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Abstract 
Designing eXtended Reality (XR) interaction techniques that func-
tion efficiently across varying contexts remains a significant chal-
lenge, leading to a fragmented landscape of input paradigms. A key 
factor influencing interaction performance is the user’s distance 
from virtual content. To address this, we present two user studies 
investigating how distance impacts interaction efficacy and user 
experience in XR environments. These studies evaluate widely used 
interaction methods—freehand techniques (Press, Airtap, Hover) 
and gaze-based techniques (Eye and Head)—across four proxemic 
zones: Intimate, Personal, Social, and Public. Each study involved 32 
participants, with a combined total of 4,608 interaction trials (1,152 
in Study 1 and 3,456 in Study 2). Findings reveal the strengths and 
limitations of techniques depending on user-object distance. Based 
on these insights, we offer design recommendations for tailoring 
XR interaction modalities to proxemic factors. This promotes adapt-
able interaction design, enabling more inclusive and personalised 
user experiences across diverse XR scenarios. 
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1 Introduction 
Recent advances in immersive technologies have rapidly evolved eX-
tended Reality (XR) from concept to a commercially viable medium, 
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with significant implications for the future of human-computer in-
teraction (HCI) [1, 58]. By merging physical and digital worlds, XR 
is redefining how users can engage with digital content in everyday 
contexts. Current XR systems are often equipped to support envi-
ronmental awareness, motion tracking, and multimodal interaction 
[13]. However, many XR applications still rely on a single, fixed 
input method, limiting their ability to respond to users’ changing 
needs and interaction contexts [18, 52]. 

To unlock XR’s potential as a ubiquitous, user-centric technology, 
interactive systems should become capable of interpreting the spa-
tial relationships between users and surrounding digital or physical 
elements. This would allow systems to offer the most appropriate 
input technique or system output, tailored to contextual factors 
such as user abilities, preferences, or environment [8, 9, 16, 30]. 

This idea of spatially adaptive interaction design draws heavily 
from Proxemics [17], a theory rooted in social science that classifies 
interpersonal space into four zones: Intimate (<0.5 m), Personal 
(0.5–1 m), Social (1–4 m), and Public (>4 m) [10]. These zones shape 
how people behave and interact depending on distance, activity, 
and perceived affordances [15]. 

In ubiquitous computing, Proxemics has been used to support 
context-aware interactions that adapt as people and devices move 
through space [2, 14]. However, its integration into XR interaction 
design, particularly for switching or combining inputs based on 
distance, remains under-explored. While studies have considered 
distance-aware interfaces, focus has primarily been given to output 
adaptations [25] and freehand paradigms [8], with no studies found 
to compare a range of commonplace, peripheral-free selection tech-
niques across proxemic zones. 

To begin addressing this gap, this paper reports on two empirical 
studies investigating how distance affects fundamental selection. 
Conducted in a seated setup, where users cannot easily adjust their 
position, the studies evaluate freehand (Press, Airtap, Hover) and 
gaze-based techniques (Eye and Head) across all proxemic zones. 
Selection time, error rate, task load and preference are used to 
compare the performance and suitability of each input method. 
This provides a foundation for exploring how proxemic dimensions 
can inform context-aware interaction techniques in XR. 

2 Background 
Distance has been found to affect the suitability of XR input tech-
niques, thus playing a crucial role in selecting appropriate methods 
for XR interactions in different spatial contexts [24, 63]. In this 
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section, focus is given to highlighting the advantages and limita-
tions of freehand and gaze techniques across different distances 
and applications. 

2.1 Freehand Interaction 
Freehand interaction in XR, using gestures such as pressing, pinch-
ing, pointing, and grabbing, is widely supported in head-worn dis-
plays (HWDs) and allows users to intuitively perform actions like 
selecting, manipulating, or scaling virtual objects across different 
distances [18, 23, 62]. These gestures are often described as engag-
ing and immersive, especially in creative or exploratory contexts 
such as gaming or artistic tasks [19, 47, 55]. Many techniques are 
based on familiar input metaphors; for instance, the Airtap gesture 
replicates a mouse click and has been found to be as effective as 
physical buttons in various conditions [12, 18, 42]. 

Studies comparing near and far gesture techniques report mini-
mal differences in efficiency or usability. Caputo et al. [7] found that 
performance was not significantly affected by distance when evalu-
ating freehand methods such as Airtap for room-scale manipulation. 
Similarly, Lilligreen et al. [26] observed no substantial differences 
between Press for near targets and Airtap for distant ones, although 
some participants felt that Airtap was less intuitive. Gestures such 
as pinching may also lead to unintentional activations when the 
user’s hands are at rest [45]. 

Simplified techniques like Hover aim to reduce gesture complex-
ity by allowing users to select objects by holding a pointer over 
them for a short duration [48]. While Hover can be effective for 
selecting large objects [3], it often suffers from issues such as the 
Midas touch [4] and can cause fatigue due to prolonged arm eleva-
tion [48]. It is also less suitable for tasks that require fine precision 
[29], indicating that its use may be best limited to specific scenarios. 

To improve the overall user experience, researchers have ex-
plored adaptive systems that change input methods based on user 
proximity to virtual content [8]. For example, the HoloLens 2 en-
courages the use of Press for nearby objects and Airtap for distant 
ones [41]. In addition, refinement methods like Go-Go allow users 
to extend their reach through non-linear mappings [56], and dy-
namic scaling techniques adjust the size or placement of virtual 
elements according to distance [28, 61]. Since no single gesture 
performs optimally in every context, future XR systems are likely 
to benefit from multimodal interaction approaches that adapt input 
methods to both user preferences and situational needs [16, 30]. 

2.2 Gaze Interaction 
While typically used for implicit input [44], head and eye track-
ing are increasingly employed for explicit interactions in XR [18]. 
These techniques are particularly valuable when users’ hands are 
occupied, enabling broader use cases than freehand interaction 
alone [43, 50]. Gaze-based interaction is discreet and useful for 
quick selections, such as pressing buttons or navigating menus [29], 
but is often viewed as less intuitive and harder to implement for 
complex tasks [32, 50]. Despite these limitations, users generally 
find gaze input easy to learn [44]. 

Head tracking is more stable across environments due to the 
nature of the built-in HWD sensors used, making it more accurate 
and consistent than hand or eye input for distant targeting [29, 59]. 

For example, Whitlock et al. [63] explored the impact of distance on 
techniques, comparing head-based pointing (with Airtap or Voice 
as a selection mechanism) and a hardware controller, for objects 
placed in Social and Public proxemic zones. Although handheld 
remotes are commonplace, they found that participants performed 
comparably when using head-gaze as a pointing method, and it was 
perceived as significantly more efficient and usable than device-
mediated interactions, primarily due to cursor visibility at the centre 
of the user’s field of view. 

Eye tracking, now a common feature in HWDs such as the 
HoloLens 2 and Apple Vision Pro, often struggles to differenti-
ate between user attention and intention, particularly when using 
dwell-based selection [4]. Pfeuffer et al. [44] explain that this chal-
lenge arises because XR gaze interactions involve two distinct tasks, 
information consumption and interface selection, requiring careful 
consideration of the transitions between the real world and the 
virtual interface. Inaccuracies are also caused by environmental 
noise, calibration demands, and reduced reliability when targeting 
small or distant objects [24, 59]. These challenges often lead users 
to prefer hybrid methods that combine gaze with a confirmation 
input like blinking or button presses [31]. 

Empirical comparisons suggest that head pointing generally 
outperforms eye-only methods, especially for distant interactions 
[24]. Qian and Teather [49] compared eye, head, and a multimodal 
technique (using both eye and head) for selections in the Public 
zone. Results indicated that eye-only selection provided the worst 
performance in terms of error rate, selection times, and throughput, 
which was primarily attributed to issues with eye tracking and 
calibration. The hybrid approach, combining eye and head, failed to 
leverage the benefits of both methods, with head offering the fastest 
selection times, the best accuracy, and being strongly preferred. 

Although head and eye offer effective pointing techniques, the 
potential of using these inputs interchangeably remains under-
explored. As XR systems evolve, more research is needed to under-
stand how different inputs can be integrated into adaptive interac-
tion frameworks that respond to distance and context [30, 52]. 

3 Methodology 
Two user studies were designed to explore the appropriateness of 
commonplace interaction techniques at different distances. Seated 
scenarios are prevalent in XR (e.g., for extended workspaces [31, 35] 
and interaction while travelling [8]), therefore, focus is given to 
fundamental selection within a seated MR environment. 

In Study 1, objects are selected within the Intimate proxemic 
zone (<0.5m) using Press and three time-based selection techniques; 
Hover, Head and Eye. Study 2 compares Airtap, Hover, Head and 
Eye with objects placed within the Personal (0.5m-1.0m), Social 
(1.0m-4.0m) and Public (>4.0m) proxemic zones. (see Figure 1). 

Two studies were conducted to limit session duration (priori-
tising participant well-being) and to prevent extra cognitive load. 
Combining near and far interactions would have forced participants 
to switch between Airtap and Press, adding complexity that might 
have biased comparisons at this stage of research. 

The task explored in both studies is centred around a widespread 
“observe and interact” scenario, where a user may be referring to 
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Figure 1: Study 1 within the Intimate proxemic zone (a) evaluates four techniques (Press (c), Hover (e), Head (f), and Eye (g)), 
while Study 2 across Personal, Social, and Public zones (b) evaluates Airtap (d), Hover (e), Head (f), and Eye (g). Both studies 
involved selecting 9 cubes at each distance from an array of objects as shown in (a). 

one interface component to gather information (e.g. a text docu-
ment/set of instructions, specification, video, or design concept), 
before interacting with another to perform a task (e.g. selecting 
a virtual menu panel/button or an object to interact with) [8, 27]. 
Details for how both studies were conducted are provided below. 

3.1 Apparatus 
In both studies, the XR environment was developed for the Mi-
crosoft HoloLens 2 using C# in Unity and incorporating the MRTK 
2.7.2.0 SDK. Throughout each study session, the Windows Device 
Portal was used to remotely launch applications, monitor partici-
pants, and assess the stability and refresh rate of the HWD. First-
person, live Mixed Reality captures were recorded via the device 
portal to support data analysis. Additionally, ambient lighting was 
routinely measured with a lux meter to ensure it remained within 
the recommended range of 500-1000 lux [37]. 

3.2 Environment 
The user experiments were conducted in a controlled environment 
under lab conditions. The room had no furniture except a partition 
screen blocking the researcher from the participants view, a small 
desk, and a non-swivel office chair (see Figure 2). 

3.3 Participants 
32 right-handed participants (21 male and 11 female), aged 22-44 
(M = 29.28, SD = 6.01) took part in Study 1. Participants were from 
a population of university students and staff from the faculty of 
computing. Based on self-reported experience, participants ranged 
from novice XR users who had never (n = 6) or rarely (n = 8) used 
immersive technologies, to more experienced users who used them 
monthly (n = 12), weekly (n = 5) or daily (n = 1). 

Study 2 again included 32 right-handed participants (22 male 
and 10 female), aged between 22 and 44 (M = 29.13, SD = 6.03). 
Participants were from the same population of university students 
and staff as Study 1, with 26 participants taking part in both studies. 
Users ranged from novices who had never (n = 5) or rarely (n = 6) 

used immersive technologies, to more experienced users who used 
them monthly (n = 15), weekly (n = 5) or daily (n = 1). 

Handedness was not part of recruitment criteria, and as the ob-
ject array was 3x3 and centralised (see Figure 2) it is expected for 
results to be transferable to left-handed users. No participants with 
colour blindness and/or with corrected visual acuity below 0.80 
were included in the analysis (see section 3.6 for details on screen-
ing). All participants were compensated with a £10 gift voucher. 

3.4 Interaction Techniques 
Figures 1 c, e, f, and g illustrate the four interaction techniques 
explored in Study 1; with d, e, f and g showing those considered in 
Study 2. Here, focus is given to comparing the widely used baseline 
techniques of Press and Airtap with common time-based techniques: 
Hover (hand pointing), Head gaze and Eye gaze [18]. 

These techniques were developed following HoloLens 2 guide-
lines, using MRTK 2.7.2.0 [38]. The MRTK provides assets that 
facilitate accelerated cross-platform development. Therefore, to 
enhance replicability, the default parameters offered by the MRTK, 
including cursor sizes and settings, were used. Dwell time for Hover, 
Head, and Eye was determined by following HoloLens 2 recom-
mendations [39]. Details for each technique are outlined below: 

Hand Press. Required participants to position their finger over 
the target cube before employing a “Press” gesture to execute the 
selection. The cursor would transition from a torus to a solid circle 
to communicate depth, with selections being triggered on release. 

Hand Airtap. Involved a two-step interaction process. First, users 
pointed at the object of interest, then employed a “Pinch” gesture 
to execute the selection. This was achieved by controlling a cursor, 
which was attached to the end of a ray rendered from the palm. A 
solid ray and cursor indicated successful gesture registration, with 
selections being triggered on release. 

Hand Hover. Employed a dwell or “Hover” time, requiring that 
the default MRTK cursor, which was attached to the end of a ray 
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Figure 2: Environment during (a) the observe stage, and (b) interact stage. Objects are representative (not to scale). 

rendered from the palm, continuously intersected the object for 
one second to trigger a selection. 

Head Gaze. Employed a cursor attached to the end of an invisible 
ray, which extended from the HWD towards the forward facing 
direction. Selections were triggered when the cursor had continu-
ously intersected the object for one second. 

Eye Gaze. Relied on the visual feedback defined in Section 3.5 to 
indicate object targeting and selection. A cursor was attached to 
the end of a ray which extended from the eyes toward the viewing 
direction, however, this was not visible to avoid an effect described 
as “fleeing cursor” [40]. Selections were triggered when participants’ 
gaze continuously intersected the object for one second. 

3.5 Tasks 
Once comfortably wearing the HoloLens and seated at the desk, 
participants were asked to look straight ahead at a marker whilst 
the application loaded. Following this, a text prompt instructed 
participants to select a start button to begin (using the interaction 
technique explored) and the environment would alternate between 
the observe and interact stage as shown in Figure 2. 

“Observe” stage. For each trial, participants were instructed to 
turn to the right (45°) and view the reference stimulus (target), 
which was displayed for 5 seconds based on BT.500 guidelines 
[57]. Following this, a text prompt was displayed, instructing the 
participant to face forward and select the corresponding target from 
an array of cubes (as considered in previous work [6]). 

“Interact” stage. In both studies, the object array measured 25cm 
x 25cm x 5cm and each cube was spaced 5cm apart. The array was 
positioned so all cubes were identifiable within the HoloLens 2 
FOV, centred -0.12m below the horizon line relative to the height of 
individual participants [36]. Objects were world-anchored at each 
distance in accordance with real-world interactions [17, 63]. 

In Study 1, the array was positioned 0.5m away from the user 
and cubes had a visual angle of 5.7°. In Study 2, it was placed 1.0m 
away from the user for interactions within the Personal zone (cubes 
= 2.9° visual angle), 2.5m away for interactions within the Social 
zone (cubes = 1.1° visual angle) and 5.0m away from the user for 
the Public zone (cubes = 0.6° visual angle). 

Targets were represented by 9 different symbols (see Figure 2) 
and were shuffled for each trial. Participants were asked to select 

objects in randomised order. This was based on object position in 
Study 1, and object distance and position in Study 2. 

Selections could be made by interacting with any point of the 
target cube. All cubes were black by default and turned blue when 
targeted, with visual feedback initiated after a delay of 200ms. If 
a selection was successful, the target cube turned green and a 
confirmation sound was triggered from the MRTK sound library. 
In cases where participants interacted with the wrong cube, the 
target turned red and produced an MRTK error sound. 

Participants were asked to return to their natural resting position 
between trials. A reset task button was also provided at the starting 
position, which was used in cases where participants were unable 
to recall the target object. The correct target had to be selected to 
continue. Participants performed a total of 9 selection tasks with 
each technique at each distance. After all targets were selected an 
“End of Condition” message appeared to prompt participants to 
cease the process. 

3.6 Protocol 
Each session in Study 1 lasted around 60 minutes, with sessions in 
Study 2 lasting between 90 and 120 minutes; including rest breaks. 
The study protocol employed for both studies had received IRB 
approval and was broken down into the following stages: 

Pre-test. Informed consent and demographic information, includ-
ing participants’ prior experience, were collected before each study 
session. Upon arrival, participants were briefed about the purpose 
and test protocol of the study. Visual acuity and colour blindness 
were then assessed using a Snellen chart and the Ishihara test. Fol-
lowing this, participants were seated at a desk and instructed to 
comfortably adjust and wear the HWD. 

Training. After the experimenter explained the technique being 
tested, participants engaged in a training phase where they were 
given time to practice and ask questions. The training phase simu-
lated the main experimental task but involved only three selections, 
and used a different set of symbols to avoid artificial learning effects. 
Before the first training session, each participant completed eye 
calibration to optimise the performance of HoloLens 2. Calibration 
was repeated as necessary. 

Test. After attaining verbal confirmation that participants clearly 
understood the technique and were comfortable with the interac-
tion space, they were presented with the main experimental task 
(see Figure 2). In Study 1, participants completed 9 selections with 
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each technique (see Figure 1), which produced 1,152 trials (32 partic-
ipants x 9 selections x 4 techniques = 1,152). In Study 2, participants 
completed 9 selections using each technique at 3 distances (1m, 
2.5m, 5m). This produced 3,456 trials (32 participants x 9 selections 
x 3 distances x 4 techniques). After each condition, participants 
completed a NASA-TLX questionnaire and noted what they liked 
and disliked about the technique. They would then have a short 
break before beginning the next condition. 

Study 1 followed a within-subjects design, where technique 
(counterbalanced using a latin square) was defined as the inde-
pendent variable, and selection time, error rate, task load, and pref-
erence were captured as dependent variables. Study 2 followed a 
within-subjects, mixed-factorial design, where technique and dis-
tance were defined as independent variables. Dependent variables 
were identical to those captured in Study 1. 

Post-test. Following the completion of all four conditions, in 
both studies, a semi-structured interview was conducted to gather 
subjective feedback and overall preference rankings. This was to 
better understand interaction approaches and contextualise what 
participants liked and disliked about each technique. 

3.7 Metrics 
The following metrics were captured for each technique, capturing 
factors relating to effectiveness, efficiency and satisfaction [51]: 

Task Completion Times. Represent the duration in ms from when 
each trial began (following the “observe” stage as defined in section 
3.5) to when the correct object was selected. 

Error Rate. Defines the number of trials where an incorrect se-
lection was made before the correct selection. 

Task Load. Measured via the official iOS NASA-TLX (Task Load 
Index) application, where raw scores were analysed for individual 
subscales as well as weighted scores for overall task load [22]. 

Preference Rankings. Based on ordinal data, where participants 
rated interaction techniques from best to worst. 

4 Study 1: Results 
This section presents the results from Study 1, where interaction 
techniques (Press, Hover, Head, Eye) are compared for making selec-
tions in the Intimate proxemic zone (<0.5m). As all data followed a 
non-normal distribution, Aligned Rank Transform (ART) repeated-
measures ANOVAs [65] were applied (participant random intercept; 
Kenward-Roger dfs) with Bonferroni correction, reporting partial 
𝜂 2 effect sizes. 

4.1 Selection Time 
Selection times were based on individual trials as defined in Section 
3.7. Trials were removed where participants made an incorrect 
selection (n = 8, 0.69%). Outliers were also omitted (n = 16, 1.39%), 
which were defined as any attempts above three standard deviations 
from mean selection times (mean ± 3std.). 

When analysing the resulting 1,128 trials, a significant main 
effect was found between technique and selection time (𝐹3,93 = 
33.669, 𝑝 < .001, 𝜂 2 

𝑝 = .521). Press was faster than all techniques 
(𝑝 < .001), with Hover having the worst performance (𝑝 < .001). No 

significant differences were found between Head and Eye. Figure 3 
presents an overview of selection times for each technique. 

Figure 3: Boxplot showing distribution of selection times 
with significant differences for Press, Hover, Head and Eye 
in the intimate proxemic zone. Mean times are indicated by 
‘X’. Outliers were not included. 

4.2 Error 
Error rate was calculated based on the number of trials where an 
incorrect selection was triggered before a correct selection (N = 8). 
Hover produced the most errors within the intimate proxemic zone 
(N = 5), however no significant effects were found. Press, Head and 
Eye produced one error each. 

4.3 Task Load 
Eye was found to require the least task load (M = 25.57, SD = 16.34), 
followed by Head (M = 29.56, SD = 18.62), Press (M = 30.73, SD = 
18.58) and Hover (M = 30.78, SD = 18.82). No significant main effects 
were found between techniques, however, ART ANOVA tests re-
vealed differences for the Physical (𝐹3,93 = 5.57, 𝑝 < .01, 𝜂 2 

𝑝 = .152), 
and Effort (𝐹3,93 = 4.76, 𝑝 < .01, 𝜂 2 

𝑝 = .133) subscales. Post-hoc pair-
wise comparisons suggest that Eye is less Physically Demanding 
than Press (𝑝 < .01) and Hover (𝑝 < .05). Eye also required less 
Effort than all other techniques explored (𝑝 < .05). A breakdown 
of NASA-TLX results is provided in Figure 5. 

4.4 Preference 
After completing all selection trials, participants ranked techniques 
in order of preference. Eye was ranked first most frequently (43.75%), 
followed by Head (28.13%), Press (21.88%) and Hover (6.25%). 

When considering open subjective responses, Eye was often 
deemed as easy/intuitive (n = 14) - P1:“It seemed really intuitive”, 
P11:“Eye just felt very easy”, comfortable/requiring minimal fatigue 
(n = 7) - P27:“Eye gaze required little effort”, and/or efficient (n = 6) -
P15:“It’s the most efficient, so I’d choose eye”. In contrast, although 
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Figure 4: Boxplots showing distribution of selection times with significant differences for Airtap, Hover, Head and Eye in the 
Personal (a), Social (b) and Public (c) proxemic zones. Mean times are indicated by ‘X’. Outliers were not included. 

Figure 5: NASA-TLX subscale scores from Study 1 for Press, 
Hover, Head and Eye within the intimate proxemic zone. 
Mean scores are indicated by ‘X’. 

regarded as straightforward to employ (n = 16) - “Really easy, I 
could just point and select”, P13:“You just move your head and it 
identifies quickly”, Head was noted to be more physical/fatiguing 
(n = 12) - P19:“Head adds physical demand”. 

Press interaction was viewed as natural/familiar (n = 11) - P2:“Press 
is more natural, like clicking a real button”, however, the fatigue 
experienced caused an issue for some users (n = 8) - P24:“I kept 
pushing and it got tiring”, whereas Hover was most often regarded 
as difficult to employ (n = 14) - P15:“The major challenge with hover 
is that it’s hard work using the cursor”. 

5 Study 2: Results 
This section presents the results from Study 2, where each interac-
tion technique (Airtap, Hover, Head, Eye) is compared for perform-
ing selections across Personal, Social and Public proxemic zones. 
As all data again followed a non-normal distribution, Aligned Rank 

Transform (ART) repeated-measures ANOVAs [65] were applied 
(participant random intercept; Kenward–Roger dfs) with Bonferroni 
correction, reporting partial 𝜂 2 effect sizes. 

5.1 Selection Time 
After removing incorrect selections (n = 54, 1.56%) and outliers (n 
= 56, 1.62%), selection times were evaluated for 3346 trials. 

Significant interaction effects were found between technique and 
distance (𝐹6,341 = 37.927, 𝑝 < .001, 𝜂 2 

𝑝 = .400). Post-hoc analysis 
revealed that, for selections within the Personal proxemic zone, 
Head and Eye outperformed Hover and Airtap (𝑝 < .001). Hover 
also surpassed Airtap (𝑝 < .001). 

At the Social distance, Head outperformed all techniques (𝑝 < 
.001). Eye and Hover were also significantly faster than Airtap 
(𝑝 < .001). Within the Public proxemic zone, Head again exceeded 
the other techniques (𝑝 < .001), with Hover providing faster perfor-
mance than Airtap and Eye (𝑝 < .001). Selection times are presented 
based on proxemic zone in Figure 4. 

5.2 Error 
Overall, 54 trials resulted in errors (where an incorrect selection 
was triggered before the correct selection). Statistically significant 
interaction effects were found between Interaction Technique and 
Distance (𝐹6,341 = 36.387, 𝑝 < .001, 𝜂 2 

𝑝 = .369), with post-hoc 
analysis revealing that Eye performed significantly worse at the 
Public distance (n = 33) than every other technique at all distances 
(𝑝 < .001). Although Hover produced the most errors in the Per-
sonal proxemic zone (n = 5), no other significant differences were 
found. All other technique/distance comparisons resulted in mini-
mal errors (between 0 and 3). 

5.3 Task Load 
Head required the least taskload (M = 35.12, SD = 19.93), followed 
by Hover (M = 38.97, SD = 18.83), Eye (M = 50.00, SD = 23.07) 
and Airtap (M = 57.05, SD = 16.03). ART ANOVA tests revealed 
a significant difference between techniques (𝐹3,93 = 16.711, 𝑝 < 
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.001, 𝜂 2 
𝑝 = .350), with post-hoc pairwise comparisons suggesting 

that users experienced less overall task load with Head than with 
Eye (𝑝 < .001) and Airtap (𝑝 < .001). Hover was found to require 
significantly less task load than Airtap (𝑝 < .001) and Eye (𝑝 < .05). 

Significant differences were also found for the Physical (𝐹3,93 = 
9.125, 𝑝 < .001, 𝜂 2 

𝑝 = .227), Performance (𝐹3,93 = 11.743, 𝑝 < 

.001, 𝜂 2 
𝑝 = .275), Effort (𝐹3,93 = 13.711, 𝑝 < .001, 𝜂 2 

𝑝 = .307) and 

Frustration (𝐹3,93 = 21.519, 𝑝 < .001, 𝜂 2 
𝑝 = .410) subscales. Head 

and Eye techniques were considered less Physically Demanding 
than Airtap (𝑝 < .001), while Head and Hover received lower scores 
for Frustration than Airtap and Eye (𝑝 < .001). Head was also con-
sidered to require less Effort than Eye and Airtap (𝑝 < .001), with 
Hover receiving lower Effort scores than Airtap (𝑝 < .01). Head 
scored significantly better than Eye and Airtap in terms of Per-
formance (𝑝 < .001), with Hover being deemed to have better 
Performance than Airtap (𝑝 < .01) and Eye (𝑝 < .05). A breakdown 
of NASA-TLX results for each technique is provided in Figure 6. 

Figure 6: NASA-TLX subscale scores from Study 2 for Airtap, 
Hover, Head and Eye across Personal, Social and Public prox-
emic zones. Mean scores are indicated by ‘X’. 

5.4 Preference 
After completing all trials, users ranked the interaction techniques 
in order of preference. As distances were counterbalanced, partici-
pants were asked to provide rankings for objects that were closest 
to them (Personal) and for objects that were farthest away (Public). 
Within the Personal zone, Eye was ranked first most often (50%), fol-
lowed by Head (31.25%), Hover (15.63%) and Airtap (3.13%). When 
objects were in the Public zone, most participants preferred Head 
(65.63%), followed by Hover (21.88%), Eye (9.38%) and Airtap (3.13%). 

Participants tended to refer to Eye as being quick/easy (n = 12) 
and accurate (n = 5) when objects were closer - P11: “It was fast and 
spot-on”, P30:“There’s very little physical interaction”. Conversely, 
the technique was often considered difficult to employ (n = 9) or 
the least accurate (n = 8) when objects were placed farther away -
P10:“It goes from working to just not working, it falls off a cliff”, 
P21:“It didn’t seem like it knew what I was looking at”. Head, on 
the other hand, was reported to be quick/easy (n = 8) and accurate 
(n = 9) even when selecting objects in the Public zone - P13:“It’s 

consistent, didn’t let me down even with smaller targets”, P14:“With 
head (compared to eye) I had a pointer, so I know where I’m aiming”. 

Hover was deemed more accurate/easier to control than Airtap 
(n = 8) - P2:“Way quicker than the tap, which seems unnecessary”. 
Many found that Airtap required unnecessary effort for close ob-
jects (n = 7) as well as those far away (n = 8), with the technique 
considered to be awkward/frustrating (n = 6) - P16:“Like why is 
this (performs gesture) so complicated?”, P19:“I had a lot of trouble 
with that pinch”. Unlike other techniques, Head was not ranked 
last by any participants, highlighting its consistency and reliability 
- P25:“Head gaze obviously was better”, P26:“Head will be winner”. 

6 Discussion 
How we interpret depth and engage with virtual content placed 
throughout the real world is a key consideration in XR environ-
ments, previous research highlighting the influence of distance 
on interaction suitability [24, 63]. Our results have also demon-
strated that distance significantly influences the performance and 
usability of XR interaction, highlighting the potential of designing 
techniques that adapt based on proxemic dimensions. 

6.1 Preference does not Always Align with 
Performance 

While Press yielded the best performance in Study 1, likely due 
to the control afforded by direct selection and lack of time-based 
constraints [33, 42], it was not the most preferred. 

Direct freehand input like Press is effective when objects are 
within reach [47]. However, eye gaze is often more suitable for 
initial target identification, as our gaze naturally aligns with in-
tent to interact [33, 44]. This meant Eye was preferred, requiring 
significantly less Physical Demand and Effort. 

Head and Eye naturally support search tasks and require less 
physical strain than freehand inputs [24]. Although prior work 
suggests that task load could have been reduced if content was 
positioned relative to nearby surfaces, such as the desk [8], in the 
low-effort “Observe and Interact” scenario explored, users favoured 
Eye for its comfort, even at the cost of lower performance. 

Head was rated as requiring more effort than Eye when objects 
were closer, likely due to the need for larger head movements to 
position the cursor [5], whereas Eye allowed for minimal motion 
if the content was already in view. Overall, this highlights the 
importance of interaction context and user experience over raw 
performance in XR interface design. 

6.2 Head Gaze is the Most Reliable Technique 
Head consistently provided faster selection times than Airtap and 
Hover, showing reliability across all distances in line with prior 
work [48]. High speed is attributed to combining visual search 
and selection into a single action, unlike Airtap and Hover, which 
require separate visual and manual inputs. 

Unlike Head, the performance of Eye declined with distance 
due to smaller visual angles [39], lack of a visible cursor [60], and 
system tracking limitations [24]. Participants often compensated 
physically (e.g., leaning or squinting) and found Eye less usable in 
the Public zone, where Hover surpassed its performance. While 
Eye was preferred in Intimate and Personal zones, and Head in the 
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Figure 7: Appropriateness of interaction techniques in different proxemic zones: These are Press, Eye, Head or Hover depending 
on the distance. 

Public zone [59, 63], Eye’s higher error rate and lack of feedback 
reduced user confidence. Improved system feedback could therefore 
enhance Eye’s usability and alignment with user expectations [60]. 

Airtap, though the baseline technique, suffered from poor flexi-
bility and gesture recognition. Users adapted their gestures for com-
fort, but input often failed or moved the cursor off target [29, 45]. 
These issues, tied to system limitations, might be addressed through 
trajectory-based input [46] and increased interaction zones [66]. 

6.3 Hover Provided better Usability than Airtap 
Hover outperformed Airtap in performance and preference at all 
distances explored in Study 2, with task load comparable to Head; 
the highest-ranked technique. This suggests that separating point-
ing and selection in freehand interaction (e.g. pairing pointing with 
blink, speech, or a button press) can reduce cognitive load and 
improve usability [29, 31, 63]. 

Although Airtap may reduce accidental selections [4], its added 
complexity and steeper learning curve [45, 48] led to higher frus-
tration. Even among experienced XR users, Hover was generally 
preferred over Airtap for its simplicity and lower task demand, 
reinforcing the benefits of simplifying or modularising interaction 
mechanisms for selection tasks [42]. 

6.4 Distance could be Referenced for Adapting 
XR Techniques 

Results highlight that distance and angular size are critical in de-
termining the suitability of XR selection techniques [21, 63]. Press 
worked best for close (Intimate) interactions, reflecting familiar 
physical behaviours [46], while Airtap was least effective across all 
distances, requiring more effort and feeling less intuitive [45, 47, 48]. 

For the task explored, Head or Eye were consistently preferred 
over freehand methods. Eye was preferred at close range, while 
Head was more effective at mid-to-far distances, with a switching 
threshold near the Personal-Social boundary (1.4m), aligning with 
HoloLens 2’s recommendation for a 2° minimum target size [39]. 

Rather than using one technique across all zones [8], results 
suggest that dynamically switching inputs based on user-object 
distance can improve usability and flow. This is especially useful 
for continuous, multi-purpose XR environments [16], which call for 
adaptive, context-aware interactions [30]. Figure 7 outlines these 
recommendations, emphasising the importance of spatial context 
in XR interaction design. 

7 Limitations and Future work 
While the studies provide a useful foundation for distance-based 
adaptive XR interactions, their scope is limited by the technologies, 
tasks, and user group examined. Focus is also given to performance 
outcomes, giving less attention to critical experiential factors such 
as presence, immersion, naturalness, and engagement [1, 11], which 
limits broader insights into user experience. 

Future research should consider defining distance thresholds that 
are responsive to diverse user needs and usage contexts, especially 
as traditional proxemic theories may not translate directly into XR 
environments [20]. There is a need to explore how proxemic adap-
tation can be combined with approaches like AI-driven interaction 
prediction [9, 30] or intent-based selection [44]. It is also essential 
that systems communicate these adaptations clearly to users, par-
ticularly during input transitions, to prevent cognitive overload 
[60]. Designing intuitive and responsive feedback mechanisms will 
be crucial to ensure user trust and smooth interactions. 

While this work has focused on unimodal input methods typi-
cal of current commercial XR systems, incorporating multimodal 
approaches—such as combining gaze, gesture, and voice—could 
significantly enhance interaction efficiency and usability [24, 31]. 
Since selection also often precedes more complex actions like ob-
ject manipulation [64], our findings may help guide the design of a 
range of distance-sensitive, multimodal interaction techniques. 

Furthermore, given that studies were conducted in seated condi-
tions, future work should explore how distance impacts interaction 
when users are standing or walking [25, 70]. Expanding the in-
vestigation of proxemic dimensions, to consider factors such as 
orientation, movement, identity, and location, could unlock more 
adaptive and personalised XR experiences [2, 15]. 

Safe and Responsible Innovation Statement. We underscore 
the importance of ethically managing the complexities of captur-
ing, interpreting, and adapting XR experiences based on human, 
environmental and system factors [16]. Recognising the challenges 
of accurately defining context, e.g. through identity descriptors and 
spatial/semantic understanding of dynamic spaces [9, 30, 54, 69], 
this work promotes transparent, secure, and user-centric data prac-
tices [67]. Guided by privacy and security [34, 53, 68], we advocate 
adaptive interactions that balance system responsiveness with user 
autonomy, contributing responsibly to the advancement of more 
intelligent XR technologies. 
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8 Conclusion 
This paper has highlighted distance to be a key contextual cue in 
XR interaction, and demonstrated the value of using proxemic di-
mensions to inform adaptive interaction design. Findings from two 
studies show that interaction performance varies by proxemic zone. 
Head was found to be the most reliable technique overall, with Eye 
performing well and being most preferred when content is closer to 
the user. While Press worked best in terms of performance at arm’s 
reach, it was found tiring, and Airtap proved least practical at all 
distances considered. These results support the need for spatially 
adaptive, context-aware systems, offering actionable insights into 
distance-based selection techniques. Findings suggest that harness-
ing proxemic factors could offer a way to adapt to individual users, 
their preferences and a range of dynamic environments, providing 
a potential route towards personalised, AI-driven XR experiences. 
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