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Abstract:- Usability and design of various systems
indicate how simply a computer may be managed to
switch between various views and locate the pertinent
information.Usability is crucial not only for measuring
the ease of use of the software system, but also for
identifying possible complications in the interface of
software system. Human- Computer Interaction (HCI)
focuses on making a system useable. If the structure,
terminology, content, and searches for these systems
aren't really easily accessible for their visitors, they will
have little or no use. Interactions with these systems is
only interesting if they are developed with polished
features. Virtual environments are recreations designed
to entice users into an artificially produced world, giving
them the sensation of true presence. Interactive and
immersive  innovations include virtual reality,
augmented reality, and truly immersive settings.
Advances in HCI technology can lead to better virtual
worlds (VW) and augmented reality (AR) experiences by
providing more natural and effective ways for an user to
engage with a virtually immersive experience. Despite
the reality that there's been a lot of research conducted
in the field of Human computer interaction for virtual
elements, there are currently only a few studies on
reviewing relevant literature HCI configuration issues
for virtual elements.Following that, this study provides
an inside and an outside review of work that explored
several HCI configuration problems for virtual
objects. The findings of our analysis HCI config issues for
virtual elements and open exploratory challenges are
presented and discussed in order to summarize the
findings and recognize future inventive work in virtual
elements. Usage represents one of the most important
factors in determining the system's worth. The study will
use related literature from around the world to study
and evaluate the current state of quality assessment,
design challenges, as it is a qualitative attribute, and to
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identify areas for development. This research looks into
the efforts made mostly in design, usage, and design of
efficient UI. Several sources, including large web
collections.

Keywords:- UlDesign challenges in virtual systems, key
challenges in usability of virtual systems.

I. INTRODUCTION

It has been said that human-computer interaction
(HCI) is a computer-related cross-disciplinary field that is
closely linked with the design of knowledge, interaction,
and connection and that Inside this field of human-computer
interaction (HCI), researchers regularly participate in the
construction of research prototypes that are focused on
theories derived from the behavioral and social sciences,
psychology, and economics in addition to computing
science. Making a system useable is a primary objectives of
Human- Computer Interaction (HCI).If the structure,
terminology, content, and searches for these systems aren't
really easily accessible for their visitors, they will have little
or no use [1]. Interactions with these systems is only
interesting if they are developed with polished features.
Virtual environments are recreations designed to entice
users into an artificially produced world, giving them the
sensation of true presence. [3].immersive invention refers to
technology that combines computer-generated virtual
objects and the actual environment with the help of
continual intellectual ability and 3D registration, whereas
virtual world communicates immersion depending on the
external point of view.When real objects are combined with
virtual objects in a real environment, wearable technology
can be thought of as a subset of augmented reality. Previous
studies suggest that system usability issues have been
examined using several ways such as inspection-based
techniques, user-based (user-testing) techniques, and tool-
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based techniques. Inspection-based strategies depend on
professionals to detect design flaws throughout testing,
whereas user-based strategies utilize surveys, interviews,
and inspections to identify usability issues in a system.
Applying third-party software techniques to identify a
system's usability issues is one technique for evaluating
tool-based methods. [1, 3] While VR is entirely imaginary,
AR uses a real environment. While AR may be accessed
with a smartphone, VR requires a headset device. Different
scholars and scientists have defined the term virtual reality
from that point on. For example, augmented reality is
depicted by Sherman and Craig as a form of intelligent
programmed experiences. In this type of medium, the
placement and behaviours of the users, as well as
alternatively the member, are identified to replace or
enhance the comment to at minimum one identifies.
Immersive and non-immersive virtual reality are available.
Non-immersive vr is a form of virtual world where we
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interact with a virtual world through a smartphone or
computer. We can interact with the environment through our
personalities, but the environment doesn't communicate with
us, such as in Real Life. Immerse vr technology, however, is
the opposite of non-immersive vr technology. It ensures a
realistic virtual experience that makes you feel that you are
directly observable in the virtual environment and are
experiencing what is occurring there. To provide a realistic
virtual experience, specialized equipment such as Vr
headsets, gloves, and body markers equipped with sensing
identifiers is required. An example of an immerse setting is
a caves. We broke down the various HCI design issues for
all these immersive virtual worlds as the review's

obligations.As a result, we identified many HCI research
areas to investigate in order to come up with solutions to
these problems in immersive settings. The figure 1 shows
the usability testing of a system to measure the use of the
interface of the system.

Analysis

Fig. 1. Interface usability testing strategy

Il. RELATED RESEARCH

Various researchers did evaluations on HCI and
immersive environments from different perspectives
(Stanney, Mourant, Kennedy)[19].Learning and
performance effectiveness, health and safety issues, and
societal implications are the three main domains inside
virtual environments where human-factors research
challenges have been organized in this study. They also
stress the need for VE technologies to be created with
sufficient consideration for its people. .Another review was
conducted by (Maryam Mousav, Yap, Siti) [20] .There
review was based on cyber sickness and usability in virtual
environments. Three concepts, according with authors,
describe the rationale of cybersickness: (1) the sensual
conflict hypothesis, (2) the postural instability theory, and
(3) the poison theory. There are additional factors that are
unrelated to the aforementioned notion, which including
display and technological problems, target tracking errors,
lag, and flickering concerns. In addition to the impacts of
cyber sickness upon VE users, usability incorporates all the
metrics used to examine the efficacy of a systems and
human computer interaction in generally. Therefore, a vr -
based system with great usability offers the user with
unrestricted access and freedom in controlling and
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completing VE-based tasks. Similarly (Yuk Ming,Ka
Yin)[21] conducted study about the use of virtual
advancements in healthcare experience and development.
The key findings indicated that virtual environment
appeared to be a viable tool in clinical education and clinical
practice. While it is evident from the studies that above it is
necessary to study HCI design issues in virtual elements in
order to highlight the principal difficulties in HCI Design
and draw experts' interest in this area.

1. METHODOLOGY

The purpose of a systematic study is to explore,
analyze, and evaluate all potential research studies relevant
to particular research topics, interests, or themes [40]. The
related studies collected from the various databases to
examine and evaluate the present state of usability testing,
design concerns, which is a qualitative characteristic, and
identify opportunities for development. This study examines
the work that has been done in Ul development, design, and
usability.

Parts 3.1 and 3.2 discuss the research review process
& technique used in the present study, covering review
creation and implementation.

1847


http://www.ijisrt.com/

Volume 7, Issue 11, November — 2022

A. Design of the Review
We answered the three research questions listed

below.

¢ RQ1.Which HCI design issues exist in immersive world
that are relevant to usability??

e RQ2.What are user interface issues for immersive world
in Human computer interaction??

e RQ3.What difficulties does interactive immersive
virtualization face??

In order to discover relevant studies to address the
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“virtual reality,” and “mixed reality” were applied for
collecting related articles.

We searched for his keywords stated above in the
below research publishing databases that enabled
Boolean operator searches:

e MDPI

e Google Scholar

e Semantic Scholar

e Science Direct

e ACM Digital Library

aforementioned research questions, we chose a variety of e IEE Explore
keywords.The chosen key phrases such as “HCI Design
challenges”, “immersive technology,” “augmented reality,”

Serial KEYWORDS

1 Design And evaluation Issues & Truly Virtual Worlds & (Virtual World VR) & (Augmented Reality AR)

Difficulties and collaboration virtual systems & (virtual world Il VR)

Interaction design difficulties &( Augmented systems Il AR)

Menu layout and interactive settings present difficulties &(Virtual reality Il VR)

HCI &(virtual reality Il VR) & (Augmented reality Il AR)

User testing flaws &(virtual Reality Il VR)&( augmented world Il AR)

~N|oO|o R lwWwIN

User Interface designflaws &(virtual world Il VR )&( augmented world Il AR)

Table 1: Keyword used in literature search

Our comprehensive search technique included 3
phases: (1) an appropriate literature search, (2) the first
phase, and (3) a second phase. During the first literature
search, only English-language studies were obtained. Due to
the minimal similarity between search queries and outcomes
after a certain amount of discoveries from the literature
databases, we only retrieved the first 200 papers for every
keyword combinations that were ordered by relevance to the
search queries. In the initial pass, the abstracts and the titles
of the results of the original literature search were evaluated
to determine whether they would be used in the second
phase. We skipped those studies the name or summary did
not state clearly related if the study has been about HCI
design issues in immersive environments, augmented real
world reality, or 3d virtual technologies, we scanned the rest
of the article. Repeated or unrelated studies were
discarded.We only considered research published papers in
a peer reviewed journal or conference proceedings. As part
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of the second pass, we carefully studied the remaining

studies' bodies, including the result and discussion, and

evaluated them based on the following factors:

e Research that concentrates on word Human computer
interaction design issues in virtual environment are
counted in.

e Research that concentrates on word Human computer
interaction design issues in VR/Aug., mix reality
environment are counted in.

B. Conducting the Review

We conducted a systematic literature review that was
followed by the afore mentioned steps. The study had been
carried out in three stages, which are detailed in the
subsection: (1) study finding; (2) main study selection; & (3)
data retrieval and analysis. Figure 1 displays the number of
results discovered from each stage of the paper searching
and filtering procedure.
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Initial

3. IEEE Xplore

initial
litrature

Digital Libraries:
1. ACK Digital library

\

Literature search n= 200

2. Google Scholar
4. Science Direct

5. Mdpi

Inclusion

1.Topics related immersive

First pass

n=e0 environments ,VR,AR,MR.

First pass n=80

~<

Exclusion
1. Duplicated or irrelevant studies

2.Patents,Books and reports

Inclusion
1. Topics related to

HCI Design challenges

second pass
n=70

Second pass n=70

in immersive environment, VR,AR,MR

\

Exclusion
1. No relevance to HCI design challenges

in immersive environments/VR/AR/MR.

Fig. 2: The process of Literature search and findings

a) Identification of Research Studies: Earlystudies
Search &First Phase

During this step we carried out the primary
literature survey and the first phase to find
pertinent research studies from the scholarly
libraries indicated in Section 3.1.We looked for
research that had been published and were written
in English.We graded the search queries with either
an A, B, or C from the more relevant to lowest
relevant in order to order them according to their
relevancy to the search queries. As a consequence,
200 studies were found in our first literature search
on the specified databases. The subsequent filtering
phase was conducted using selection and exclusion
criteria in the first phase. In the initial round, we
evaluated the obtained studies' names and
summary. We looked at the study abstracts and title
pages to see whether there was any discussion of
virtual elements, AR, VR, or MR.We also
examined study bodies when titles and summaries
weren't enough Only scientific articles that had
been through the process of peer review were
considered for inclusion in the studies that were
chosen by our team. Patents and other types of
papers, such as books and reports, were not
considered for inclusion in this research. In
addition to this, we refined the results by omitting
research that were either identical or irrelevant. As
a direct result of this, 80 of the two 200 studies
found in the literature search were successful in the
first phase.
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b) The Selection of Main Studies, with second phase
Focus on Quality Assurance and Improvement
During the second drive, we eliminated studies that
simply discussed immersive settings, AR/VR/MR,
and did not address the Design and evaluation
difficulties that are present in such settings. This
allowed us to lower the total study number
compared to the first phase. Due to the close
relationship between these categories, we decided
to include research that referred to virtual reality,
augmented reality, or mixed reality rather than
immersive environments. The second round of
filtering resulted in the elimination of a total of 10
studies, which meant that the final decision
consisted of 70 studies.We rated every paper ("yes"
or "no") and removed those that didn't fulfill the
criteria. Which verified suggested studies were
applicable to our research problem. Unenlightening
studies that cleared the second pass have been
omitted by using criteria.

Acquisition of Data and Synthesis

In the "data extraction™ step, the 70 studies chosen
in the "quality assessment" step were thoroughly
examined in order to obtain the information needed
to provide responses to the study questions. We
extracted publication date, title, year, authors, and
study point. When we were capturing information
throughout the review stage, we reproduced first
text from the articles that were chosen so that we
could reduce the impact that amendments had on
the initial data. Following the completion of
extracting features, we carried out information
fusion in the form of the creation of a list that

1849


http://www.ijisrt.com/

Volume 7, Issue 11, November — 2022 International Journal of Innovative Science and Research Technology
ISSN No:-2456-2165

provided a concise summary of the findings IV. RESULTS

obtained from information extraction in order to get

answers to our research questions. Throughout the This section outlines 70 papers data analyses. Section
process of data synthesis for frameworks, our 4.1 includes citation - based information and data statistics
primary focus was on the difficulties inherent in the from examined papers, whereas Section 4.2 analyses HCI
design of HCI across a variety of immersion Design problems for virtual objects. Section 4.3 analyses
frameworks. In order to provide a comprehensive HCI design issues. Section 4.4 summarizes the studies.
summary of public research issues, the detected

research directions challenges were arranged and A. Statistics

combined into more substantial level research a) Database Distribution

difficulties. Table 3 depicts the distribution of articles reviewed

throughout our repositories. IEEE has the most
studies, with 30. ACM digital library directory had
15 articles, Google Scholar 13, science direct 7,
Semantic scholar 3, and MDPI 2.Figure 3 shows
the distribution of papers from various repositories.

Distribution of reviewed studies

2

u |EEE Explore

= ACM Digital Library
m Google Scholar

m Science Direct

m Mdpi

m Semantic scholar

Fig. 3: Distribution of papers from various repositories

b) Yearly distribution reality has been fast increasing. The majority of the
First, we investigated the citation - based data of papers pertaining to vr technology were conducted
the articles that were incorporated into the study. in the past six years. Figure 4 shows the yearly
We came to the conclusion that the amount of distribution of various papers.

research done on augmented reality and virtual
35
30
25
20
15

10

D

m2022 m2021 =2020 2019 =2018 =2017

Fig. 4: Yearly Distribution
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c) Result Analysis
As a result of our investigation, we were able to
identify open research problems that were brought
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up in the papers that were examined. Issues in

terms of the usability and layout were shown in
Tables 2 and 3, respectively.

Framework Category Issue Measurement
Technical Usability Learn-time, guidance, and psychological and
physical comfort
Pedagogical instructional Methods, Both General and More Coordination (including but not limited to turn-
Specific Content taking, conflict resolution, and engagement),
adoption of avatars, and method comparison
Orientation Alignment in space, direction, a sense of being It's time to fully submerge yourself in your
there and being immersed, and feedback surroundings and get used to them.
Table 2: HCI design challenges related to usability
Keyword Challenge Reference
User interface for Usability, Menus Learn-time, instructions, and psychological and physical comfort [41,[6].[12]
immersive VE
Gestural interface Good Gestural interface. [71[21]
usability
AR Technologies Dependency, Overload, [71[11]
VR, User interfaces with guidance [7]
HCU, CAVE Imitate participation energy and tiredness? Running in VR vs. Real To enhance
participant freedom, To minimize the need of an expert to run and operate a scenario
virtual immersive environment
Augmented reality, Interface Challenges [9]
challenges AR Limited user engagement and motivation.
Browser Non-adjustable user viewpoint.
Non-adjustable virtual content
3D User Interface Require visibility for interaction.
* Smaller 3D Ul in small display devices. ¢ Lack of physical
feedback.
Tangible User Difficulties in multitasking when holding TUI  Limited
Interface interaction area.
Natural Restricted movement when using body sensors * Requires
User motion tracking accuracy.
Interface * Some natural interaction techniques require training.
Multimodal Increases battery usage
User Interface Increases AR device weight.
Table 3: HCI design challenges related to interface design
Keywords Challenge Reference
interaction, data visualization, immersion | Issues and challenges [30]
analytics, and virtual reality Problems with the workflow Assessment
collaborative virtual visualization prototypes.
Table 4: Challenges in collaborative immersive environments
Keyword Challenge Reference
reality into Virtual reality persistence in submerging oneself Typing | [2]
Usability flaws in Augmented environments | Navigation [4]]11]
AR Technologies Depth perceptions in AR and VR [71[22][14][27]
Immersive analytics, Grand challenges Prolonged usage for users. [10][5][16]
HCI. VR interfaces, interactions Interaction without intermediate devices | [11][10][13]
Table 5: HCI design challenges related to usability
NISRT22NOV1557 WWW.ijisrt.com 1851
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V. DISCUSSION

Problems emerge concerning how to make utilization
human understanding, cognitive abilities, and engagement
capabilities; how to assist transition process around virtual
elements; how to deal with the complicated geometries of
immersive engagement for data processing; in addition to
how structure spatial and cross feedback.[10]

The following inquiries are answered by our
investigation of the difficulties inherent in HCI design when
used in immersive settings:

5.1 RQ 1. Which HCI design issues exist in immersive
world that are relevant to usability??

Table 3 lists numerous usability issues that we identified;
these issues are detailed further.

A. Typing

The initial concern with using a keyboard in Virtual is
that it requires the user to find it in reality while within VR.
Users must change their focus from their virtual world to the
physical surrounding' spatial arrangement [2].

B. Perseverance of immergence

When using an HMD, one's visual connection to the
"outside" world is lessened, generating strong emotions of
presence in the virtualized world. However, some
interactivity with real items is frequently required. HMD
displays are the biggest strength of VR settings. Users
complained that they had to take off their headgear in order
to use the keyboard, get a drink, or perform other necessary
actions. [2].

C. Navigation

While navigating users move through the virtual
environment that surrounds them. Users, perceiving that
they are moving virtually while they are still in reality, may
experience an effect called motion sickness [21][25],0r
While wearing HMD our eyes perceive that we are moving
while our body is immobile this produces motion sickness,
Another of the problems that we find within the VR when
navigating, is the spatial disorientation. This effect is
produced when a user uses a navigation method that does
not follow an optical continuity According to [4], navigation
techniques produce spatial disorientation, as well as
breaking the user’s immersion.

D. Prolonged usage for user

There is a time limit for using immersive worlds,
according to [10], because the user experiences eye strain
[15], muscle weariness (shoulder/neck), pressure marks
from the HMD, or the "gorilla arm™ impression from
strenuous exercise during engagement. [16].

E. Depth perceptions in AR and VR

We discovered a consistent pattern of depth
underestimate in the interior setting that is representative of
virtual worlds and augmented reality systems. However, we
discovered that participants overvalued depth in the outside
setting,  providing the user  with  inaccurate
information.[7][13][14] Similarly in VR systems such as
fish tanks Objects displayed with negative parallax on an
edge of the viewing volume give rise to confusion in the
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depth perception of these objects. Although the object
should be directly in front of the computer display, it
frequently appears to be situated behind the display [26].

F. Interaction without intermediate devices

Creating hand free movement is necessary to reduce the
stress on users by allowing them to engage with the
surroundings and move in virtual settings without having to
use artificial markers, gloves, etc. [11] [12]. The concept of
cognitive science has grown along with NUI breakthroughs.
It is considered that moving your body can help to improve
cognitive processes[23].

RQ 2.What are user interface issues for immersive world in
Human computer interaction?

Table 4 lists many Ul design issues that we identified; these
challenges are described further below.

a) Menus

In immersive world basic task like displaying a
"menu" becomes challenging in immersive
situations, this does not constitute a fast forward
movement in a 3D instance because the menu
architecture and position are typically clearly
specified for two dimensional interaction. Overlay,
location, orientation, and selections are some
difficulties that 3D menus must overcome.[3]

Additionally To enable precise actions, such
as moving a slider to a specific place or choosing
from a selection list, alternative glove interfaces or
menus that "float" in space are needed.[5][17]

b) Good Gestural interface

A gesture-based ui has the ability to eliminate the
dependence on pointing devices, reducing the
amount of time in the process of communication.
However, performing motions for lengthy periods
of time can be extremely taxing, therefore a great
gesture interface must be designed to reduce
physical stress and exhaustion and used as an
alternative to or in addition to existing interface
techniques. [6][2] Also to develop such an
interaction that uses light-weight wireless devices
for gesture, such as wireless ergonomically devices
[27[30], because these devices need not produce
any constraints on user movement.

c) Overload and over reliance

Aside from the technical challenges, the user
interface needs to adhere to certain guidelines in
order to avoid overwhelming the user with
information and to stop the user from becoming
overly dependent on the augmented reality system,
which could cause them to miss important cues
from the surrounding environment. [7][18].

d) Guided and real interface design
An interface must be created in such a manner so
that there is independence for the person involved
in the surroundings and his power is not easily
easily lost, correspondingly, a method for making
waking in virtual world near to real as walking in
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real is significantly stronger than in virtual worlds
as it has simplicity, straightforwardness, and
genuineness which are not present in Virtual
environments [29]. Additionally, the user interface
was developed in such a way that it guides the
participant through the process of running and
operating the scenario, eliminating the need for an
expert to be there. [8], including the use of 3D
maps for navigation, which appears to be beneficial
in terms of the amount of time needed to complete
a task [28].

e) Challenges in AR user interfaces
There are different type of user interfaces each with
its own set of challenges [9]
a. AR Browser
o Limited user engagement and motivation.
o Non-adjustable user viewpoint.
¢ Non-adjustable virtual content

b. 3D User Interface
Require visibility for interaction.
o Smaller 3D Ul in small display devices.
o Lack of physical feedback.

c. Tangible User Interface
Difficulties in multitasking when holding TUI
o Limited interaction area.

d. Natural User Interface

NUI have many advantages as discussed [23]
but NUI is also facing challenges discussed in
[9] such as: Restricted movement when using
body sensors

e Requires motion tracking accuracy.

e Some natural interaction techniques require

training

e.  Multimodal User Interface
There are various advantages of using
multimodal approach in immersive
environments, but the main advantage is that
multimodal interfaces enable people with
special needs to access computers easily and
efficiently [24] but there are some challenges
faced by researchers such as mentioned in [9]
e Increases battery usage
e Increases AR device weight.

f.  RQ3.What difficulties does interactive
immersive virtualization face??
Challenges in collaborative immersive
environments are divided into three groups
[31]

e Technical challenges

o Workflow challenges

o Evaluation collaborative
visualization prototypes

immersive
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g. Technical issues
¢ Networking
¢ Registration & Hologram sharing
o Framework extensibility & performance.

h.  Workflow Challenges
e [nteraction.
e Awareness
e Persistence & Transitions

VI. CONCLUSIONS

In this research, we carried out a comprehensive
review of the HCI literature. For this study, we thoroughly
reviewed the literature to determine the HCI design
challenges in immersive settings. After searching multiple
papers using similar terms across various databases, we
discovered 70 studies that fit our criteria. We carefully
reviewed each study in order to determine the answers to the
research questions that were introduced at the start of this
extensive literature analysis. We did a thorough examination
and found that different research had different usability and
interface design problems. We then carefully discussed our
data in order to come up with answers to the questions we
had for our study. We believe that by identifying the
research areas that should be focused in future studies, our
results can assist researchers.
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