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Abstract The mobile augmented reality(MAR) market is rapidly growing with following the sudden
rise of the metaverse. However, research on improving user experience in mobile augmented reality
environment is lacking. This study aims to develop the usability principles of an AR-based
smartphone app. The research conducts following methods. 1)The characteristics of MAR were
understood to identify usability elements of AR apps. 2)Usability principles were collected through
analysis of case studies on the usability of AR and the 14 usability principles were developed
through in-depth interviews with experts for the purpose of chunking. 3)To verify the 14 developed
usability principles, evaluation items were composed based on the usability principles and usability
evaluation survey was conducted. Consequently, significant differences were found in immersivity,
presence, efficiency, satisfaction, playfulness and It was verified that the developed usability
principle is useful in developing AR based smartphone apps. This study is meaningful in that it
conducted the basic research of mobile AR usability principles
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Table 1. Collected

Usability Principles

Precedent research

Usability Principles

A Dinser, R Grasset, H
Seichter & M
Billinghurst(2007).
Applying HCI principles
to AR systems design

Affordance, Reducing cognitive overhead,
Low physical effort, Learnablity, User
satisfaction, Flexibility in use,
Responsiveness, Feedback, Error tolerance

J. W. Lee(2012). The
Attributes of Usability
Test for Augmented
Reality Environment

Clarity of system, Ease of input devices,
Playfulness, Personalization, Feedback,
Presence(involvement of ambient),
Presence(involvement of sensory),
Presence(Clarity of Coherence), Presence
(reality of expression)

S. M. KO, W. S. Chang
& Y. G. Ji(2013).
Usability Principles for
Augmented Reality
Applications in a
Smartphone
Environment

Defaults, Enjoyment, Familiarity, Hierarchy,
Multi-modality, Visibility, Consistency,
Learnability, Predictability, Recognition,
Error management, Help and
documentation, Personalization, User
control, Direct manipulation, Feedback, Low
physical effort, Responsiveness, Availability,
Context-based, Exiting, Navigation

S. Ganapathy(2017).
Design Guidelines for
User Interface for
Augmented Reality

Clear Textual Information, Contrast,
Grouping, Placement, Alert/Attention
Sensitivity, Interaction Methods, Distinct
Icons, Visibility and Distance

P. E. Kourouthanassis,
C. Boletsis, G.
Lekakos(2015).

Demystifying the design

of mobile augmented

reality applications

Use the context of providing content,
Deliver relevant to the task content, Inform
about content privacy, Provide feedback
about the infrastructure’s behavior, Support
procedural and semantic memory

T. C. Endsley, K. A.
Sprehn, R. M. Brill, K.
J. Ryan, E. C. Vincent
& J. M. Martin(2017).
Augmented reality
design heuristics:
Designing for dynamic
interactions

Fit with user environment and task, Form
communicates function, Minimize
distraction and overload, Adaptation to user
position and motion, Alignment of physical
and virtual worlds, Fit with user's physical
abilities, Fit with user’s perceptual abilities,
Accessibility of off-screen objects,
Accounting for hardware capabilities

W. Kim & C. S.
Lee(2018). A Study on
User - centered
Usability Elements of
User Interface Designs
in an Augmented
Reality Environment

Controllability, Input method, Direct
Manipulation, User Control, Interaction,
Efficiency, Feedback, Ease, Learnability,
Simplicity, Predictability Consistency,
Congruity, Visibility, Size, Attractiveness,
Arrangement, Accuracy, Effectiveness,
Subjective satisfaction, Familiarity

A. Ejaz, S. A. Ali, M. Y.
Ejaz. F. A.
Siddiqui(2019). Graphic
user interface design
principles for designing
augmented reality
applications

Affordance(Perceived affordance),Visibility
and natural mapping, Low physical effort,
Learnability, User satisfaction, Feedback,
Error tolerance, Reducing the cognitive
burden, Flexibility, Simplicity
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Table 2. Usability principle for Smartphone AR Application

Representative principle Definition

Visibility

w

. Design elements (position, size, shape, color, motion, etc.) should be designed not to interfere with each

other visually.

. The user should be able to immediately identify the information presented.
. The font used should be readable.

Learnability

B WN =

. The user must be able to learn the design purpose and function of the interface in a short period of time.
. The user’s learning process should not be recognized as learning as much as possible.

. Familiar graphic elements and terms should be used to help users learn.

. Help should be given to users by providing a guide for functions users have not experienced.

Immersivity

N

. Cognitive load should be minimized in the process of interaction between users and systems.
. Information that helps users make functions feasible should be provided so that they do not need to use

working memory.

. Commonly used terms and interfaces are to be maintained consistently for the users to quickly understand

the meaning and function.

Clarity

. The visual representation and intrinsic meaning of the provided information should be delivered to the user

as intended by the design.

. The system response shown by the user's manipulation method should be intuitive.

Affordance

. An interface containing social cognitive information has to be designed for the users to predict functions

from the visual form.

. Functions unfamiliar to users should be able to induce behaviors from them through active appeal

information.

Presence

o

. Information suiting the context (visual information, auditory information, tactile information, etc.) should be

provided.

. AR objects should be expressed in realistic form and color.
. AR experience should be designed considering the user's environment and type of work.
. The real and virtual environments should be recognized accurately without any awkwardness in spatial

expression.

. Visual expression should be clarified by the use of contrast between design information and the actual

environment.

Controllability

. You should make the user feel like they are controlling the system, in such ways as stopping work directly

or making it easier to return to the previous work situation.

. Users should be free to navigate in the application.
. Users should be able to easily recognize and manipulate elements outside the screen.
. When reworking, the options set in the previous work must stay the same.

Error management

. When an error occurs, a notification should be given, and a solution should be provided to quickly resolve

the error.

. To prevent errors, the AR experience should be designed to accommodate the functions and limitations of

the platform.

Efficiency

B WN =

. The goal is to be achieved by minimizing the user's physical effort and interaction phase.

. When designing an interface, arrangement and configuration should be labeled as important

. The interface should be open to modification to suit the user's characteristics and environment.
. Information should be designed step by step.

Responsiveness

N

. The system must respond quickly to the user's behavior and immediately inform the current state.
. Users should be able to recognize whether their personal information on their activities is stored.
. User’s boredom should be minimized in situations where it is inevitable for them to wait for a long time.

Flexibility

. Various types of input and output methods should be provided.
. When the user switches their usage environment or work state it should be changed to an appropriate

interface.

. The interface should be designed appropriately for the user's characteristics and use environment.

. 2. Information should be provided in an appropriate form according to the user's environment and working
Contextuality condition
3. Switching to a contextual interaction method should be possible.

Playfulness

. The visual expression style should be attractive.
. Feedback must be delivered through the five senses and must meet the user's expectations.
. Good memories should be given to users through positive feedback.

Satisfaction

. User's satisfaction should be able to be recognized by considering quantitative and qualitative data.
. Periodic management using the user's behavioral data is required in order for

users to maintain high
satisfaction with the service.
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Related Principles

Questions item

. Is the design factor (position, size, form, color, motion, etc.) designed not to interfere with each other visually?

Visibility

. Can the shown information be immediately identified?

. Is the used font readable?

. Didn't it take a long time to learn the design purpose and function of the interface?

Learnability

. Was the learning process for the application usage natural?

. Were the graphic elements and terms familiar?

. Wasn't it inconvenient because there were many factors to pay attention to during the interaction process?

X |N[ojo|~|lwWN|(—

Immersivity

. Will there be no difficulty in using it again after a long time?

9. Are the terms and interfaces used consistently maintained?

10. Was the visual representation and intrinsic meaning of the information provided easy to understand?

Clarity

11. Was the system response shown by the manipulation method intuitive?

Affordance 12.

Is the interface designed to predict functions from visual form?

13. Did you provide information suitable for the context (visual information, auditory information, tactile information, etc.)?
14. s the directions screen expressed in realistic shapes and colors?
Presence 15. Is the virtual content designed according to the user's condition and type of work?
16. Was it possible to accurately recognize the actual environment and virtual spatial expression without any awkwardness?
17. Did you make it clear with the visual expression between virtual information and the actual environment through proper contrast?
18. Was it easy to pause working or go back to the previous working status?
Controllability 19. Were you able to freely .explore in the application? : :
20. Were the elements outside the screen easy to recognize and manipulate?
21. When moving to another screen, were the options set in the previous task maintained the same?
22. Do you think the user’s physical effort and interaction phase have been minimized?
Efficiency 23. Was the arrangement and configuration of the interface appropriate?
24. Is the information designed step by step?
Responsiveness [25. Did it respond quickly to the behavior and immediately notify about the current state?
Flexibility 26. Are various types of input and output methods provided?
27. Has it been changed to an appropriate interface when switching the user environment or work state?
. 28. Is the interface designed to suit the user's characteristics and usage environment?
Contextuality - - - - - : - - —
29. Was the information provided appropriately according to the user's environment and working condition?
Satisfaction 30. Are you satisfied with the application?
31. Do you think the visual expression style is attractive?
Playfulness - - —
32. Were good memories made through making positive feedback?
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Table 4. The results of survey Reliability Analysis

Category
The first survey
The second survey

cronbach's &
0.908
0.884

Descriptive statistics
Category N P M D t(p)
Immersivity |- Wasn't it inconvenient because there were many factors to pay| Naver Map 50 3.1800 | .82536 -4.993
Y lattention to during the interaction process? Prototype 50 3.8000 75693 | (.000)***
14. Is the directions screen expressed in realistic shapes and| Naver Map 50 3.4400 -76024 -4.610
colors? Prototype 50 38800 | 55842 | (000)**
p 16. Was it possible to accurately recognize the actual environment| Naver Map 50 3.4200 64175 -4.200
FESENCe  land virtual spatial expression without any awkwardness? Prototype 50 3.7200 64015 | (.000)***
17. Did you make it clear with the visual expression between| Naver Map 50 3.4400 /83690 4,056
virtual information and the actual environment through proper \kxx
contrast? Prototype 50 37800 | 61578 | (000)
Efficienc 22. Do you think the user's physical effort and interaction phase| Naver Map 50 3.6000 80812 -4.030
Y Ihave been minimized? Prototype 50 3.9800 62237 (.000)***
Naver Map 50 3.56000 .93131 -4.921
Satisfaction |30. Are you satisfied with the application? N xxx
Prototype 50 3.9000 | .70711 | (000)
Naver Map 50 3.1000 .78895 -4.045
Playfulness [31. Do you think the visual expression style is attractive? \xwx
Prototype 50 3.5400 | .64555 | (.000)

*p<.05, **p.01,
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