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Figure 1: All of the screens of the application.

ABSTRACT
In this day and age, there is a need for more tools in education that
take advantage of the new frontiers of technology. Students have
grown up in a digital world and can quickly adapt to newmethods of
learning. XR, or extended reality, involves the use of technology to
upgrade the physical world. Augmented reality (AR), in particular,
has a nice balance of enhancing the physical world with digital
models while also remaining convenient and accessible since it can
be done through a smartphone. This study looked at whether an
AR iOS application could be an effective and engaging learning tool.
The application was designed to be an augmented reality game
and exergame by being a scavenger hunt that accompanied a tour.
Preliminary results reveal that participants enjoyed the game and
found that it made the tour more educational and slightly more
engaging.
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1 INTRODUCTION
Augmented Reality (AR) is the overlay of digital media on the real
world as perceived through a screen. This new technology has most
often been applied to the realm of gaming, leading to the creation
of Augmented Reality Games (ARGs). These ARGs have many new
possible applications in the field of education.

The goal of this project was to create a curriculum for middle
school, high school, and undergraduate students to learn about
the basics of structural biology through an ARG. The location of
focus was the IlluminationSpace in the CUNY Advanced Science
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Research Center (ASRC). The outreach program works with stu-
dents to introduce them to the work of their scientists and inspire
them in their STEM careers. This research tests whether an iOS
application can support this mission and be an effective learning
tool for structural biology.

2 RELATEDWORK
2.1 Structural Biology
The focus of the application will be structural biology as to align
with one of the ASRC’s five initiatives. Specifically, the goal is to
teach about molecule structure and crystallization.

Structural biologists aim to understand how the building blocks
(i.e. molecules) are structured and interact with one another so that
the processes of life can be understood [13].

2.2 Biochemistry in Mixed Reality
The use of AR aligns well with the educational aspect of this project.
A key part of biochemistry and molecular biology as a whole is
visualizing molecules and how they interact. For students with
poor spatial abilities, this can be near impossible without any help,
emphasizing the importance of using new methods and available
technology to help students ’see’ the molecules [16].

Students in this day and age have grown up in a world where
technology is everywhere, making them particularly adaptable to
new digital methods of learning [4]. Reeves at al. 2021 aimed to
find whether AR could be used to aid with learning biochemical
material since AR allows for object-based learning without the
physical object and the molecules studied are much too small to be
perceived with raw vision [14]. They had two education goals in
mind: 1) how structure leads to function for proteins and 2) how
genetic mutations can alter structure, which leads to disease. The
authors found that the combination of lectures and AR had the best
performance, indicating that AR is an effective tool for learning
structural biology.

Given the general success with using AR in teaching biochem-
istry, many instructors would like to use these tools to teach, but
they do not have the time or experience to develop their own [2].
That is why it is so important to develop new techniques and appli-
cations that at a minimum provide a framework that teachers can
adapt to their purposes.

2.3 Exergames
Exergames are defined as video games that cause the player to ex-
ercise in the process of playing the game. An example of a popular
exergame is the ARG Pokemon Go by Niantic Labs. Ruiz-Ariza et
al. 2018 found that the game increased physical activity, thereby
promoting cognitive performance and emotional intelligence [15].
When comparing cognitively engaging games with exergames,
physical activity was determined to engage the mind the most
[5]. Given that the IlluminationSpace is already an area dedicated
entirely to learning, it made sense to take advantage of that space
and encourage students to be active while learning.

One of the key issues with exergames and game design in general
is making the game engaging so that users will want to keep playing
[10]. XR is the perfect solution to this issue because its core principle
is immersion. Although virtual reality is more immersive than

augmented reality, AR provides enough physical and social context
to create an immersive environment [16].

3 METHODOLOGY
An iOS application was built to display different items from struc-
tural biology topics. The application was built using Xcode in Swift
and was designed for use through iPhones and iPads. The applica-
tion specifically uses Apple’s RealityKit to display these items as
3D through AR.

The subject material was split into three sections: protein struc-
ture, x-ray crystallography, and scientist spotlights. Altogether
there were 8 different molecules used along with 4 2D images. The
images used to describe the process of x-ray crystallography were
provided courtesy of Dr. Eta Isiorho.

To display 3D models of molecules, .PDB files were used. Models
were taken from RCSB PDB. Visible in Figure 1 are 1ZX3, 4R8O
[17], 6B90 [9], 6M1D [18], 103D [8], and 6VNA [11]. Another two
models were used but do not appear in the figure: 1S1Y [1] and
4IWM [7]. These files were loaded into ChimeraX to adjust the
color then downloaded as .GLB files. These .GLB files were brought
into Apple’s RealityConverter and turned into .USDZ files. The
.USDZ files were imported into Apple’s RealityComposer to build
the scene of the molecule model on top of a QR code.

In order to try to keep users active to stimulate the brain through
physical activity, the application uses the format of a scavenger
hunt through the ASRC space. The QR codes were printed and
placed around the building, requiring users to go up and down the
stairs and move throughout the space to find them. When users
scan a code with their phone camera through the app, they are able
to see the item in 3D through their screen. The model is stationary
on the QR code, but the user can move around, allowing the user
to see it from different perspectives.

Figure 2: The 3D model of 103D on its QR code.

To promote learning, once a user scans an item, they receive
information on the item. If they want to review the information,
they can go to the collection tab and tap on the item’s image. To
promote competitiveness and the game aspect of the application,
the collection tab also indicates which items have not yet been
collected and how many are left.
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4 USER STUDY
In order to test the effects, user testing was done with a field trip
group. No identifying information was collected– only feedback.

Due to Apple’s limit to the number of devices that can run a
developed iOS application, only two devices were able to download
and run the app. Therefore, students were divided into two groups.
Each group was given one of the iOS devices with the app and
instructed to share the device. The students were shown how to
use the app with one example QR code. Then, they were instructed
to keep an eye out for similar QR codes around the building during
the tour.

At the end of the field trip, all students were given the link to the
same survey. The survey had two parts, a multiple choice section
and a free response section. The multiple choice section used a
Likert scale with feedback rankings on scale of 1- strongly disagree
to 5- strongly agree [12]. Questions focused on three topics: us-
ability, education, and fun. The usability questions were inspired
by the System Usability Scale [6]. There were 11 questions total.
This breaks down to 5 usability, 3 fun, and 3 education questions.
The maximum possible score was 55. The free response section
only asked two questions: "What did you like about the applica-
tion/game?" and "What do you think could be improved about the
application/game?"

5 RESULTS AND ANALYSIS
Out of 7 students who went on the tour, only 5 filled out the study
survey afterwards. One user who filled out the survey later came
back after submission saying that they filled out the multiple-choice
portion wrong, switching the "Agree" choices with the "Disagree"
choices. Their data for the multiple-choice section was therefore
removed, although their written feedback was retained. The mean
response was 50.75. The median response was 51.5.

All of the remaining users had positive reactions to the AR ap-
plication. Most users seemed quite impressed with the AR content.
User 3 specifically pointed out that "[they] liked how the visualiza-
tion was experienced through the phone."

All the users gave some helpful advice about what could be
improved about the application. Two of the users mentioned that
it would have been nice to be able to access the 3D models again
without having to find and scan the QR code again. Another couple
of users wrote about how some of the displays were not clear. In
the collection tab, semi-opaque screens were used to cover the
molecules that were not yet unlocked, but the color was not dark
enough in some cases, making it unclear the status of that item.
Also the button on the camera tab made it seem like a picture was
being taken and saved. In reality, the button just serves as a way to
unlock a molecule.

6 DISCUSSION
Overall the results of the user study survey seem quite positive. If
a respondent was completely neutral about everything, then their
score would have been 33. Both the median and the mean were
well above this level, indicating a more positive opinion of the ap-
plication. If the median and mean were converted to a 100-point
scale instead of a 55-point scale, their values would be approxi-
mately 92.7 and 92.3, respectively. Bangor et al. 2009 found that an

Figure 3: The questions, sorted by subject matter, and the re-
spondent’s answers. A check mark indicates a positive score
(4 for "Agree" or 5 for "Strongly Agree"), whereas a blank
space indicates a negative or neutral score (1 for "Strongly
Disagree," 2 for "Disagree," and 3 for "Neutral").

adjective rating of "Excellent" had a mean score of 85.5 [3]. The
converted mean and median are higher than the "Excellent" score.
This suggests that the scores from the survey would be considered
good.

Still, given the small sample size, neither the median nor the
mean are particularly reliable metrics. Also, the survey was not
entirely made up of the true SUS questions. Keeping that in mind,
the survey questions can be broken down into their sections.

The iOS application was designed to test the feasibility of aug-
mented reality as a learning device for structural biology. The trick-
iest part of structural biology is visualizing molecules, and the
majority of participants agreed that seeing the 3D models through
AR helped. 4 out of the 5 users declared that the game made them
want to learn more and that they did actually learn something from
the game. The positive findings of this pilot study confirms that AR
can be an effective assistant in learning structural biology.

Furthermore, the generally high usability scores suggest that
users were able to quickly adapt to the foreign application. This
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serves as a proof of concept for AR in STEM education as well as
for other applications, such as engaging tours.

6.1 Limitations
The study was only run with one group of undergraduate students.
Only 7 students were able to try the app, and only 5 provided
feedback through the survey. By sending a survey link and asking
users to fill it out on their own time, volunteer bias was introduced.
The ones who filled out the survey might be motivated to do so
because they have stronger opinions.

In addition, the target age range for the IlluminationSpace in-
cludes middle school and high school students. While the prelimi-
nary results of this survey suggest that the AR could be a useful
addition to the IlluminationSpace, there is no guarantee that the
tour would be as effective with younger students.

Finally, the survey did not gather any information about the re-
spondents. Demographic information certainly could have affected
the way users perceived the application. For example, someone
with a higher socioeconomic status would likely have more access
to XR technology and better able to adjust to the application than
someone who had no previous experience with AR.

6.2 Future Improvements
One of themain goals of developing this applicationwas to create an
immersive learning environment for students coming to the ASRC.
While the AR aspect was fully implemented, users were limited to
visual models that they could see from different perspectives. For a
more immersive experience, users should be able to interact with
the AR models. This would make the game more enjoyable because
it gives the user more agency and maintains their attention on the
application.

Another area where the application could be improved is the
learning aspect. At the moment, the application has a collection
screen where users can click on the items that they have unlocked
to learnmore. This method therefore depends entirely on the user to
seek out more information. While the application is intended to act
as support for the tour, it should still bemore active in teaching users
about the molecules. One possibility would be creating a popup for
each time a molecule is unlocked, which would encourage users
to read the captions for the image. Alternatively, unlocking the
molecule could take the user directly to its caption. Furthermore,
the user survey should also include some questions on the subject
material in order to test how much was actually absorbed.

To improve usability, an in-app tutorial would be ideal. A demo
was presented at the start of the tour, but given that the smartphone
screen is small and there were multiple people, it was likely difficult
for users to see everything that was going on.

As users suggested, the user interface could be improved. The
color scheme could be clearer to indicate which molecules were
locked and unlocked. In addition, badges on the items that were
newly unlocked would draw more attention to the collection tab
and draw users to to click on the items to read more. More efficient
code would reduce loading times and stop the app freezing when
the camera portion opens.

Finally, although the application was designed to be an exergame,
physical activity was not monitored. Keeping track of the user’s

heartrate or a similarmetric would lead to better analysis of whether
the scavenger hunt was an effective game mode for learning.

7 CONCLUSION
This paper serves as a preliminary study on whether an iOS aug-
mented reality exergame can be used as a learning device for STEM
education. Although there were a limited number of participants,
the positive feedback shows that users were able and wanted to
use the application and got some structural biology knowledge
out of the experience. This shows that an iOS application like this
that uses RealityKit could be used to engage students and help
them visualize 3D structures. In the future, this prototype could be
expanded upon and generalized for classrooms worldwide.
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