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Abstract

Augmented Reality is the recent media that is enabling special human-computer interaction experiences. The interactive 3D holo-

graphic system is an AR technology that provides users with a hybrid visual experience in which 3D Hologram becomes a part of the

real world. As AR applications are relatively novel, most targeted users are novices. Hence, for these users, several actions in the AR

apps can be confusing, and they might find it difficult to use them. Moreover, as we move forward with AR technology, understanding

how users interact with the holograms is essential. Therefore, usability evaluation plays a crucial role in accepting this kind of ap-

plication by the targeted group. Since most relevant studies have focused on technological developments, the usability of holographic

AR applications has not been discussed frequently in the literature and there is a need to explore their usability problems and define

user experience guidelines. This paper, aims to evaluate the usability factors and explore usability issues in Holographic Augmented

Reality (AR) applications using HoloX as a pilot through a cognitive, walk-through, heuristic evaluation, laboratory observation and

questionnaire approaches. In conclusion, this paper offers a framework of design guidelines for AR applications for the end users.
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Introduction

Innovations in display technologies created new experiences of
human-computer interaction. Augmented reality (AR), and holo-
graphic projection are of these technologies providing users new
three-dimensional (3D) visual experiences in real environments
[1]. They try to integrate the virtual and real-world together. AR
Uses various computer vision and machine learning algorithms to
analyze what the user sees to enhance what is relayed to the user

more realistically [2].

In recent years, holographic AR applications have gradually de-
veloped for mobile devices. As these applications are still a new
emerging technology and the target users are novices, they find it
difficult to interact and treat with Hologram. Therefore, usability
evaluation plays a crucial role in accepting this kind of applica-
tion by the targeted group. Relevant studies mostly have focused
on technological developments [3] and the number of researches
that have explored the user’s experience or usability problems of

holographic AR applications is relatively low. Hence, there is a need
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to explore their usability problems and propose user experience
guidelines. The present academic research was conducted to mea-
sure the usability factors and explore the usability problems of Ho-

loX to pilot Holographic AR applications.

Considering the literature, we combined and reinterpreted
some usability measures for an augmented reality context by
adapting the ISO 9241-11 and Nielsen Heuristics. Then, it con-
ducted follow-up observation and questionnaires. An evaluation is
more valid if the evaluation was done in multiple methods in order

to confirm the

result of the evaluation. Hence, four methods have been chosen
to analyze the targeted AR application out of the existing usability
evaluation methods. In order to cover all the aspects of usability
methods, two methods from usability inspection (namely cognitive
walk-through and heuristic evaluation), one from usability testing
(laboratory observation) and one from user reports (question-

naire) have been chosen [4].

The research questions answered in this study are as follows:

e  To measure Usability factors based on effectiveness, efficien-

cy and satisfaction?

e  What are the usability Problems experienced by users while

using holographic AR applications (HoloX)?

e  What are the design guidelines to improve the holographic
AR applications (HoloX)?

Background
User Experience and Usability

ISO defined user experience as a “person’s perceptions and re-
sponses resulting from the use and/or anticipated use of a product,
system or service.” It includes the whole experience of using the
system, such as making assessments about user preferences, even

identifying moments of delight or frustration [5].

Usability is part of the broader term “user experience” and re-
fers to the extent to which a product can be used by specified users
to achieve specified goals. ISO outlines three measurable attributes
to define a usable system: System Effectiveness to examine the us-

ers’ ability to achieve goals the given tasks, System Efficiency to
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examine the required user resources to achieve goals in the given
tasks; and System Satisfaction to record the users’ opinions and

positive attitudes towards the use of the system [6].

Usability evaluation

Usability is evaluated by the quality of interaction between a
system and a human reaching back to human-computer interaction
(HCI). Various usability evaluation methods have been proposed
by the research practitioners. These can be classified as inspec-
tion, testing and inquired methods. Inspection methods focus on
the user interface, testing methods focus on task performance and

inquire methods focus on user data [7].

Evaluation method

The method that is used to measure according to Dunser and
Billinghurst [7].

e  Objective measurements methods: Result from a repeatable
and reliable task of quantitative observations. This method
measures: accuracy (average of error), object or user posi-

tion, time (task completion times), scores from the test, etc.

e  Subjective measurements methods: The result based on the
personal subjective judgement from the user, and use ques-

tionnaires: grading, rating, or depth judgement.

Four methods among all usability methods have been chosen for

this study. The definition ofthe selected methods are as below.

Heuristics evaluation

Heuristics evaluation is one of the Subjective measurements
methods introduced by (Nielsen and Molich 1990), which involves
usability experts inspecting the user interface based on a set of heu-
ristics to identify usability problems. In this method, one or more
evaluators are recruited, and they should be a novice to the system.
These principles are often called heuristics because they are more

in the nature of rules of thumb than specific usability guideline [8].

e  Visibility of system status: the application should keep the

user informed during the interaction.

e  Match between system and the real world. The application
should Follow real-world conventions, making information

appear in a natural and logical order
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e User control and freedom the application should provide
freedom for users to perform actions and undo incorrect ac-

tions.

e Consistency and standards the application should have a

consistent interface layout and user interaction.

e  Error prevention The application should avoid mistakes and

prevent undesired action.

e Recognition rather than recall It should be easy to memorize

how to work with the application.

e  Flexibility and efficiency of use It should be easy to interact

with the application for novice users.

e  Aesthetic and minimalist design the application should not

show irrelevant or rarely used information to the user.

e  Help users recognize The application should diagnose and

recover from errors.

e  Help and documentation The application should have a brief

and easy to find tutorial for first-time users.

Cognitive walk-through

Cognitive walk-throughisdesigned to see whether or not a nov-
ice user can easily carry out the defined tasks and subtask without
any prior training. Then an evaluator (novice to the user interface)
attempts to answer the following four questions for each correct ac-

tion involved in a task [7,9]:

e  Will, the user try to achieve the right effect? (Conceptual

model)

e  Will the user notice that the correct action is available? (Vis-
ibility of actions) 3.Will the user associate the correct action
with the desired effect? (Labelling)

e I[fthe correctaction is performed, will the user see that prog-
ress is being made towards the solution of the task? (feed-
back)

Laboratory observation

Laboratory observation is one of the objective measurements

methods. In this method, users will be asked to complete the pre-
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defined tasks in a controlled environment while observers watch
and take notes or do screen recording. The goal is to identify any
usability problems (qualitative data) and measure the System Ef-
fectiveness to examine the users’ ability to complete the given
tasks, System Efficiency to examine the required user resources
to complete the tasks, and System Satisfaction to record the users’

opinions and feedback [7].

Questionnaire

Questionnaire is the other subjective measurement method that
involves gathering targeted users’ preferences and opinions about
the user interface related to the operability, effectiveness, under-
standability, and aesthetics of the user interface [10]. These very
pleasant tendencies can give way to misleading biases. UX deci-
sions can not be made based on users’ reporting alone. Hence, we

decided to add observational studies to our UX research methodol-

ogy.
Evaluated application

HoloX is the selected application for usability evaluation. HoloX
Holographic AR application that has been made by NexTech AR So-
lutions Company, available for iOS mobile operating systems. HoloX
is an application that lets users create, share, and view human holo-
grams on smartphone Devices (currently available for iOS devices).
Users see 2D Human holograms as 3D by using Augmented Reality
Technology. The application can be used for Announcements, De-
livering a message, Virtual training, Product walk-through demos,

In-store demonstration, etc.

Related work

Some researchers have done usability evaluation for the AR ap-
plication with different methodologies and in different contexts.
The following table shows some of the previous studies used in

this research.

Methodology

Before conducting evaluation, the researcher applied for ethical
research approval to ensure that research involving humans meets
high scientific and ethical standards that respect and protect the
participants. Human Research Ethics Board reviewed the disci-
plines, fields of research, and research methods in the University
of Victoria. The researcher asked participants to sign the consent

form based on the obtained ethical approval before starting the
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As AR applications will require new  Since AR is one of the new Innovative interfaces for the display Cardiac arrest is a major As per the existing Eterature, there  However the choice of actual
evaluation methods, improved usability emerging technologies, the mumber  and control of information cause of death worldwide. are no clear design principles that can human hologram has its own
Prablem  2nd user convenience should be of systematic evaluations done in AR constitute an essential topic for  only a minority of victims  be considered while designing mobile  advantages for tutor hologram,
developed. interfaces is relatively low. interactive experiential learning.  receive CPR from AR applications, particularly for kids. i's development is difficult and
bystanders complicated.
Developing usability principles for the a systematic evahiation of the user  Developing an interactive 3D Presenting an AR system for Establishing the usability and Design 2 3D cartoon-lke
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Proposed  <ruariphone applications realistic haptic feedback aspects of the user experience
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developed for user_centred ' The results show that there is auser's most crucial usability  proposed spphcation feasile developed ARLE is effcient, learning with the hologram tutor
P aneed for the developers to revisit  indicator, followed by cursor and acceptable as a tool for  effective, and highly usable for the  was efficien, practical and
design the application in order to enhance  sensitivity, ambient brightness, and  self-instruction training Iads. organized.
Resuls  previous design principles  the design of the interface compatible gestures Presenting 23 identified And it has a significant positive
g
were inadequate for newly usability principles to develop ©lect on students” interest and
developed technologies. an interactive mobile-based AR Botvatun
application.
To conduct a heuristic evaluation  To include tests with users Funure work can be directed The positive outcomes of this Design and assessment of To find the best approach to
and usability testing on varlous (o pace o towards accessble user imerfaces preliminary study make this  Augmented Reality appbications for  using 2 3D cartoon hologram
AR applications. P ing jt, 20 nanwal speech control interface prototype worthy of e kids with the proposed principles  futor as a representative of the
Fubure work Include Heuristic evaluation of  MStrUCte@ hefore using it g0 testing. lecturer in the classroom.
various kinds of smartphone To carry out another
device OS such as [0S and session with users that ave
Windows Mobile. familiar with the concept of

Figure 1: Previous research on usability evaluation in AR applications.

evaluation. Human Research Ethics Board reviewed the disciplines,  ation. In our methodologies, the process of usability evaluation in
fields of research, and research methods in the University of Vic-  each method is: Plan, choosing the participant, performing the test,
toria. The researcher asked participants to sign the consent form  analyzing the result, documenting the finding. The following form

based on the obtained ethical approval before starting the evalu- is the usability test plan which has been used for each method:

AUTHOR CONTACT DETAILS FINAL DATE FOR COMMENTS
PRODUCT UNDER TEST TEST OBJECTIVES PARTICIPANTS. TEST TASKS RESPONSIBILITIES
BUSINESS CASE EQUIPMENT LOCATION & DATES

PROCEDURE

Figure 2: Usability evaluation plan.
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Heuristic evaluation

Heuristic evaluation is one of the Subjective measurement
methods has been used in this research. Since, it makes it easier to

uncover usability issues in the user interface.

Participants

Three experts have participated in this evaluation method. One
of them was the Human-computer interaction professor at North-
eastern University. The other two were the Northeastern univer-
sity’s students who have successfully passed the Mixed Reality and
Human-computer interaction course and had some experience in
these areas. None of the evaluators had previous experience with

the HoloX application, which was considered a novice.

Procedure

To create the usability measures, we reinterpreted the ten heu-
ristics set proposed by Nielsen [8] considering the context of AR
applications(heuristics 1-10) and extended with four new heuris-
tics, according to the literature and the application goals described
by the ISO 9241-11 [11] (heuristics 11-14). This allowed us to
overcome a drawback of this heuristic method, which initial focus

was on desktop applications.

Then, we asked three experts to freely work with the applica-
tions (No pre-defined task) to evaluate them based on the checklist
and offer possible solutions. Lastly, the calculation of the heuristic
evaluation results is performed. The following are our interpreted

and extended Nielsen Heuristics.:

e Visibility of system status: Does the application keep the
user informed during the interaction? (Information such as
progress stages and system state should be provided con-

tinuously) For example, when creating.

e Hologram, the application should notify the user what the
next step is. When scanning surfaces, the user should be in-
formed when the physical surfaces are difficult to detect, or
the object can be placed. If it takes time to load an object, the

system should inform the user.

e  Match between system and the real world Does the applica-
tion design follow real-world conventions? For example, Ho-

logram should appear as real as possible and must be coher-
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ent with the scene. They should be fixed to surfaces, as it is

in the real world.

User control and freedom Does the application provide
freedom for users to perform actions and undo incorrect
actions? For example, when creating Hologram, if the user
decides to retake or delete the Hologram and when scanning
surfaces if the user places the Hologram in an unwanted lo-
cation or deletes the object by mistake, the system should
support undo and redo, and it should confirm with the user

when the deletion is selected.

Consistency and standards Does the application have a con-
sistent interface layout and user interaction? For example,
Gestures used to resize, move the Hologram, capture or re-
cord video should be consistent and similar to other appli-
cations to avoid mistakes. User-centred languages should be

used.

Error prevention Does the application avoid mistakes and
prevent undesired action? For example, when a user submits
avideo, the system should present the user with a confirma-
tion option before they submit. If the user does not confirm,

it will return the previous step.

Recognition rather than recall Is it easy to memorize how to

work with the application (e.g. create and edit Hologram)?

For example, useful gestures for resizing the Hologram, the
marker functionalities and positioning, all possible actions
should be easy to memorize (e.g. undo/redo, delete, change

colour).

Flexibility and efficiency of use Is it easy to interact with the
application for novice users? For example, the minimum of
action should be required to create a profile, record, and
view a Hologram. There should not be any inconvenience
in the operation while the user is holding the device in one
hand. The system should allow the user to scan the surface,
change the location or other properties of the Hologram eas-
ily without watching the tutorial. There should be a menu for

speeding up the interactions.

Aesthetic and minimalist design Does the application show

irrelevant or rarely used information to the user? For ex-
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ample, the process of creating, editing, publish and viewing
Hologram should be easy to understand for all users. The
system should have an easy-to-understand visual design
for an interactive AR environment. *As the question in this
Heuristic is the only negative question, the scale should be

converted when analyzing.

e  Help users recognize Does the application diagnose and re-
cover from errors? For example, the moment the system has
trouble detecting surfaces, the user should be informed of

the reason and help the user correct the error.

e Help and documentation Does the application have a brief
and easy to find tutorial for first-time users? Such a system
usually should not have explicit documentation because it
should be intuitive to use. However, the application should
have a brief tutorial for first-time users. For example, record-
ing Hologram and surface detection is an action that most us-
ers are not familiar with. So, there should be a brief tutorial
and explicit indication telling the user how to create a Holo-
gram and how to detect surfaces. In addition, the possibility
of translating and rotating the objects should also be clearly

communicated to the user.
Below Is the added Heuristic according to the ISO 9241-11:

e  Accessibility of off-screen objects Is it easy for novice users
to find items when those items are outside the field of view?
In addition to visual elements, multimedia elements like au-

dio should be provided.

e  Environment setup Does the application require a simple
environment setup? For example, recording video, setting
up the environment and background, scanning the surface

should be as simple as possible.

e  Accuracy Does the application achieve an accurate outcome?
For example, the created Hologram or the detected surface

should be right and accurate.

e  Satisfaction Is the navigation, interaction and screen design
enjoyable and pleasant? Interaction is an important aspect
of AR applications, and the user must have positive attitudes

toward the system.
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Result analysis

Reviewing literature [?] the data analysis in this method is per-

formed as below:

The number of participants in the heuristic evaluation method
amounted to 3 people. To calculate the results of each scale select-

ed by participants, the formula T x Pn is used:

T = Likert scale for each column (Strongly Disagree = 1, Disagree =

2, Agree = 3, Strongly Agree= 4).
Pn = The number of participants who select each scale

Thenthetotalis calculated for each Heuristic. Tomeasure the per-

centage of each Heuristic, the following calculation has been used:

Y: Number of the highest Likert Value multiplied by the number of

respondents
Y:TxPn=4x3=12
Percentage of each Heuristic= Total/y * 100.

After getting the percentage then the interval is found for the

interpretation criteria as follows:
Interval = 100 / The number of point scales

Interval = 100/4 (Four-Point scales), Interval = 25

No Value Interval Information
1 0% - 24,99% Bad

2 25% - 49,99% Not Good

3 50% - 74,99% Good

+ 75% - 100% Very Good

Figure 3: Interval table.

The below table is a percentage of each Heuristic from the result

of the questionnaire (checklist).
Finding

From the above table, three notable results have been obtained:

1.First, the average value of the Heuristic percentages is 68.
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No | Heuristic Principle Total | Strongly | Agree | Disagree | Strongly Each Each
users agree disagree | Heuristic Heuristic
4 2 1 Total score | Percentage

1- | Visibility of system 3 0 0 1 7 60 %
status

2- | User control and 3 0 1 0 8 66 %
freedom

3- | Match between 3 0 1 0 8 66 %
system and the real
world

4- | Consistency and 3 0 1 0 8 66 %
standards

5- | Error prevention 3 0 2 0 i 60 %

6- | Recognition rather 3 0 1 0 8 66 %
than recall

7- | Flexibility and 3 2 1 0 10 83 %
efficiency of use

8- | Aesthetic and 3 2 0 0 11 91%
minimalist design

9- | Help users recognize 3 1 0 1 8 66 %

10- | Help users recognize 3 0 1 7 60 %

11- | Accessibility of off- 3 0 2 1 5 42%
screen objects.

12- | Environment setup 3 0 1 0 8 66 %

13- | Accuracy 3 2 1 0 10 83 %

14- | Satisfaction 3 0 0 0 9 5%

Avg= 68 %

Figure 4: Heuristic result table.

e  Heuristic 11 (Accessibility of off-screen objects) has the low-

est score, considered in the “Not good” category.

e  “Aesthetic and minimalist design” with the highest score has
been considered the best Heuristic applied in the evaluated

application.

Cognitive walk-through

The details of conducting this evaluation method for the “Create
Hologram” task are explained in this section. The other two tasks
(View and Share) have not been analyzed in the walk-through evalu-

ation due to the limitations of the available time and experts.

Participants

Users who have participated in this evaluation are the same as
Heuristic evaluation. As mentioned before, the users in this method
should beexperts and novices to the system. The users in this eval-

uation are named as below:

e P1,P2: The two experts from Northeastern University
e  P3:Professor in Northeastern University

Procedure

In the first step, the researcher has defined “Create Hologram”
to examine the interaction between user and interface. Then users
have been asked to perform the “Create Hologram” Task, which con-

tains some pre-defined subtask.

Finally, users were asked to answer the four (Yea/No) questions
for each subtask for the last step. Following is the pre-defined task
and subtasks provided by the researcher:

e Q1. Will the user try to achieve the right effect? (Conceptual

model)

e Q2. Will the user notice that the correct action is available?
(Visibility of actions)
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TASK NAME: Create Hologram
Sub-Task:

ST 1: Press the button to start creating a Hologram
ST 2: Take your background capture

ST 3: Record your video

ST 4: Stop the video

ST 5: Submit your Hologram

ST 6: Publish the generated Hologram

Figure 5: Predefined task/sub-task.
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e Q3. Will the user associate the correct action with the de-
sired effect? (Labelling)

e Q4. If the correct action is performed, will the user see that

progress is being made towards the solution of the task?

At the end of each asked users were asked to provide their feed-
back.

Result analysis

The data were collected in this methodology is as below.

Q

8

Q3 Q4

Feedback

It is intuitive

Re

Good enough

OK

P1

It was ok for me.

§T2

Before taking the capture, | did not know that the
background pic was needed. Therefore, the picture
| took was not correct.

Instruction was not offered before starting the task.

SIS € KKIKIS
KIS KKKIK
X x [KIKK|S

P

XIx| < [KK[K]<

it is not clear that it is recording video; The light was
not blinking

ST3

The transition to get out of frame with only audio
feedback was quick and rushed. It could be good to
hawve a visual indicator that the count down begins
and is controlled by the user to begin the three-
second count down.

P3

Across the board - visual feedback for completing
or making progress on a task is the most immediate
required actionable.

P1 v v v

It was intuitive and simple.

P2

Stopping, the video went smoothly. | was not sure
how long the video could be or if | would be
automatically stopped. From far away, | assumed
the stop button indicated that the video was being
recorded, not that it was a stop button.

P3

Across the board - visual feedback for completing
or making progress on a task is the most immediate
required actionable.

B v v v

It was a little unclear what submitting a hologram
implies at first.

P2

The circle that shows the Hologram being uploaded
does not specify how the process is going and how
long we have to wait.

P3

Across the board - visual feedback for completing
or making progress on a task is the most immediate
required actionable.

P1 v v v

Similarly, it was a little unclear what publishing a
hologram implies.

P2 v
ST6 X X

At first, | did not know how to publish the Hologram;
however, | soon found the button.

P3

Across the board - visual feedback for completing
or making progress on a task is the most immediate
required actionable.

Figure 6: Cognitive-walk-through result table.
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Finding

The result shows that the easiest and understandable subtask
with the more positive response is sub-task 1, in contrast with sub-

task six, which has the most negative response.

In general, based on the obtained feedback, the most special
issue in the view of users was the lack of proper instruction and
feedback. Moreover, two software bugs have identified during the

evaluation phase:

e The application crashed Two times during the evaluation

phase.

e  The generated Holograms sometimes disappear and appear

again after creating anotherhologram.

Laboratory observation

In order to evaluate the AR application from the perspective of
the target users, a laboratory evaluation has been conducted. In
this study, the laboratory evaluation method aims to measure the
Usability factors based on effectiveness, efficiency and satisfaction

and explore that to what extent the application is usable.

Participants

The users who participated in this usability method were mas-
ter’s degree students of Computer Science in Northeastern Univer-
sity. All the participated users were familiar with the concept of AR
but novice to the system. Users have not been instructed before

using it.

Procedure

Following are the details of the laboratory evaluation method.

The test condition was the same for all users, including the same
location, same device (an iPhone 12) and same network. First, the
unstructured tasks have been given to the users. During a usability
test, the observer has done screen recording and note-taking to as-
sess the extent of system effectiveness, efficiency, and satisfaction.
After performing each task, users answered the Single Ease Ques-
tion (SEQ) with the one pre-defined question. After performing all
tasks, they filled out the System Usability Scale (SUS) with the ten
pre-defined questions by (Brooke and Weerdmeester 2011). Final-

ly, the researcher examined the overall usability of the application
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using the Single Usability Metrics (SUM), which is defined by ef-

ficiency, effectiveness, andsatisfaction.

Result analysis

Following formulas have been used for the calculation of each
usability factor and SUM: [12].

Effectiveness

Task completion rate: The number of complete tasks success-

fully by each user

Number of completed tasks

Task Comp!e“o” raze:= Total number of tasks

Number of errors: The number of errors made by the user in

each task

Total number of errors
Error Rate= ———— d —
Total Opportunities

Efficiency

Time on task: How long it takes to complete each task.

Task time = End time - Start time

Efficiency is measured in terms of task time which is calculated

in this way:

M-
-

ity

Overall Relative Ef ficiency = * 100%

M=
.P:ﬂz

Where:
N = The total number of tasks (goals), R = The number of users.

nij = The result of task i by user j; if the user successfully completes
the task, then Nij = 1; if not, then Nij = 0 tij = The time spent by user

j to complete task i.

Satisfaction

Task Level Satisfaction(SEQ): How satisfied participants are

with each.
SEQ Avg= Sum of the scores/Number of users

Test Level Satisfaction(SUS): How satisfied participants are with

the product.
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((q1-1)+(5-92)+ (g3-1)+ (5-q4)=... + (q9-1)+(5-q10))*2.5

SUS Calculation [13]: users have ranked each of the ten tem-
plates questions from 1 to 5, based on their level of agreement.
For each of the odd-numbered questions, 1 is subtracted from the
score and for each of the even-numbered questions, their value is
subtracted from 5. These new values have been taken and added up

to the total score, then multiplied by 2.5.

Single usability metrics (SUM)

SUM allows a researcher to reliably sum up metrics from ev-
ery sub-metric of every task to a single overall value for a product
or experience. The three-tasks in this study (create, view, share)
have nine sub-metrics (effectiveness, efficiency, satisfaction for
each task) which can be shown in a single number using SUM score.
SUMrepresents the application’susabilityataglance. Any SUM score
below 50 percentage is relatively poor, and anything above 50 per-

centage is relatively good [13].

Single usability score is obtained from the below calculation:
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Computing SUM

:
rors+2)

(successes + ‘7) -
(error opportunities + z%)

(%]

Error %

= (participants + z2)
Success %

@ n
Time on task % -

Satisfaction %

e t = specdimit average, lookup z-table

_ % = spec. limit
e o

z lookup z-table

c=aerase £ 1y @

Figure 7: Single Usability measurement formulas.

Finding

The results from the all the calculation for each measurement

are summarised in table below.

The specification limit for satisfaction, Completion and error,
which determines the good score, is defined in the literature. The
specification limit for time on task is calculated by multiplying 2.5
to the required time for performing the task by expert [12].

Time On Task Satisfaction Completion Error
(Seq)
Task names Create = View Share Create = View Share = Create = View Share = Create = View Share
Mean 358 234 421 56 51 4 0.8 0.8 0.7 1.1 36 35
sD 8.77 1298 1.06 | 1.58 | 1.53
14.35

Spec 375 21 315 565 55 55 078 078 078 < < <
(specification 07 |07 |07
limit)

Result from 75.8 763 644 56 52 40 82% 82% 73% 04 07 0.9

calculations

Figure 8: Usability measurement for each task.

The laboratory tests and the methodology used for each usabil-
ity factor calculation helped in representing efficiency (Figure 9),

effectiveness (Figure 10), and satisfaction (Figure 11) for each task.

Efficiency

Overal Relative Efficiency

75.88 76.39

64.46

Create View Share

Figure 9: Based on time on task.

Effectiveness
Task Completion Rate
82% 82%
3% Good score > 78
Create View Share

Figure 10: Based on the number of completed tasks.
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ErrorRate
= Good score< 0.7
0.4
Create View Share

Figure 11: Based on the number of error.

Satisfaction
s« lask Level Satisfaction
Srd Good score> 5.5
Create View Share

Figure 12: Level of user satisfaction for each task based on SEQ

questionnaire.

Test Level Satisfaction(SUS)

% 62.5

Figure 13: Level of user satisfaction for the application based

on SUS questionnaire.
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Here’s an overview of how the app scores should measure:

e 80.3orhigherisanA.Peoplelove the application and will rec-

ommend it to their friends

e 68 or thereabouts gets you a C. Y It is doing ok but could im-

prove
e 51 orunder gets you a big fat F. It needs to be fixed.

Questionnaire

Using this method, we collected users’ opinions about some im-
portantaspects of the user interface in the context of the AR applica-

tions with some pre-defined questions.

Participants

The users who participated in this usability method were the
same users who participated in laboratory observation (11 north-

eastern university students).

Procedure

After the laboratory evaluation, participants were asked to rate
the pre-defined questions on a scale from 1 (strongly disagree) to 5
(strongly agree) and give their overall feedback about the applica-
tion. Reviewing literature and considering some factors in the heu-
ristic evaluation, 30 questions have been designed in this method
[4,14-17].

Then, we analyzed the subjective data collected from the ques-
tionnaires. Based on the result, we documented the explored us-
ability issue by the users and offered some design guidelines for

improving the design interface.
Finding

In the table below all 30 pre-defined question provided in the
questionnaire and the average score of each question have been

provided.

The following figure illustrates that the avg score of questions 18,
21,22,24,25,26,29 and 30 has obtained a good score. Reviewing the
mentioned questions, It is easy to conclude that the application’s
main function, such as creating a Hologram, detecting surface, the

size, voice, and quality of the Hologram, is highly qualified.
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N

15

0.5
0

The avg score for each question

1234567 8 9101112131415161718192021222324252627 282930

No | Questions Avg
1 When beginning to use the device and application, it was straightforward. 3.1
2 | The system provided me with feedback on what | was working on. 29
3 | The messages that appeared in the application were self-explanatory. 3.5
4 | 1'was in control of the application all the time 3.3
5 | I could easily undo/redo any action if | felt to do it. 34
6 If | mistakenly perform an action, | could easily stop or remove it. 3.4
7 | The navigation through the application was easy. 3.2
8 | The application had many errors and/or crashed. 2.5
9 | The option to select the desired function was always clear and available all the time, and the icon

images helped 2.9
10 | It was easy to find the desired options at any time. 2.9
11 | The application was visually well-designed. 34
12 | If error messages appeared, they were clear in their description, and probable steps to recover from

them were provided. 3.1
13 | When | needed help, there was helping document to complete my task successfully. 35
14 | The application provides hints throughout to guide you with the next steps. 36
15 | The system did not behave as | expected. 2.7
16 | | could not always achieve what | wanted the system to do. 2.1
17 | | kept making mistakes interacting with the system. 2.9
18 | Accurate pointing to detect surfaces was easy to achieve. 4.5
19 | Hand interactions were difficult to perform. 2.2
20 | When creating a hologram, voice interactions were properly recognized by the system. 36
21 | The audio instructions provided were easy to understand. 3.9
22 | The quality of generated Hologram was very realistic 4.6
23 | Interaction with the system was fast enough. 34
24 | If moving while using the application, the augmentations stay still regarding the place they should

appear in relation to my movement. 4.2
25 | The Hologram appears inappropriate size. 4.5
26 | Generated Hologram and the background are easily differentiated from each other (i.e. is the

brightness and contrasts appropriate) 4.4
27 | The information offered by the application organized and grouped clearly? 2.8
28 | The information which requires action is identified easily. (It is highlighted or differentiated in any other

ways). 33
29 | ltis easy to create a Hologram. 4.0
30 | The time of the usage of the application was appropriate 4.3

Figure 14
Summary
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Figure 15: Result obtained from questionnaire.

The summary of our research have been provided in this section

based onourResearchQuestions: Researchquestions.

To measure Usability factors based on effectiveness, efficiency

and satisfaction?

The below bar chart presents the usability factor of HoloX with
a single number for each task. It can be seen Create and View task
in this application is overally usable, and share task needs design

interface enhancement.
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: Task based Single usability

measurement (SLIM)
"' pi ‘ Good score

|
06 l 059/ ‘ > 78

0s

v

02
01
o — —

Create View Share

Figure 16

The pie chart below is representing the overal HoloX usability
factor with the single number which is defined as a usable applica-
tion based on the ISO definition(effectiveness, efficiency and satis-

faction).

HoloX
Over:! ushility factor

l Good score > 50

54%

Figure 17

What are the usability Problems experienced by users while us-
ing holographic AR applications(HoloX)?

In the table below the most common usability issue that have

been declared by the users can be found:

What are the design guidelines to improve the holographic AR
applications (HoloX)?

The design guidelines based on the collected feedback in all of

the four usablity method has been provided in below table.
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Navigation between the pages is a little confusing.

Users are not aware of the available option on the main page.

The UI alone is not showing the user how to use the app.

Users are not aware the background picture is needed before starting to create a Hologram.

Users make a mistake in taking background pictures in a way that they should go out of the frame.

It is not clear how long the video could be or if it will be automatically stopped.

Recording the video does not indicate it is recording.

The transition to get out of frame with only audio feedback is quick and rushed.

The circle that shows the Hologram being uploaded does not specify how the process is going and
how long we have to wait.
It is unclear what publishing a hologram implies.

When publishing the Hologram, It does not show that the hologram title input is compulsory.

There is no option to delete the failed hologram.

Share profile picture’s icon is confusing with scanning the QR’s icon.

Share a hologram is out of the system visibility.

There is not any feedback on when and where the barcode is downloaded.

It is not indicated to the user how the object can be manipulated.

Inappropriate labels and icons, for example, Profile Icon led users to scan the QR code, share
Hologram leads users to download Hologram, QR code button leads the user to share their profile,
help bption is located in the setting menu.

When detecting the surface, the label above the scene is confusing with the button. Users try
several times to locate the Hologram by pressing that label.

None of the users utilized the Help menu option provided in the user interface. Instead, all of them
asked for manual help from the evaluator.

‘When scanning the surface, there are some buttons that are not working.

The application crashed five times during the evaluation phase.

The generated Holograms sometimes disappear and appear again after creating another hologram.

After setting the profile picture, the app does not show it in the profile.

The combination of the button and the label associated with changing the profile picture is confusing

for the users.

When a user logout and the other user login into the system, still the profile picture of the previous
person is shown.

Figure 18

Improving navigational between the pages

Providing feedback would be the biggest solution

Providing visual prompts like meta-UI elements for preventing error
Providing a visual aid before starting the task

Showing animation gestures in the first time of use

Providing proper labels and icons for sharing profile, sharing Hologram and
View Hologram

Process the Hologram from the video locally on the phone without the need for
the internet

With an extra UI component, the user can be presented that the Hologram
manipulation option is available.

Designing the user interface in such a manner that it will have the least
learnability curve.

It could be good if it will be controlled by the user to begin the three-second
count down.

When recording the video, a timer or bilking light could help to indicate the
video is recording.

Providing a hint “the image will appkar in the gallery” after downloading the
Hologram

Providing an option to play the Hologram again without having to exit and scan
the QR code again

Figure 19
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Conclusion

In this research, we presented the analysis of four usability
evaluation methods, including heuristic evaluation, cognitive walk-
through laboratory observation and questionnaire. A developed
application called HoloX has been chosen as the pilot for the Holo-
graphic AR application. The goal of this study measures the usabil-
ity factor and explores the design problem in this application. The
usability factor calculated by SUM (single usability factor) is equal
to 54 percent, which indicates that the system is usable. During the
evaluation carried out in this study, several design problems have
been explored in each methodology. The results obtained show
that there is a need for the developers to revisit the application to
enhance the interface’s design. Then Some design guidelines have

been provided based on the users’ feedback.

Future Work

Due to the limitation of time, we could not wait to evaluate the
new version of HoloX. Researchers can use the applied methodol-
ogy to evaluate the newly released version of the application. One
of the other ideas of future work for the proposed study is to cre-
ate a larger laboratory experiment including more users to obtain
more statistically consistent results in laboratory observations and
questionnaires. Including more experts for the heuristic evaluation
and cognitive walk trough would provide a large advantage. Apart
from more users, the cognitive walk-through was performed just
to create a Hologram because of a lack of time and experts. Con-
ducting another cognitive walk-through evaluation for view and
sharing the Hologram will help to explore more details about the
usability issue in those parts. Finally, conducting further methods
apart from the four studied methods would provide a better over-
view of which usability evaluation method can be more suitable for

the evaluation of AR interfaces.
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