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Abstract: Augmented Reality (AR), which overlays digital content within the user’s view, is gaining 
traction across domains such as education, healthcare, manufacturing, and entertainment. Hardware 
constraints of commercially available HMDs are well acknowledged but little work addresses what 
design or interactions techniques developers can employ or build into experiences to work around 
these limitations. We conduct a scoping literature review which aims to map the current landscape of 
design principles and interaction techniques employed in near-field AR environments. We searched 
for literature published between 2016 and 2025 across major databases including ACM Digital Library 
and IEEE Xplore. Studies were included if they explicitly employed design or interaction techniques 
with a commercially available HMD for near-field AR experiences. 780 articles were returned by the 
search but just 7 articles met the inclusion criteria. Our review identifies key themes around how 
existing techniques are employed, the two competing goals of AR experiences, and we highlight the 
importance of embodiment in interaction efficacy. We present directions for future research based on 
and justified by our review. The findings offer a comprehensive overview for researchers, designers, 
and developers aiming to create more intuitive, effective, and context-aware near-field AR experiences. 
This review also provides a foundation for future research by outlining under explored areas and 
recommending research directions for near-field AR interaction design.

Keywords: augmented reality; design; interaction; head-mounted display; near-field; scoping review

1. Introduction
Augmented Reality (AR) has rapidly emerged as a technology with wide reaching potential ,

enhancing the physical world by overlaying digital content in real time [1,2]. As AR applications
proliferate across domains such as education, healthcare, manufacturing, and entertainment, the quality
of user interactions—particularly in near-field environments—has become critical to the effectiveness
of these systems [3,4]. Designing effective AR interactions presents unique challenges due to the
integration of digital and physical spaces, which directly impacts user engagement, task performance,
and overall experience [5].

Although modern commercially available head-mounted displays (HMDs) offer robust capabil-
ities, their perceptual limitations are well documented (as discussed in the following section)[6–8].
While ongoing research aims to address these limitations, developers must, in the meantime, find
practical strategies to work within the constraints of current hardware [9–11]. However, there is
a noticeable gap in the literature regarding techniques accessible to developers that mitigate these
perceptual issues in near-field AR interactions using commercial HMDs.

In this paper, we investigate existing strategies to overcome, adapt to, or alleviate perceptual
challenges in near-field AR environments. To map the current state of knowledge in this niche area,
we conducted a scoping literature review of full conference papers and journal articles published
since 2016. Following the PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses for Scoping Reviews) [12,13] guidelines (the process suggested by Cooper et al. [14] and
noa [15]), we searched four academic databases—ACM Digital Library, IEEE Xplore, PubMed, and
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ScienceDirect — yielding an initial set of 780 unique items. After applying inclusion and exclusion
criteria, seven papers were retained for final analysis. We employed both deductive coding and
inductive latent pattern content analysis to extract meaningful insights.

Our findings provide a categorization and visualization of the current literature landscape, identi-
fying key themes and recurring challenges. We emphasize the roles of embodiment and immersion
in near-field AR interactions and highlight the absence of a consistent definition for the near-field
range. We propose a defined range for future studies investigating near-field interactions based on our
analysis and offer recommendations for future research directions.

2. Background
In this section we begin by discussing the relevant concepts and definitions before going on to

address the need and rationale for this work.

2.1. Augmented Reality

Augmented reality was conceptualised as early as 1965 but has seen a boom in interest in recent
years [16,17]. While the definition of AR is somewhat fluid, and there is some argument among
researchers around the differences between AR and mixed reality (MR), it can generally be agreed
that AR superimposes digital objects into the users’ view in real-time using a headset or other device
[18–20]. The aim is to add virtual components to the user’s field of view in order to provide them
with additional information while carrying out a task. Thomas Caudell, at Boeing, coined the term
augmented reality in 1992 but it is since around 2016 that a new and continuing wave of development
has changed the face of AR [21–23].

2016 saw several significant events in the field, such as the release of the first generation Microsoft
HoloLens [24], which was the fully untethered first stand-alone HMD. This was one of the first of the
modern breed of HMDs and allowed the HoloLens much more freedom than previous devices, and to
be much more flexible in a larger range of environments. The Google Scholar searches that included
the term "Augmented Reality" had a peaks in 2016 and 2017 as shown in Figure 1. This chart shows
search interest in the given term relative to the highest point on the graph [25]. The first HTC Vive [26]
virtual reality (VR) HMD and Pokemon Go! [27] were also released in 2016 with other developments
such as IKEA place [28] and the Enterprise Edition of Google Glass [29]released in 2017 which shows a
wider and consistent heightened interest in AR and XR (extended reality) more generally.

Figure 1. Google Scholar Relative Search Interest - Search Interest Relative to the Highest Point - Term “Augmented
Reality” 2014-2025.
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2.2. The Near-Field and Perception

The interactions that AR affords can be considered one of the core advantages of the technology
and there has been considerable research in this area [30]. A subset of this area is specifically interactions
in near-field ranges, that is to say the immediate area around the user. However, definitions of near-
field are varied and no more specific than “within arm’s reach" [31,32]. Speaking more generally
than XR, Cutting and Vishton [33] defined personal space in this way in 1995, going on to “arbitrarily
delimit this space to be within 2 metres".

2.2.1. Perceptual Issues in the Near-Field

Modern commercially available HMDs are very capable devices, but there are still limitations to
their use [34–36]. One of these limitations that has various knock-on effects is the fixed focal depth
which, for most HMDs, is around two to three metres, meaning that regardless of the depth that the
virtual content is intended to be it is always projected at this distance of around two metres [9,37,38].
This can induce a number of perceptual issues, principally the vergence accommodation conflict
(VAC) which is a result of the users’ eyes receiving mismatched cues [10]. The eyes’ two mechanisms
of focusing (converging onto the target and the lenses accommodating to the same target) compete
against one another and can result in discomfort, simulation sickness, and inaccurate perception of
the virtual content. This affect is more common, or more pronounced when the distance between the
viewing target and the two metre focal depth are greater, for instance in near-field interactions [39].
Focal rivalry can also cause similar discomfort in situations like this, where a user is attempting to keep
in focus two objects, virtual and physical, at different depths, at the same time [40]. In 2013 Argelaguet
and Andujar [41] stated that a major block for effective user interaction in virtual environments (VEs)
is that the technology fails to reproduce faithfully the physical constraints of the real world. While
improvements have been made since 2013, modern HMDs still cannot provide users with all the cues
they need to interpret the environment accurately [37].

Edwards et al. [42] provide an overview of the challenges of AR for surgery and suggest that
“visualization and issues surrounding perception and interaction are in fact the biggest issues facing
AR surgical guidance". It is likely then, that this can be generalised to other manual tasks with similar
requirements.

2.2.2. The Challenge of Researching Perception

Perceptual issues and how design or interactions affect them are difficult to investigate for two
key reasons. Firstly, there are a large number of contributors to perception that all have complex effects
and interactions with each other, which makes it difficult to isolate one contributor to perception,
evaluate it, and measure what affects it [7,43]. Secondly, everyone perceives things slightly differently
and the results must be empirical, only the participant of a study can see what they are seeing, the
researcher can only measure the effect of an action the participant makes as a result of perceiving
something [44,45]. This makes perception a challenging area to research.

2.2.3. Design

As stated by Cutting and Vishton [33], the strongest perceptual cue at arms length is occlusion,
followed by binocular disparity (stereopsis), motion parallax, relative size, illumination and shadows,
convergence, and accommodation. However, it is generally accepted that modern HMDs cannot
faithfully represent all these cues that enable a user to interpret their environment [36,39]. Various
design techniques to work around these issues have been investigated, such as using virtual apertures
in an occluding surface when focusing on an object beneath - X-ray vision is the example here [46].
True occlusion is not possible with optical see-through (OST) devices, but can be achieved with video
see-through (VST) HMDs, and reduced depth errors have been shown in VR when true occlusion is
achieved [47].

Perceptual issues have some commonality between different HMDs but some variation can be
observed when moving between different display technologies, that is, OST and VST [48,49]. These
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two technologies have fundamentally different ways of presenting content to the user, and as such the
perception of that content varies between the two. These perceptual differences have been investigated
somewhat, but there has been much less evaluation of their effects when interactions move into the
near-field [48].

2.2.4. Interaction

AR interactions can be supported by modalities such as speech, gaze, hand gestures, and addi-
tional hardware such as controllers or gloves [50,51]. The body of work investigating interactions
for manipulating objects in virtual environments (VEs) in the near-field generally concludes that
‘natural’, direct manipulation is preferred [52]. However, there is research supporting the contrary,
and many of the studies conducted are very specific to one task [53]. There has been comparatively
less generalisable evaluation, and research continues to extensively explore intuitive and immersive
interactions with virtual objects [41].

In VR, studies show that increasing embodiment with high fidelity avatars can reduce mental
load and increase the performance of a task and improve depth estimation accuracy, a subject that is
gaining traction in AR [54]. The extent to which avatarisation effects embodiment in AR and its effect
on interaction is not fully understood but recent research shows its potential [55].

2.3. Rationale, the Research Gap, and Need for this Review

As discussed above interaction is a key area of XR research with many issues clearly identified
and work done to combat them [5,30]. However, to the best of our knowledge, there is relatively little
work, and no synthesis of the work around what AR application developers can do to address these
issues while working within the constraints of commercial HMDs. This idea of using design and
interaction techniques to optimise the use of commercial HMDs is necessary in lieu of adjacent (but
likely slower) work going into developing the HMDs to overcome these issues fundamentally [11,56].
The aim of this review is to map current research in this area to aid developers and researchers in this
matter, and then to suggest directions for future work to take this further.

3. Methodology
We aim to identify and map the literature that discusses design or interaction techniques to

address perceptual challenges in near-field AR using commercially available HMDs. As such, we
chose to conduct a scoping literature review. Sutton et al. [57] define a scoping review as “a review
that seeks to explore and define conceptual and logistic boundaries around a particular topic with a
view to informing a future predetermined systematic review or primary research". Systematic reviews
are defined by their “comprehensive search approach", asking one specific question and carrying out a
formal synthesis, while scoping reviews instead explore a range of evidence and present the included
literature to provide a structured overview of the landscape [57]. We followed the Preferred Reporting
Items for Systematic Reviews and Meta Analyses for Scoping Reviews (PRISMA-ScR) guidelines and
the PRISMA-ScR checklist [12].

3.1. Research Questions and Aim

This scoping review is focussed on answering the following research question:
RQ1: How can virtual design or interaction techniques be used to alleviate perceptual issues in

near-field AR.
With two sub-questions:
RQ1.1: Is near-field perception better in VST than OST?
RQ1.2: What techniques are being used to work within commercial HMDs?
This work is motivated in part by experientially seeing the lack of research looking at how

perceptual issues can be addressed while still using commercially available "off-the-shelf" HMDs. As
discussed in the previous section most commercial HMDs have similar hardware restrictions magnified
in the near-field, but there is little guidance on how to work around these. There is comparatively
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more work looking at how the hardware within HMDs can be improved but we are interested in the
things that designers and software developers can do when building AR applications to help alleviate
some of the effects that the known perceptual issues can cause [58].

Therefore the aim of this review is to understand and map the existing literature that uses design
and interaction to address near-field perceptual issues while using commercially available HMDs. We
focus our search on how researchers are working within the bounds of the commercial hardware to
alleviate and overcome these perceptual issues, using design and interaction techniques.

3.2. Search Strategy
3.2.1. Definition of Key Words

To define the keywords that would be used to construct the search term, we used the PCC
(Participants, Concept, Context) framework recommended by the Joanna Briggs Institute. This process
structures the definition of key words into three groups, enabling the definition of keywords and then
listing of alternatives. Using this relieves some subjectivity from the keyword generation process. Four
key areas of interest were identified to group the terms at this stage, derived from the research question:
perception, design/interaction, AR, and near-field. The lead author was primarily responsible for this,
with the other authors consulted to ensure everyone was in agreement with the terms defined. See
Table 1 for the PCC table of terms. An initial search term was then constructed using the keywords
from the PCC table, combining the four key areas (perception, design/interaction, AR, near-field) with
’AND’ statements, and the keywords within these areas with ’OR’ statements. The initial search term
is listed here:

2016 to present
(Percept* OR visual OR vision) AND
(design OR interaction) AND
("mixed reality" OR MR OR "augmented reality" OR AR) AND
("near field" OR "near-field" OR "close up" OR "close range" OR

"peripersonal" OR "near range" OR "near by" OR "near-by")

Table 1. Initial PCC Concept Mapping.

Main Concept Alternative Key Words
Participants Anyone x

Concept
Perceptual Challenges
Design Techniques
Interaction Techniques

Visual challenges/issues
Perceptual accuracy
Perceptual efficiency
Design methods
Interaction methods

Context Near-Field Augmented
Reality

Mixed reality
Augmented reality
AR
MR
Close up
Close range
Peripersonal
Near range
Near by

To ensure no important key words had been missed, an initial search of the ACM Digital Library
and IEEE Xplore was conducted with the keywords from the PCC table. The titles, abstracts, and
author keywords from the papers returned were screened for any keywords that had been missed from
the search term. From this process only “close-range" was added to our list. There were many other
candidate keywords but all other were either deemed too broad, not specific enough to our question,
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or too specific to be included in our list. For example “depth cues" would narrow the search too much,
but “3D vision" would broaden into computer vision literature. The final search term is listed here:

2016 to present
("Percept*" OR "visual" OR "vision") AND
("design" OR "interaction") AND
("mixed reality" OR "MR" OR "augmented reality" OR "AR") AND
("near field" OR "near-field" OR "close up" OR "close range" OR

"close-range" OR "peripersonal" OR "near range" OR "near by" OR
"near-by")

3.2.2. Search Databases and Date Range

Based on preliminary searches with a subset of the keywords defined above, four databases were
identified for this review: ACM Digital Library, IEEE Xplore, PubMed, and Science Direct. These
preliminary searches were also used to establish a date range for the final search. 2016 was decided to
be an appropriate start date. As discussed in the background, this is because it is an important year
around the development of XR technology with the Microsoft HoloLens 1 released which was the first
fully untethered, stand-alone HMD. It was also a key turning point for the hype around AR which led
to increased research focus and development, as discussed in the background [22–24].

3.3. Evidence Screening and Filtering

We used a two stage process to filter and identify appropriate papers to be included. The first
involved filtering based on the papers’ title and abstract, then second against the whole paper. This is
represented in the PRISMA-ScR diagram Figure 2.

Figure 2. The PRISMA-ScR diagram illustrates the scoping review process from identification of sources to the
final sample of articles that are included for data extraction.
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3.3.1. Inclusion and Exclusion Criteria

The inclusion and exclusion criteria used to screen papers is summarised in Table 2. These criteria
were reached by taking the research question(s) and breaking it down into its components. The
exclusion criteria represent a lack of each of these components; to be excluded, a paper would meet
one or more of these exclusion criteria. An included paper must fit at least one of the inclusion criteria.

Table 2. Inclusion and Exclusion Criteria.

ID Description
IC1 Requires further reading

IC2 Near-field perceptual problem investigated in a design or interac-
tion context

IC3 Interaction technique(s) applied to a perceptual problem in the
near-field

IC4 Design technique(s) applied to a perceptual problem in the near-
field

EC1 Mobile AR (include headset with phone in)
EC2 Virtual Reality
EC3 Hardware suggestion e.g. new lens tech
EC4 Not in main proceedings
EC5 Not in English
EC6 Missing relevance to AR
EC7 Not human perception
EC8 Missing relevance to design/interaction technique(s)
EC9 Not published 2016-2025
EC10 False positive i.e. key word used in a different context
EC11 Missing relevance to near-field
EC12 Exclude review papers

3.3.2. Running the Query

The final search was run on the 28th of February 2025 (28/02/2025) with 805 total records returned
(ACM: 582, IEEE: 178, PubMed: 11, Science Direct: 34). Once collated, there were 25 duplicates leaving
780 records for the title and abstract filtering. 747 records excluded in the title and abstract filtering
stage leaving 33 records to be retrieved and read in full. 26 records excluded based on reading them
in full leaving 7 records for the final data extraction. The PRISMA-ScR diagram 2 details how many
records were included and excluded at each stage in line with the inclusion and exclusion criteria.

3.4. Data Extraction

Data extraction was again, a two stage process with the first being a deductive coding and
categorisation round and the second being inductive content analysis. This approach was chosen
in line with other scoping reviews and recommendations from PRISMA-ScR and the JBI [59,60]. It
allowed us to develop a rich understanding of the work included in our corpus and generate a
thorough construction of conceptual and logical boundaries within the content.

3.4.1. Stage One - Deductive

This first stage involved developing a set of deductive codes and coding the seven included
papers against this set. Each paper was read twice during this stage to ensure that all elements
were coded appropriately. The codes were developed first by the lead author by breaking down the
research questions and objectives of the review. The four sections of the search query (perception,
design/interaction, AR, near-field) also came into the code development to ensure all bases had been
covered and to maximise the appropriate data that could be collected. After the first round at this
stage the codes were reviewed and discussed with all the authors to fill any gaps and address the
appropriateness of the codes taken forwards.
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Each code either had a list of values to choose from to categorise (e.g. C1, C4, C6), or text was
copied and summarise directly from the paper (e.g. C2, C3, C5, C7). See Table 3 for a full list of 18
codes and predefined values. By the nature of the research question and therefore the inclusion criteria
one of C14 and C15 must be complete, i.e. a paper investigates either design or interaction. This
deductive coding stage also acted as a familiarisation phase for the next stage of the analysis.

Table 3. Deductive Codes - [...] denotes copying from the text.

Code Description Values

C1 Category

Interaction technique investigated in
the context of perception, Design tech-
nique investigated in the context of per-
ception, Design technique applied to
perceptual issue, Interaction technique
applied to perceptual issue

C2 Research ques-
tion/objective [...]

C3 Contribution [...]

C4 Contribution Type Empirical, Applications, Methodologi-
cal, System/Artefact, Theoretical

C5 Limitations [...]

C6 Type of User Study
Yes Empirical, Yes Expert Evaluation,
Yes Field study, Yes Workshop, No,
Other

C7 Purpose of User Study [...]
C8 Metric for Evaluation [...]
C9 Field Study Task Type [...]

C10
Study Details (e.g. partici-
pant demographics, target
users, sample size)

[...]

C11 User Task [...]
C12 Type of AR OST AR, VST AR
C13 Device [...]
C14 Interaction Technique [..., n/a]
C15 Design Technique [..., n/a]

C16 Perceptual Issue Ad-
dressed/ Investigated [...]

C17 Performance Improve-
ment [..., Area Investigated]

C18 Definition of Near-Field [...]

3.4.2. Stage Two - Inductive Content Analysis

Stage two of the data extraction was inductive coding. Latent pattern content analysis [61] was
chosen as an appropriate method for this as the core advantage of content analysis is to condense
information within and across the data corpus. The latent pattern part of this method means that the
researcher plays an active role in interpreting and finding meaning within the data while seeking to
establish a pattern of characteristics within the data. It is more than just collecting overt, surface level
meaning and it is inherently linked to the researcher and their interpretation. Latent pattern analysis
goes beyond the surface level to identify patterns within the data but while the researcher is integral,
it is not reliant on the position or lived experiences of the analyst to establish the patterns [61]. The
patterns are recognisable within the context.

Again, each paper was read twice for this stage of the analysis to ensure scrutiny and to close
any gaps. The previous deductive analysis acted as a familiarisation stage which aided the beginning
of this process. The lead author conducted the content analysis but the other authors were met with
after each round of reading to discuss how the papers were being coded, any issues, and the codes
themselves.
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3.4.3. Critical Appraisal, Limitations, and Potential Bias

While scoping reviews typically include all types of evidence we chose to restrict our search to
full paper proceedings and journal articles in order to set a high level of research rigour. The result of
this is a small data corpus of just seven papers. But this in itself was motivation for this review, the lack
of research in this area. By conducting this review we hope to help direct future work in this space.

A potential limitation of this review is the chance of missed keywords and therefore missed
papers. We endeavoured to avoid this by using the PCC method for collating keywords for the search
term however this is not unassailable. We do however, believe that we have been thorough enough to
cover enough of the data in this space to be representative. This enables us to maintain confidence in
the results of our review.

One challenge during the evidence screening was the large volume of papers returned from the
query that were deemed irrelevant, specifically that fell into exclusion criterion 10 (EC10), false positive.
We believe that this is due to the imprecise nature of the keywords that define this space. Nearly all of
the keywords that should narrow down the search (presented in the PCC table 1) are used in different
contexts. The result of these keywords having multiple meanings or wide meaning is a large number of
papers that the query returns correctly (because the keywords are present) but are not relevant to our
research question. As discussed previously this was part of the motivation for not including any more
keywords returned after the initial search to validate search terms. Maintaining these wide-reaching
keywords though, increased the likelihood that we found all relevant papers.

We recognise that there is the potential for bias throughout the process of choosing keywords,
screening evidence, etc but through the process described here we have endeavoured to limit the
effects of this bias. By using methods such as PCC we removed a level of subjectivity when establishing
keywords. Similarly by defining a thorough inclusion and exclusion criteria ahead of the screening
and discussing papers where there is any doubt with all authors, we ensured rigour in our work.

3.4.4. Synthesis

While a formal synthesis is not usually included in a scoping review the results section below
presents the findings from the data extraction from both the deductive and inductive coding in order
to harmonise the meaning. The results from the deductive round are presented first, largely with
tables and graphs illustrating the categorisation of the included papers over different groups. The
results from the inductive round are presented as themes that represent a collection of related codes
recognising a pattern in the data.

4. Results
This section is split in line with the two rounds of analysis, the deductive coding, and the inductive

content analysis. The deductive results give an outline of the focusses of the included papers and
the metrics that describes the data corpus. The results from the content analysis are presented as the
themes that were generated through this process.

Two key findings that will be discussed further in line with the themes are highlighted here. The
first observation, is that of the two competing goals when developing near-field AR experiences - One
goal is to replicate the real world faithfully, to provide the user with all of the cues that they would
receive and use to make decisions for real world interactions. Conversely, the goal to build on the real
world using AR to achieve what cannot be achieved in the physical world, interactions and experiences
that are only possible due to the technology. The second observation concerns the way that design
and interaction techniques are applied. Design techniques are employed to help replicate the real
world or work around scenarios where true replications cannot be achieved, interaction techniques are
applied to work around obstacles to realism or go beyond realistic capability and provide experiences
impossible without the technology [62,63].
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We present an answer to our main research question but found insufficient evidence to provide
answers for the two sub-questions. The discussion section will describe links between points in the
results, their impact, and what this means going forwards.

4.1. Deductive

The deductive codes allowed us to break down the data corpus into groups which enables us to
illustrate how different categories and factors are represented within the included papers.

Firstly, the codes C1, C15, and C16 show us that there was a near 50:50 split between papers of
the two categories, and interaction techniques vs design techniques. Four papers fell into the “Design
technique applied to perceptual issue" and three into “Interaction technique applied to perceptual issue", this
was similarly reflected between C15 and C16.

In opposition to this 50:50 split, of the included papers only one used a VST HMD, the rest used
optical see-through HMDs. Of these six, five used a Microsoft HoloLens (four studies using the second
generation), and the other two used other HMDs (Meta DK1, Epson Moverio BT200).

All seven studies in the data corpus conducted an empirical field study with participants. This is
likely due to the nature of researching in the area of perception. As everyone perceives things slightly
differently and it is impossible to know exactly what someone else in seeing, you can only measure the
result of an action upon what they are seeing - an empirical study is necessitated [45]. This builds on
the challenges of researching this area as discussed in the background.

There was a lot of variability in how near-field was presented and the boundaries placed upon it
with many studies loosely defining it as “within arm’s reach". All studies either defined near-field or
conducted their study between 25 cm and 100 cm in front of the participant.

Figure 3 ’A’ shows the distribution of publication years across the data corpus with most (three)
papers published in 2023, and two papers published in 2024. Figure 3 ’B’ illustrates C8 describing the
physicality of the objects used in the study task. The tasks in four of the studies fell into “virtual to
physical", i.e. the participant was asked to move a virtual object relative to a physical target, and the
tasks in three studies included both virtual to physical and virtual to virtual elements. No studies
investigated purely virtual to virtual stimuli.

Figure 3. Pie Charts Showing Spread of Publication Dates (A) and Target Physicality of the User Task (B).

Figure 4 shows the number of participants engaged by each study and the mean average at 28.
This includes one study engaging just four participants while all others had 13 or more participants.
This difference in the number of participants was due to the specialised and intensive nature of the
user task, involving participants specific to the application and a much longer engagement.
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Figure 4. Bar Chart Showing the Number of Participants Engaged by Each Study.

There was little cohesion between the types of task each study used in their investigations. Some
asked users to move a virtual object relative to another, following or taking inspiration from blind
reaching (a common technique used to study hand-eye coordination [64]), others made interactions
more directly with a single virtual object. Nor was there much consistency in the metrics for evaluation.
Task completion time was the most common metric and often there was a combination of quantitative
and qualitative assessment. Quantitative metrics were very specific to the task and the research
questions, qualitative metrics tended to be usability questionnaires or the NASA-TLX [65] or similar.

A wide range of perceptual issues were investigated in the studies included, depth perception
being the most common. Others included focal rivalry and VAC, perception-action coordination, and
parallax.

4.2. Inductive
4.2.1. Hardware Effects or Limitations for Near-Field

It is well known that there are limitations to experiences laid on by the hardware of commercially
available HMDs, what we have found here supports this and gives further support and context to this
point for near-field applications. As discussed in the background the source of a significant issue is the
fixed focal depth that all virtual content is displayed at, and when virtual content moves away from
this point perceptual challenges arise. This fixed depth is often around two metres which therefore
exaggerates issues for near-field tasks as the interaction point is at least a metre away from this fixed
focal depth (as indicated by definition of near field above).

Also highlighted by this theme is the difference in hardware limitations between OST and VST
technologies. Firstly, we have further support of the statement that OST and VST pose different
design challenges. This is a known entity and is intuitive but our review reaffirms this in the context
of near-field interactions. Additionally, we highlight two key issues with OST technologies that
hinder immersion and exacerbates perceptual issues. One, the inability of OST HMDs to provide
true occlusion. While it is stated within the contribution of one of our included papers that occlusion
is not necessary for accurate depth perception and near-field interactions if all other depth cues are
preserved, occlusion is a strong depth cue that users are often reliant on especially as current HMDs
don’t preserve other depth cues 100% accurately. Cutting and Vishton [33] ranks occlusion as the most
important depth cue for near-field perception. This means that depth perception overall is decreased
as the user often cannot decipher which object is in front of another. In addition, and as discussed in
the background, HMDs still cannot faithfully represent all the cues needed to perceive an environment
[41].

The second issue is the effect of the restricted field of view (FOV) of commercial HMDs. This
is particularly an issue where the amplitude of interactions is high, or higher than the FOV [63]. We
theorise that this is in part due to immersion being reduced when harsh boundaries of a narrow FOV
interrupt natural interactions. This notion of immersion continues into the next themes.
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4.2.2. Real Interactions are Multi-Modal

This theme discusses the observations and opportunities of multi-modal near-field interactions. It
is a known matter that multi-modal interactions can perform better than uni-modal interactions but
we confirm this for near-field interactions, provide specificity of what multi-modal interactions were
investigated in our data corpus, and theorise a reason for this.

Gaze and tactile feedback were the key additional input modalities explored by studies in our
data corpus where each was combined with hand gestures and evaluated relative to a uni-modal
counterpart. Overall an increase in performance was observed but with various nuances in the effect.
Gaze is naturally linked to hand gestures as a precursor interaction and using gaze to initiate an
interaction with a hand gesture as a trigger has been shown to be effective [63]. It is however, necessary
to choose an appropriate combination of gaze and hand gesture to suit the task presented. Tactile
feedback was shown to improve depth perception [66] however one observation with tactile feedback
was the trade off that developed between speed and accuracy. Different forms of tactile feedback could
be chosen for tasks that require higher accuracy or faster completion [66].

There are two main points to drawn from this theme, the first around how task dependent
interactions are and while the studies we included in our data corpus present some suggestion there
has been no work to evaluate AR interactions’ situational pros and cons and present any kind of
taxonomy for how to choose appropriately for a given task.

Secondly, we come back to immersion. Real world interactions are multi-modal [67], and as
summarised at the start of the discussion there are two competing goals for developing AR experiences;
replicating the real world and building on the real world. Interactions in AR are often trying to do
both of these at the same time, in that real world interactions naturally have tactile feedback which is
being simulated somehow in AR but also gaze is being used in combination with hand gestures to
provide the user with interactions that are not possible in the real world. Sometimes gaze may be used
to simulate a real world interaction or as a workaround for when a direct simulation is not possible,
and these two ideas are not always distinct, but in every situation the aim is (indirectly maybe) to
increase in immersion, which in turn increases performance.

4.2.3. Despite More Accurate Options Hand Gestures are Preferred for Near-Field Interactions

As discussed in the previous theme there are a multitude of different interactions available when
designing for AR each with their own pros and cons, two interaction methods could out perform one
another on different criteria. There is however, consensus that natural hand gestures (a wide group) are
the preferred mode of interaction for near-field applications, despite becoming less effective at further
ranges. This is still the case even when more accurate options, such as longer precise interactions or
haptic hand tracking gloves, are available. The ease, naturalness, and speed of natural hand gestures is
preferred over any accuracy gained by more precise but longer interactions or the use of wearables.

This raises two considerations firstly it reaffirms the need to choose interactions appropriate to
the task and there will never be one interaction for every task in every situation. Secondly, some level
of inaccuracy is tolerable or even preferred if the alternative is better accuracy but longer completion
times or additional hardware.

This somewhat goes against the previous theme and multi-modal interactions as without any
additional hardware haptic feedback (shown to be effective at improving depth perception) cannot be
provided. However, if a ’good enough’ interaction can be achieved using a different second interaction
mode or simply using hand gestures alone, then the experience is not hindered by the subtle inaccuracy.
For surgical applications however, or any other scenario with a manual task and where accuracy is of
highest priority, the extra time or additional hardware may still be worth the cost to the experience.

Avatarisation, Perception, and Embodiment

It was made clear from the studies within our data corpus that a significant source of error for
interactions in OST AR is a difference in the interacting layer and the visible layer. The visible layer

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 16 June 2025 doi:10.20944/preprints202506.1206.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202506.1206.v1
http://creativecommons.org/licenses/by/4.0/


13 of 20

being the effector that the user can see when performing an action, the interacting layer being what
the HMD ’sees’ and what is used to determine whether or not a collision has occurred between the
effector and the object. This is not an issue that occurs in VST AR as the visible layer is replicated
from the interacting layer and presented to the user. It is also an issue likely exaggerated in near-field
interactions due to the interaction point being much closer than the focal depth of the HMD, as
discussed previously.

Studies within our data corpus investigated avatarising users’ end effectors (hands) in OST AR to
approach this issue and came away concluding that avatarising end effectors can improve interaction
performance regardless of the avatar fidelity. Even a crude avatar overlay over the user’s hand could
improve performance due to the visible and interaction layers aligning.

This links back to the points made on immersion in the first two themes. Avatarising effectors can
be argued to improve immersion and embodiment, which has positive effects on interaction efficacy,
especially as the effectiveness of interaction techniques has been shown to change with the degree of
physicality [68,69]. This is evidence that the more a user is immersed in an AR experience, the more
they feel they embody the ’character’ they play in an AR experience, the better the interactions and the
better the experience they will have. It can be argued that all the techniques covered in this review
are techniques that aim to increase a user’s level of immersion. Both design techniques employed
to replicate realistic cues, and interaction techniques working around obstacles to realism or going
beyond realistic bounds, as mentioned at the start of this section.

Further work needs to be done to investigate the full effects of avatarisation on interaction efficacy
in the near-field, but its role in improving levels of immersion and in turn interaction efficacy is
undoubted.

4.2.4. Depth is the Main Contributor to Perceptual Inaccuracy, Particularly in the Near-Field

Depth perception was one of the main issues investigated by the studies in our data corpus and
we suggest it here as the main contributor to perceptual inaccuracy for near-field interactions. This is
an effect of near-field interactions being a long way from the fixed focal depth of commercial HMDs,
as discussed in the background and throughout this review. Challengingly, the depth bias has been
noted in both positive and negative directions. This means that an object can appear either nearer or
further away than it actually is.

Design Techniques used to Alleviate Depth Estimation Errors in the Near-Field

Design techniques are largely focused on replicating the real world to improve realism and
immersion in AR experiences and it is the perception of depth where their efforts have most frequently
been applied. Depth cues are difficult to replicate for virtual objects in AR, therefore design techniques
are employed to either better replicate real world depth cues, or to provide the user with additional
information with which they can make a judgement on the depth of an object [62,70]. However, design
techniques were also used to more directly address the clarity of the virtual components [71]. There is
little cohesion in the techniques employed within the studies included in our data corpus and more
research is required to be able to suggest any kind of guidelines for what design techniques to use in a
given situation.

Some key findings are listed here:

• Correct estimation of depth is possible without occlusion (although with lower confidence) if all
other depth cues are preserved.

• Virtual objects that are less opaque and have higher contrast are easier to align with physical
counterparts.

• Virtual object size and brightness can affect depth estimation.
• Sharpening algorithms can aid perception of virtual objects that are much closer than the fixed

focal depth.
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• Complex occluding surfaces negatively impact perception of objects beneath, but virtual holes in
the surface can help.

4.2.5. Perception is personal and made up of a multitude of factors

This final theme reiterates the known entity of how personal perception is and brings it into
the context of near-field. The first point here observed through our analysis is that perception is a
personal experience with many factors effecting it, but crucially it cannot be measured directly, only
via a participant’s response. The researcher is never going to know exactly what the participant sees,
instead they must measure the effects of empirical observations from a participant. Further to this
there are a large number of factors that effect a user’s perception, both physical variations such as age
but also the personal choices and experiences. The preferred interaction technique for a situation may
vary between users, some interaction techniques can cause physical exertion, a factor that will affect
users, and therefore interaction efficacy, differently. Interaction techniques can also have different
affects on perception, which adds further variability.

Beyond the personal nature of perception, it is a difficult area to research as it has so many
components it is difficult to isolate and investigate them individually. This goes for perceptual cues
individually but also we have found design and interaction techniques are linked making it difficult to
investigate either independently. This links to the previous theme and the use of design techniques
to aid depth estimation, as there are so many factors involved when investigating this area it is
challenging to make strong conclusions and suggestions.

5. Discussion
Here we summarise our results and how they address our research question, highlight our

contribution, and suggest directions for future work.

5.1. Summary of Results and Contribution

Our results showed that of the studies included in this review there was a near 50:50 split between
the two categories design technique applied to perceptual issue and interaction technique applied to perceptual
issue with all papers involving empirical user studies. A variety of HMDs were used but mostly the
Microsoft HoloLens 2, with all but one study focussing on OST technology [66]. The definition of
near-field varied, but all studies conducted their tasks within 25 and 100 cm in front of the user.

Through the inductive content analysis of the data we presented five themes and two sub-themes
as listed below.

1. Hardware effects of limitations for near-field
2. Real interactions are multi-modal
3. Despite more accurate options, hand gestures are preferred for near-field interactions

• Avatarisation, perception, and embodiment

4. Depth is the main contributor to perceptual inaccuracy, particularly in the near-field

• Design techniques used to alleviate depth estimation errors in the near-field

5. Perception is personal and made up of a multitude of factors

For the this review we asked the research question “how can virtual design or interaction tech-
niques be used to alleviate perceptual issues in near-field augmented reality?". These themes charac-
terise various concepts that contextualise insights in line with this question and aim to answer it. Some
elements discussed confirm some known concepts into the context of near-field interactions, as well as
addressing the research question more directly.

Embodiment and immersion is raised throughout and it is clear that a more immersive experience
contributes to improved interactions. While this may not directly address the research question it can
be used as a proxy or adjacent goal for AR experiences. It is design and interaction techniques that
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address perceptual issues or enhance an experience, and a more immersive experience with users
feeling stronger embodiment that affords users more natural, precise interactions.

Our results showed how design and interaction techniques are applied differently to effectively
address different goals. It was observed that building AR experiences comes with two goals, replicating
the real world to enable believable immersive experiences, and enhancing real world capability via
the AR technology; and the use of design and interaction techniques can be seen to coincide with this.
Design techniques tend to be employed to represent the real world better or work around hardware
restrictions to provide the user with more information when understanding their experience. Whereas
interaction techniques generally enable experiences that are not possible in the real world, affording
the user the opportunity to interact in a different way. There is cross over here, for example where
interactions that are not possible in the same way in AR (such as the natural feedback from touching
an object) are worked around with different interaction techniques enabled by AR technology [66].

Here we highlight these two findings from this review: The adoption of immersion and embod-
iment as a key goal when evaluating interactions in near-field augmented reality, and the acknowl-
edgement of two competing goals for AR experiences - replication, and advancement. In addition,
we found no further definition for near-field interactions across out data corpus other than the arm’s
length" or up to two metres suggested by Cutting and Vishton [33] with studies conducted at a range
of distances. In response to this we advocate for future research to converge on using a range of 25-100
cm in front of the user for studies involving near-field interactions. Closer than this, and even without
the use of AR, reading becomes difficult, further than this is further than the average person’s arm
length and gets closer to the two metre fixed focal depth of most commercial HMDs for perceptual
issues to reduce [39,72]. This range is indicative of ranges that the studies included in this review were
conducted within. Similarly, the upper boundary of the “comfortable viewing zone" [73] recommended
by Microsoft for the HoloLens 2 is 125 cm, and thus is commensurate.

For this review was also asked two sub-questions "Is near-field perception better in VST than
OST?" and “What techniques are being used to work within commercial HMDs?". This first question
we are not in a position to answer as only one paper included in our data corpus used a VST HMD.
This is an areas that need further work, as discussed in the next section. We asked the second question
aiming to have some initial advice for developers and designers of AR applications in this space. We
have attempted to answer this question throughout the results section but it is clear that there is a lot
more research to do in this area before clear guidance can be given for these developers and designers.

5.2. Research Opportunities

As illustrated by the small number of studies included in our data corpus, this is an under
researched area that would benefit from increased attention. Going forwards, using commercially
available HMDs is going to be the most accessible option and therefore until hardware issues and
limitations such as the fixed focal depth (amongst other things) can be overcome, we must work within
their bounds. How design and interaction techniques are employed to work around these limitations
and create better experiences will be invaluable.

Secondly, and in tandem with this first point a wide scale, generalisable evaluation of different
interaction techniques, their pros and cons, and their applicability to different scenarios would be
valuable to designers creating AR experiences in making informed decisions about what techniques
should be used in different situations. This could result in a taxonomy being produced that designers
of AR experiences could call upon when developing for different scenarios.

Finally, it is clear that the commercial market is moving away from OST HMDs and towards
VST devices [74] however the studies available at the time of this review are very OST focussed. This
illustrates a wider shift in the AR scene around how Microsoft (amongst others) grabbed the AR scene
with the HoloLens in 2016, but since then the world has shifted away from this technology towards
VST instead. Microsoft have dropped the HoloLens 2 and any plans for a third generation device and
the market leaders now mostly produce VST devices, Meta with the Quest 3 and Apple with the Vision
Pro being the biggest examples. How current research in this area and the taxonomy called for above
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translates to VST is unclear. Can VR guidelines be drawn on? How do they need to be adapted for
VST AR? How does existing research in OST design and interaction transfer to VST? Future research
must investigate this.

6. Conclusion
We present a scoping literature review of seven studies that investigate design or interaction

techniques to address perceptual challenges for near-field augmented reality. We reviewed the papers
with a two phase approach, both with a deductive code book and inductive content analysis. We
contribute a series of key findings that address our research question, and go on to suggest threes areas
for future research and give reasons for these.
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