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Abstract

This study examined how presentation scale and device form factor affects declar-
ative and spatial learning in augmented reality (AR) environments. The two form
factors studied in this experiment were mobile-based AR using a third generation iPad
Pro and head-mounted AR using a Microsoft Hololens2. These form factors were cho-
sen to examine how the more expensive head-mounted AR displays compared to more
widely available mobile-based solutions. Scale was chosen to examine how natural lo-
comotion contributed to learning in AR. Two scales were examined: a room-scale
environment that allowed participants to move freely, and a table-scale environment
that participants viewed while seated. To test the impact of these factors we created
a virtual cemetery based on Edgar Lee Masters’” book Spoon River Anthology. We
conducted a 2 (form factor) x 2 (scale) experiment on 131 participants exploring an
AR learning environment across four conditions: Holoens2-Room, Hololens2-Table,
iPad-Room and iPad-Table. Post experiment participants completed a 20-question
multiple choice quiz to test declarative learning outcomes, a spatial reconstruction
measure to test spatial learning, and a Likert scale survey to have participants self-
report on their experiences with AR. Post experiment analysis found that neither
form factor nor scale had a statistically significant impact on participants learning
outcomes. We also noted a positive correlation between declarative learning and

composited measure of participant’s enjoyment on the Likert survey.
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1 Introduction

Augmented reality (AR) has been shown to be a bene cial tool in educational
settings. Multiple studies have shown that AR has positive e ects on motivation,
and engagement in classrooms as it allows for a more interactive and experiential
learning (del Cerro Vebzquez and Morales Mendez 2021; Garon and Acevedo 2019;
Ozdemir et al. 2018). In particular AR can be bene cial to spatial understanding as
it allows a user to use natural movements to explore an environment. AR allows users
to change their view of a virtual object by simply walking around it (Bujak et al.
2013). Viewing 3D models of objects has been shown to be bene cial in developing
student's spatial skill (Katsioloudis et al. 2014). Spatial skills are bene cial in a
number of elds such as math, engineering and chemistry as it aids in students ability
to view and understand 3D models in theses elds (Cai, Wang, and Chiang 2014;
Onyancha et al. 2009; Tosik Gan and Atasoy 2017). For example, Lei et al. 2021
found that 3-D interactive learning environment enhanced learning by engineering
students by increasing interactivity and exibility in conducting experiments in a
control system design class (Lei et al. 2021). However full natural movement requires
a large space to operate in, which is not always available. In order to investigate the
importance of a full scale environment for AR adapted an experiment that examined
navigation in virtual reality to work in AR (Downs et al. 2022). (Downs et al. 2022)
examined spatial and declarative knowledge learning outcomes related to exploring a
virtual reality (VR) environment. We created two scales for our experiment: a room-

scale experiment that participants could freely walk though and a table scale version



viewed while seated. We hypothesized that participants in the room-scale version
of our experiment would perform better in terms of spatial and declarative learning

outcomes as the act of physically walking though an environment gives additional
context helpfully in developing a better spatial understanding of an environment.

Our work also focuses on the a ordance of a medium's modality, as de ned in
the MAIN model (Sundar 2008). The MAIN model de nes four a ordances by which
technology is perceived: Modality, Agency, Interactivity and Navigability, which |
will discuss in detail later. Modality refers to the form a technology takes and how
it is structured. We investigated whether altering the modality to a more immersive
form than has been previously used would increase learning. The majority of AR
research has used less expensive mobile devices such as a smartphone or tablet AR
(M. Akcay r and G. Akcay r 2017). In contrast, our experiment was initially designed
to work on head-mounted display: the Microsoft Hololens2 which provides a more
immersive experience. To see if our choice of modality a ected learning in AR we
developed a second version of the experiment than ran on a tablet: iPad Pro 3.
Ultimately, our experiment sought to address the following research question.

RQ: What is the relation ship between form factor and scale on learning in Aug-
mented Reality?

In order to answer this question, we created a 2 (Form Factor) by 2 (Scale) ex-
periment. To the best of our knowledge we are the rst to examine the di erences in
navigation in AR across form factors. Our dependent variables related to learning out-
comes were assessed by a multiple choice narrative test about information read within
the AR environment and a spatial reconstruction test developed to gauge spatial un-
derstanding. A MANCOVA analysis of results on these tests found no statistical

di erence between spatial or declarative learning outcomes across all conditions.



2 Background

2.1 De nition of Augmented Reality

Augmented Reality (AR) refers to technologies that combine elements of the dig-
ital world with the real world. This stands in contrast to Virtual Reality (VR) which
completely immerses a user in a digital environment. We focused on AR that aug-
ments a user's vision, by overlaying digital images over a user's view. This e ect
can be achieved through two categories of AR as de ned by (Milgram et al. 1995),
monitor-based AR and see-through AR. For the purpose of the study we looked at
these two categories of AR in terms of two common form factors: mobile-based AR
and head-mounted AR.

Mobile-based AR is a prime example of what (Milgram et al. 1995) refers to as
monitor-based AR. In monitor-based AR digital elements are overlaid onto a recorded
or live video (Milgram et al. 1995). In mobile-based AR, video of the real world is
captured using the camera on a mobile device such as a phone or tablet 2.1. This video
is then displayed on the device's screen with digital elements drawn on top. Mobile-
based AR is currently the most well represented form factor of AR in current research
(M. Akcay r and G. Alkcay r 2017), due to it's relatively low cost and portability
as it's avalible on most current phones and tablets (Furb et al. 2013). However
there are also notable draw backs to mobile-based AR including: a small display and
touch interface, an inability track a user's head location, and an inability to render

stereoscopic images (Zhu and Grossman 2020). As such they may not be suitable for

3
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