides a powerful backend database 
support system which can access and store user information. 
The on-site SUMS kiosks with RFID readers allow a user to 
quickly access relevant information. PIs use SUMS to 
indicate if any tools are down for maintenance. Users of the 
space use SUMS to log their use and to enter the equipment 
queue. All these functions are available only at the on-site 
kiosks and the information is available only at the kiosks. This 
limited access to information about tools and tool queues can 
lead to frustration for both users and PIs alike when someone 
loses their spot because they were unaware that the queue had 
advanced.  

Beyond accessibility, the other benefit of a smartphone 
application is its ability to offer additional features not 
currently available through SUMS kiosks. Rather than 
adopting separate tools to manage other tasks such as user 
feedback and tool repair requests, a smartphone application 
can provide a single, unified platform, which offers each of 
these features and the tool management features available in 
SUMS. In addition, an application can augment and improve 

upon SUMS to offer features such real-time push notifications 
to inform users immediately when it’s their turn in a queue. 
Overall, the combination of these features with improved 
accessibility justifies the need for a smartphone application to 
more effectively manage the Invention Studio as a whole. 

B. WHAT DOES THE APP DO? 

With each of the aforementioned concerns in mind, the 
Invention Studio app was created during the 2017-2018 
academic year with the goal of launching at the end of the 
2018 Spring semester. The application was designed with a 
number of specific features in mind to build on top of the 
SUMS system and produce the best possible user experience 
overall. Firstly, the application authenticates a user based on 
their Institute login credentials. The first time the user logs 
into the app, the system confirms that the user has accepted 
the Invention Studio’s user safety agreement on the SUMS 
kiosks before enables them to move forward and use the app 
(Fig. 1). The application brings into focus the written 
information about each tool, which is a feature in SUMS that 
many users are unaware of (Fig. 1).The application is also 
able to retrieve real-time data about tool status and tool 
queues, granting greater accessibility for both users and PIs 
(Fig. 2 and 3). 

 

 
Fig. 1 Example “User Agreement” page 



  

 
Fig. 2 Example status and information screen for the 3D printer 

named “Baymax” 

 
Fig. 3 Example tool queue page for all machine groups 

 
Fig. 4 Example tool queue push notification 

 
Fig. 5 Example “Report Problem” screen for the 3D printer named 

“Baymax” 



  

In addition, the application will receive push notifications, 
which alerts users immediately when it is their turn in a queue, 
alleviating concerns of losing one’s spot simply because they 
were not aware that it was their turn (Fig. 4). The application 
also offers a clear and easy method for users to report 
problems with tools, calling for maintenance as necessary 
instead of leaving broken tools out for PIs to discover later on 
their own (Fig. 5). And finally, the last major feature which 
the application offers is the ability for users to easily 
communicate with Invention Studio officials via feedback 
forms where they can submit feedback about the Invention 
Studio in general and about specific PIs who staff the Studio. 

C. HOW IS THE APP BUILT? 

The Invention Studio mobile app was built for both iOS and 
Android devices using Apple’s Xcode and Google’s Android 
Studio respectively. Specifically, the application was 
developed on both platforms in tandem to ensure that that it 
would be available to serve the majority of the Invention 
Studio’s user base at the same time, rather than developing 
and releasing separately on each platform. To ensure 
consistency across both platforms, the application relies on 
two separate web APIs to send, process, and retrieve data. The 
first was developed by the SUMS development team to grant 
the application access to the “raw” data it would need to 
display information about the tools and tool queues. In this 
way, the application does not replace SUMS, but rather 
provides an alternative and more readily accessible user 
interface. The second API was developed specifically for the 
purpose of supporting the application’s additional needs 
which were not addressed by SUMS. For example, the ability 
to report broken tools or to provide feedback about the 
Invention Studio required additional back-end services, which 
were not offered by the SUMS data API. The differences 
between SUMS and the Invention Studio mobile app are 
further clarified in Table 1. 

The application relies on Google’s Firebase Cloud Messaging 
system to send real-time push notifications to users on both 
iOS and Android devices (Fig. 4). To ensure that users are 
updated immediately when it is their turn in a tool queue, the 
SUMS system has been modified to trigger an event on the 
custom Invention Studio API which would then send a 
notification to the appropriate users’ phones via Firebase. 
Together, the application and these three external systems tie 
together to provide users with access to information and 
services which extend far beyond anything previously 
available, which in turn extends the ability for individuals to 
effectively utilize the Invention Studio as a whole. In addition, 
the modularity with which each of these systems is built 
affords for the application to be easily translated and utilized 
in other makerspaces with different database management 
systems than SUMS, both on campus and abroad. The 
application code is available as public repositories on  GitHub 
(https://github.com/Invention-Studio/invention_studio_andro 
id; https://github.com/Invention-Studio/invention_studio_ios 
for Android and iOS versions, respectively). 

 

Table 1 Differences Between SUMS and Invention Studio App 

 SUMS I.S. App 

Owner, 
Developer 

3rd Party  
Organization 

Invention Studio 

Data Storage Space information, 
tool information, 
user information, 

tool queues 

Feedback reports,  
images 

Accessibility On-site kiosk 
(limited access); 

website (designed 
for  

admins, difficult for 
general users) 

Users’ personal cell 
phone, designed for 

native platforms 
(always accessible, 

user-friendly) 

Primary 
Features 

Space information, 
tool information,  

tool queues, 
tool access control, 

data analytics 

Space information, 
tool information, 

tool images, 
tool queues, 

feedback reports 

Queue  
Notifications 

Emails (susceptible 
to delays) 

Push Notification 
(immediate) 

FUTURE WORK 

As mentioned before, the Invention Studio application was 
developed over the course of a single academic year, meaning 
that there was only time to implement features which 
addressed the most common, and pressing challenges in the 
space. Indeed, throughout the development process, many 
more features than are present today were conceived and 
suggested for the application, and moving forward, the 
application will continue to grow to include these features to 
create a more powerful and useful system overall.  

Future version of the app will contain a feature for Invention 
Studio PIs to keep an ongoing chat-style maintenance log for 
each tool. Not only will this feature provide additional 
statistics regarding usage, but this will allow PIs to understand 
why a tool is broken when it is marked as down, rather than 
each PI individually investigating the cause. In addition, this 
will allow the experts on a particular tool, called masters, to 
keep track of which tools need to be repaired. Another feature 
to expect moving forward is the ability to view a list of 
Invention Studio PIs along with any necessary information 
about each, such as the times they work and the official 
positions they hold (if any) such as master or executive. This 
will allow users to more easily provide feedback about a 
specific PI when necessary, and also to contact a master or 
executive for specific questions or special requests. The next 
feature expected to be implemented soon is a map of the 
space, which will be especially useful to new users for 
locating a specific tool within the Invention Studio. Although 
this may not be a particularly popular feature for users who 
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have experience with the space, this feature can go beyond 
marking the location of larger tools such as the 3D printers to 
include the location of each of the smaller, harder to find tools 
such as those, which are kept in drawers or cabinets.  

One final feature to be added is the ability to include 
photographs alongside feedback submissions, especially the 
“tool broken” feedback type, which will allow those receiving 
the feedback to more easily investigate problems as they arise. 
Beyond these features, there have been significant discussions 
around the possibility of increasing the scope of the app to 
provide more comprehensive coverage of all of the Invention 
Studio’s needs, reducing or completely removing any 
dependency on SUMS from the user’s perspective. By 
shifting all of the critical SUMS functionality to the app, such 
as the safety agreement and the ability to log in to a tool or 
tool queue, the app may provide a better, smoother user 
experience overall. 

CONCLUSION 

For an academic makerspace where funding depends on 
ensuring safety and gathering useful usage statistics, having a 
reliable platform to collect and disseminate information is 
critical. For concerns such as tool authorization and safety, 
queueing, and effective communication, technology has 
proven to be a powerful tool for the users, staff, and 
administrators. However, where one piece of technology falls 
short, another can pick up the slack to create a set of tools 
which foster smoother operations for everybody involved, 
and in the end, the space may turn to focus all of its efforts on 
facilitating learning and making as is the mantra of academic 
makerspaces. While an on-site kiosk (at door entry or next to 
a machine) might be better suited to collect user information, 
allow users to join a queue and grant access to a tool, it is not 
necessarily a good platform to disseminate information about 
the space and the tools within the space. A smartphone-based 
application could help bridge this gap and bring user specific 
relevant information to the end-user with least hassle possible. 
The software presented in this paper provides a framework 
and an intuitive user interface that makerspaces could use to 
connect their database management systems to build an 
effective communication platform among their users, staff 
and administrators alike.  
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