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Abstract

While Augmented Reality (AR) places a product visually and spatially inside the con-
sumer’s own environment, it cannot deliver touch. The more faithfully AR renders
an object, the more conspicuous its missing tactile channel becomes. We term this the
reality—virtuality paradox, and it sits outside the prevailing account in interactive market-
ing, which has largely equated richer immersion with more favorable consumer response.
In this study, we develop and test a chain mediation model explaining how AR, relative to
2D, 3D, or VR interfaces, elicits compensatory behaviors sequentially through perceived
haptic gap and haptic craving. Study 1 (N = 80, AR vs. 2D), together with a same-device
replication (Study 1b, N = 60), confirms the main effect of AR on compensatory behaviors.
Study 2 (N = 228, AR vs. 3D) documents the chain mediation and the moderating effect of
need for touch (NFT). Study 3 (N = 160, AR vs. VR x low vs. high haptic accessibility)
establishes the moderating effect of haptic accessibility and extends the effect to a cross-
context tactile-relevant choice. AR elicits stronger compensatory behaviors than 2D, 3D,
and VR; the effect is sequentially mediated by perceived haptic gap and haptic craving;
and it is stronger for high-NFT consumers and under low-haptic-accessibility conditions.
We identify a perceptual cost that rises with visual fidelity, extend compensatory consump-
tion from resource scarcity to sensory scarcity, and specify the individual and situational
conditions under which the paradox binds most tightly.

Keywords: augmented reality; reality—virtuality paradox; perceived haptic gap; haptic
craving; compensatory consumption; need for touch; interactive marketing; AR marketing

1. Introduction

The global Augmented Reality (AR) market reached USD 140 billion in 2025 [1], with
major applications in furniture, cosmetics, automotive showrooms, and location-based
games [2—-4]. The next phase is already in motion: Apple’s Vision Pro, Meta’s Ray-Ban
smart glasses, and a broader spatial-computing stack are driving immersive AR interfaces
as the default channels for consumer interaction [5]. Unlike Virtual Reality (VR), which
simulates physical surroundings in a digital environment, AR overlays digital information
directly onto a live physical view and allows consumers to interact with both the physical
and digital components simultaneously [6]. AR interfaces elevate vividness and perceived
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diagnosticity, leading to lower mental imagery load [7], higher perceived value [8], and
higher purchase intention compared with two-dimensional interfaces [9-13].

However, the interaction between visual richness and the absence of sensory input
is becoming increasingly important in AR interfaces [14-16]. Although the AR interface’s
visual and spatial channels can signal when a product is within reach, the system cannot
deliver tactile feedback. While conventional e-commerce shoppers are not expecting to
touch or rely on textual proxies [17], AR shoppers may experience escalated levels of
cross-sensory conflict. The fidelity of AR’s visual rendering raises the expectation of touch
to a higher level where its absence becomes critical for decision-making. Physical touch and
even vicarious observations of touch shape psychological ownership, purchase confidence,
and willingness to pay during shopping [18-21]. The enhanced visual realism and sense of
spatial presence reflect that the digital components in AR remain intangible. Such a lack of
physical touch creates a reality—virtuality paradox for AR.

This paradox matters precisely because AR is not a frictionless technology. Commer-
cial AR deployment carries substantial costs and constraints: bespoke three-dimensional
assets are expensive to model and maintain; integration with existing catalogue and com-
merce systems is technically demanding; and rendering quality remains uneven across the
installed base of consumer devices. Adoption is further constrained on the demand side:
camera access and spatial scanning raise privacy concerns that make a portion of shoppers
unwilling to grant permissions; engagement with AR campaigns often decays once novelty
fades; returns on investment are difficult to attribute; and using heightened perceptual
realism to shape judgement raises its own ethical questions [15,22]. These frictions make it
more, not less, important to understand what AR actually does for consumers once it is
deployed, including effects that run counter to the benefits that it is meant to provide.

In this study, our aim is to examine the unique sense of missed touch in AR (a
perceived gap between what users can see and what they can physically feel) that differs
from the traditional sensory interactions in 2D, 3D, or VR online shopping experiences. To
address this question, we draw on construal-level theory [23], embodied cognition [24],
expectation disconfirmation theory [25], and compensatory consumption research [26] to
build a theoretical framework. We argue that, compared with 2D, 3D, or VR interfaces,
AR creates a perceived haptic gap (PHG) that intensifies haptic craving (HC), which in turn
motivates compensatory behaviors and information reliance.

Accordingly, our research addresses two questions: First, does AR, relative to less
immersive or differently immersive interfaces, elicit stronger compensatory behaviors, and
through what psychological mechanism? Second, for whom and under what situational
conditions is that effect strongest? We pursue three objectives: to articulate and test the
reality—virtuality paradox as a property of high-fidelity visual interfaces; to identify the
sequential mechanism through which the paradox translates into behavior; and to establish
its individual and situational boundary conditions.

The study makes three contributions: First, it identifies a perceptual cost that rises
with visual fidelity, qualifying the prevailing assumption in interactive marketing that
richer sensory simulation yields uniformly more favorable consumer responses. Second, it
extends compensatory consumption research beyond resource scarcity to sensory scarcity,
showing that an unmet perceptual expectation, rather than a threatened self-resource, is
sufficient to motivate compensatory behavior, and that the compensation is enacted through
adaptive information-seeking rather than intra-domain substitution. Third, it specifies
when the paradox binds most tightly, identifying the need for touch as an individual-level
boundary and situational haptic accessibility as a contextual one, and demonstrating that
the resulting compensatory state transfers to an unrelated tactile-relevant choice.
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2. Theoretical Background and Hypotheses
2.1. The Reality—Virtuality Paradox: AR Interfaces and Compensatory Behaviors

AR interfaces differ from 2D, 3D, and fully immersive VR in the spatial relationship
between the rendered object and consumers’ physical surroundings [2,6]. While 2D images
and interactive 3D models live on screen as objects in a symbolic frame and VR draws
users into a self-contained synthetic world [9,27], AR superimposes virtual content onto
users’ actual space, producing a hybrid in which the virtual and the physical coexist side
by side [2,11]. This co-location creates a distinctive mixed reality (MR).

Mixed reality blends virtual and physical content into one space in which users
manipulate digital objects alongside physical ones with reciprocal spatial affordances [5].
Visual rendering reaches consumers’ actual space and signals proximity without giving the
tactile system anything to act on. When using 2D, 3D, or VR interfaces, consumers tend
to relax their haptic expectations due to a lack of physical-world interaction [9], whereas,
in MR, co-located physical surrogates supply some of the tactile feedback that the digital
objects lack. Thus, visual realism and tactile absence collide directly in AR interfaces.

According to construal-level theory [23], psychological distance determines whether
an object is construed abstractly or concretely. The more proximate the object is, the
more concretely it is represented, and the more likely that its material and action-relevant
attributes become the focus. Because AR places virtual products at a reduced psychological
distance by making them appear in mixed reality, it produces a more concrete product
representation and activates attention to attributes normally reserved for real-world objects,
such as weight and texture. Thus, virtual products in AR tend to trigger “action-preparation
circuitry”, which is the mental process of preparing for execution [24,28,29]. When a
rendered product appears to be within reach, a desire to interact with it can be expected
in AR.

Nonetheless, AR interfaces cannot deliver tactile feedback. In 2D, 3D, or immersive
VR environments, consumers tend to relax their haptic expectations, knowing they are
in a fully virtual platform [9]. In comparison, the desire to interact and the absence
of touch in AR create the reality—virtuality paradox, resulting in psychological deficits.
These psychological deficits motivate goal-oriented responses aimed at restoring what is
missing [26,30,31]. Consequently, AR’s activated and unfulfilled haptic expectation tends
to motivate compensatory behaviors.

H1. Interaction with a product via an AR interface elicits stronger compensatory behaviors than
interaction via a 2D, 3D, or VR interface.

2.2. Perceived Haptic Gap and Haptic Craving as Psychological Mechanisms

Perceived haptic gap: Building on the finding of Citrin, Stem, Spangenberg, and Clark [17]
that shoppers experience a subjective sense of deprivation when they cannot physically
touch products, we define perceived haptic gap as consumers’ awareness that a visually
presented product cannot be touched in AR. Consumers encounter rich visual cues in AR
that make them feel that the product is within reach, while online shoppers know not
to rely on textual proxies [32]. The visual rendering creates a touch expectation that the
tactile channel cannot fulfill, producing cognitive dissonance between the two sensory
modalities [33]. Thus, the perceived haptic gap reflects expectation disconfirmation [25].

Haptic craving: Because the perceived haptic gap is a cognitive appraisal, we further
define haptic craving as the desire to reduce the perceived haptic gap through tactile contact
or tactile-relevant information-seeking. Previous research has shown that unmet touch ex-
pectations can influence psychological ownership, purchase confidence, and willingness to
pay [21,34,35]. When physical touch is unattainable, consumers tend to engage in compen-
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satory psychological simulation and imagine the tactile experience as a vicarious substitute
for direct contact [19,36,37]. Consistent with this, supplying even partial haptic input in a
digital retail setting strengthens the link between immersion and purchase intention [38],
and multisensory affordances have been shown to offset the psychological shortfalls that
otherwise attend purely virtual offerings [39]. Both findings imply that this shortfall is real
and that consumers act to close it.

Krishna [18] argued that consumers continuously compare information across their
sensory channels, and when one sensory channel creates expectations that another channel
cannot satisfy, the mismatches can shape judgments, choices, and substitution decisions.
Regarding multisensory online experiences, Petit, Velasco, and Spence [40] showed that
visual cues prime expectations across modalities even in the absence of the corresponding
physical cue. In view of the reality—virtuality paradox, AR’s visual channel over-delivers
on high spatial fidelity and high realism while its tactile channel is unable to provide
corresponding feedback, and the resulting mismatch via the perceived haptic gap and
haptic craving leads to compensatory behaviors. Sequentially, AR activates the perceived
haptic gap, which is the cognitive appraisal that elicits haptic craving; in turn, haptic
craving motivates compensatory behaviors.

H2. The effect of AR (vs. 2D, 3D, or VR) on compensatory behaviors is sequentially mediated by
the perceived haptic gap and haptic craving.

2.3. Individual-Level Boundary: Need for Touch

According to Peck and Childers [20], consumers differ in their perceived importance
of tactile information. Consumers with a high need for touch (NFT) prefer to acquire
product information through the haptic channel, while consumers with a low NFT do not
habitually touch products before purchase. NFT influences buying behaviors, including
product evaluation, purchase confidence, and impulse response [41,42].

Joy and Sherry [43] found that, during multisensory encounters, high-tactility con-
sumers respond to haptic deprivation with extended information-seeking relative to low-
tactility consumers. The reality—virtuality paradox may have a greater impact on high-NFT
consumers whose information processing relies on tactile attributes. When AR presents
a product with spatial fidelity, high-NFT consumers are more likely to raise touch expec-
tations, widening the gap between visual invitation and tactile denial. Because tactile
information is critical in their evaluation process, the absence of touch triggers stronger
compensatory responses. We therefore propose a moderated chain mediation effect of NFT:
for consumers with higher NFT, an AR shopping experience should yield a larger perceived
haptic gap, a stronger haptic craving, and a stronger compensatory response in sequence
than for consumers with lower NFT.

H3. Need for touch positively moderates the chain-mediating path, such that the indirect effect of
AR (vs. 2D, 3D, or VR) on compensatory behaviors, via the perceived haptic gap and haptic craving,
is stronger for consumers with a higher (vs. lower) need for touch.

2.4. Situational Boundary: Haptic Accessibility

We further identify a situational condition for the effects on compensatory behaviors.
Haptic accessibility is defined as the degree to which consumers are permitted to perform
touch-related movements (such as reaching, stroking, and grasping) on the channel inter-
face. Psychological reactance theory holds that discouraged behaviors can intensify the
motivation to perform them [44,45]. When a desired action is blocked, the resulting tension
can increase the motivation to perform that action [46,47]. Under low haptic accessibility,
touch-related actions are discouraged or physically constrained, intensifying AR-activated
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haptic craving, while under high haptic accessibility, touch-related actions are permitted
even without tactile contact, attenuating compensatory responses.

Although neither is equipped with real haptic feedback, AR’s visual-spatial co-location
with real objects makes it more desirable for potential haptic actions than VR’s fully
synthetic space. This asymmetry is consistent with recent evidence that AR and VR operate
through distinct forms of presence (local presence for AR, telepresence for VR) and therefore
shape beliefs and behavioral intentions through different routes rather than differing only
in degree of immersion [48]. When haptic accessibility is low, AR is more likely to induce
compensatory behaviors, such as information-seeking from product reviews describing
texture and feel, as a substitute for the blocked tactile input [49]. We therefore propose a
moderated chain mediation effect of haptic accessibility.

H4. Haptic accessibility negatively moderates the chain-mediating path, such that the indirect effect
of AR (vs. 2D, 3D, or VR) on compensatory behaviors, via the perceived haptic gap and haptic
craving, is stronger under lower (vs. higher) haptic accessibility.

2.5. Positioning Relative to Prior Work

Because our claim runs against the prevailing direction of the literature, it is worth
stating precisely what is established and what is not. Four streams are relevant to the
present study.

AR interfaces and consumer response: A now-substantial body of work establishes that
AR improves consumer outcomes relative to conventional online interfaces. AR raises
interactivity and vividness [4], affords simulated physical control and decision comfort [11],
reduces the imagery load required to evaluate a product [7,10], and improves user expe-
rience and willingness to buy [12]; conceptual work has mapped the AR-VR-MR space
and the engagement it supports [3,9]. A recent meta-analysis of AR and VR in marketing
confirms an overall positive pattern, while noting that the comparative effects of the two
technologies, their potential negative impacts, and the mechanisms that produce them
remain unresolved [50]. What this stream has not examined is whether the same fidelity
that produces these benefits also produces a cost. Its mechanisms (vividness, diagnosticity,
imagery, presence) are all mechanisms of sensory sufficiency; none of them can represent a
sensory channel that the interface raises expectations for and then fails to supply.

Sensory marketing and touch: Touch research establishes that haptic input carries di-
agnostic value that vision cannot substitute for, that individuals differ systematically in
how much they need it [20,41], and that its absence in online retail depresses confidence
and purchase intention [17,32]. This stream, however, treats the absence of touch as a static
property of the online channel and does not consider that an interface might vary in how
strongly it invites the touch it cannot deliver, which is exactly what distinguishes AR from
a photograph.

Compensatory consumption: Work in this tradition shows that a threatened or de-
pleted resource (status, control, belonging, self-concept) motivates compensatory acqui-
sition [26,30,31,51,52]. The triggering deficit in this literature is psychological or material.
Whether a purely perceptual deficit is sufficient to set the same machinery in motion has not
yet been tested.

New media and spatial computing in interactive marketing: Recent work has begun to
examine immersive and spatial interfaces as interactive marketing environments in their
own right [6,16,36,53], including how the need for touch shapes movement between online
and offline channels [54]. Hsieh and Kumar [54] establish that consumers high in need for
touch are more likely to research online and then buy offline. Our contribution involves
identifying why an AR interface should intensify that pathway through the perceived haptic
gap it uniquely creates, rather than merely documenting that it does.
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Table 1 positions the present study against this work. The final row states our marginal
contribution: while prior studies attribute AR’s effects to mechanisms of sensory enrich-
ment and assign the technology a uniformly positive valence, we identify a perceptual cost
that rises with visual fidelity and show that it produces compensatory behavior rather than

only more favorable evaluation.

Table 1. Positioning of the present study relative to prior work.

Representative Work Interface Contrast Proposed Mechanism  Focal Outcome AR Valence
Yim et al. [4] AR vs. web Interactivity, vividness .Att1tu.d ¢, purchase Positive
intention
. Simulated physical . . .

Hilken et al. [11] AR vs. web L. Patronage intention Positive
control, decision comfort

Heller et al. [7,10] ARvs. 2D Reduced mental Decision comfort, Positive
imagery load purchase intention

Poushneh and AR vs. non-AR Us?r experience, Willingness to buy Positive

Vasquez-Parraga [12] satisfaction

Rauschnabel et al. [3] AR (conceptual) Augmentation quality, Brand outcomes Positive
engagement

Barari et al. [50] AR vs. VR . Presence, immersion, Attitudes, intentions Positive overall

(meta-analysis) engagement

Zhou et al. [53]
Citrin et al. [17]
Peck and Childers [20]

Hsieh and Kumar [54]

Visual attention, mental

VR advertising . Brand personality Positive
imagery
Online vs. offline Absent tactile input Online purchase n/a (no AR)
reluctance
Physical touch Need for. ts)uch, Confidence, evaluation n/a (no AR)
diagnosticity
Online vs. offline Need for touch, Webrooming intention n/a (no AR)

maximizing mindset

Present study

AR vs. 2D, 3D, and VR

Perceived haptic gap —

haptic craving

Compensatory
behaviors and
information reliance

Benefit and cost coexist

Note. The final row is set in bold to distinguish the present study from the prior work summarised

above it.

Our research model is presented in Figure 1. Four experiments are conducted to test

the four hypotheses, and the research design, sample, and dependent variables for the four

experiments are summarized in Table 2.

AR Interface
* AR
«2D/3D/VR

Need for Touch
(individual)

* high

e low

Perceived
Haptic Gap

Haptic
Craving

Haptic Accessibility

(situational)

 high
e Jow

Figure 1. Research model.

Compensatory Behavior
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Table 2. Overview of experiments.

Study Design

N Setting Media Compared Dependent Variables Hypotheses

1b

Between-subjects, one
factor

Between-subjects, one
factor

Between-subjects, one
factor

2 x 2 between-subjects

Compensatory reward
choice; offline visit
intention; impulse buying
intention

80 Laboratory ARvs. 2D H1

Compensatory reward
choice; offline visit
intention; impulse buying
intention

60 Laboratory, single device ARvs. 2D H1 replication

Compensatory behavioral
intention (plus PHG, HC)
Review helpfulness;

160 Laboratory AR vs. VR purchase intention (plus
PHG, HC)

228 Mobile AR vs. 3D H1 replication, H2, H3

H1 cross-context
extension, H4

Note. PHG = perceived haptic gap; HC = haptic craving.

3. Measurement Validation and Analytical Approach

Before testing the hypotheses, we describe how the model was validated and report
the measurement properties of all multi-item scales. All analyses were conducted in IBM
SPSS Statistics 26, with the confirmatory factor analyses estimated in IBM SPSS Amos 26
(IBM Corp., Armonk, NY, USA).

3.1. Validation Logic

The model is validated at three levels. At the level of design, every study randomly
assigns participants to conditions, each manipulation is verified by a manipulation check,
and the four hypotheses are examined against three different comparison interfaces (2D, 3D,
VR), in two settings (laboratory, mobile), with three stimuli (plush mouse, teddy bear, office
chair), and across four classes of outcome (behavioral choice, behavioral intention, informa-
tion reliance, cross-context purchase intention). Convergence across such heterogeneous
operationalizations, rather than repetition of a single paradigm, is what licenses the general
claim. At the level of measurement, all multi-item scales are subjected to confirmatory factor
analysis (CFA) with tests of convergent and discriminant validity, reported below. At the
level of replication, Study 1b repeats Study 1 with the device held constant (Section 4.4),
and the mediation model is re-estimated under alternative operationalizations of both
mediators (Section 3.4).

3.2. Confirmatory Factor Analysis

We estimated a measurement model for each study containing all multi-item scales
using maximum likelihood. Study 2 comprises four factors across 15 items: perceived
haptic gap (PHG), haptic craving (HC), compensatory behavioral intention (CBI), and
need for touch (NFT). Study 3 comprises five factors across 14 items: PHG, HC, review
helpfulness (RH), haptic accessibility (HA), and chair purchase intention (CPI). Studies 1
and 1b are not included: their outcomes are a binary behavioral choice and a single-item
intention measure, which do not support a latent-variable model. For the single-item offline
visit intention, we follow Bergkvist and Rossiter [55], who show that single-item measures
are not inferior for concrete, singular constructs.

Model fit was evaluated using the comparative fit index (CFI), the Tucker-Lewis index
(TLI), the root mean square error of approximation (RMSEA), and the standardized root
mean square residual (SRMR). As shown in Table 3, both measurement models fit well on
every index, and both fit far better than a single-factor alternative.
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Table 3. Measurement model fit: Studies 2 and 3.

Model x* df x*df CFI TLI RMSEA SRMR
Study 2: four-factor measurement model 14893 84 177 0954 0942 0.058  0.048
Study 2: single-factor alternative 77591 90 8.62 0509 0428 0.183  0.179
Study 3: five-factor measurement model 93.14 67 139 0975 0966 0.050  0.049
Study 3: single-factor alternative 537.67 77 698 0555 0474 0.194 0.131
Note. Conventional thresholds: x%/df < 3, CFI and TLI > 0.90, RMSEA < 0.08, SRMR < 0.08. The
four-factor model outperforms the single-factor alternative in Study 2, Ax?(6) = 626.98, p < 0.001;
the five-factor model outperforms it in Study 3, Ax?(10) = 444.52, p < 0.001.
Table 4 reports standardized loadings, Cronbach’s «, composite reliability (CR), and
average variance extracted (AVE). All loadings are significant. Cronbach’s « and CR exceed
0.70 for every construct in both studies, while AVE exceeds 0.50 for every construct except
NEFT (0.473), a six-item trait scale whose composite reliability is nonetheless satisfactory
(CR = 0.839); for this case, we follow Fornell and Larcker [56], who note that convergent
validity remains adequate where composite reliability is satisfactory even if AVE falls
somewhat below 0.50. Convergent validity is therefore supported for all constructs in both
measurement models.
Table 4. Standardized loadings, reliability, and convergent validity.
Study/Construct Item Loading o CR AVE
Study 2 (N = 228)
Perceived haptic gap PHGI1-PHG3 0.719, 0.708, 0.700 0752 0.752 0.503
Haptic craving HC1-HC4 0.758, 0.762, 0.723, 0.835 0.854 0.854 0.594
Compensatory behavioral intention =~ CBI1-CBI2 0.884, 0.872 0.870 0.871 0.771
Need for touch NFT1-NFT6 0.649, 0.416, 0.752, 0.731, 0.734,0.777  0.833 0.839 0.473
Study 3 (N = 160)
Perceived haptic gap PHG1-PHG3 0.739,0.711, 0.702 0.761 0.761 0.515
Haptic craving HC1-HC4 0.695, 0.705, 0.656, 0.835 0.816 0.815 0.527
Review helpfulness RH1-RH2 0.798, 0.857 0.810 0.813 0.686
Haptic accessibility HA1-HA3 0.862, 0.908, 0.893 0917 0918 0.789
Chair purchase intention CPI1-CPI2 0.962, 0.685 0.795 0.818 0.698

Note. CR = composite reliability; AVE = average variance extracted. Item wordings appear in
Appendices B and C.

Discriminant validity was assessed with both the Fornell-Larcker criterion and the
heterotrait-monotrait (HTMT) ratio, the latter following Henseler, Ringle, and Sarstedt [57],
who show it to be more sensitive than the Fornell-Larcker test. As Table 5 shows, all HTMT
values fall well below the 0.85 criterion, the largest being 0.782 in Study 2 and 0.675 in
Study 3, and the Fornell-Larcker criterion is satisfied throughout Study 3 and for all Study 2
constructs except one: the square root of AVE for haptic craving (0.771) sits marginally
below its correlation with compensatory behavioral intention (0.789). Because this is the
one comparison where the two criteria diverge, we tested it directly with a constrained-
model comparison [58]: merging haptic craving and compensatory behavioral intention
into a single factor degrades fit substantially, with Ax?(3) = 67.24 and p < 0.001 (CFI falls
from 0.954 to 0.908; RMSEA rises from 0.058 to 0.081). The two constructs are therefore
empirically distinguishable, and their high correlation reflects the theorized proximity of
craving to the intention it motivates rather than a failure of discriminant validity.
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Table 5. Discriminant validity: Fornell-Larcker criterion and HTMT ratios.

PHG HC CBI NFT

Study 2: Fornell-Larcker (diagonal = / AVE)

PHG

HC
CBI

NFT
Study 2: HTMT

HC
CBI

NFT

0.709

0374 0.771

0.318 0.789 0.878
0.047 0.030 0.019 0.687

0444 —
0372 0782 —
0.066 0.016 0.017 —

PHG HC RH HA CPI

Study 3: Fornell-Larcker (diagonal = v/ AVE)

PHG

HC
RH
HA
CPI

Study 3: HTMT

HC
RH
HA
CPI

0.718

0.472 0.726

0.204 0.681 0.828

0.184 0.402 0.569 0.888
0.384 0.652 0.485 0.265 0.835

0529 —

0258 0.675 —

0.192 0.38 0.561 —
0.499 0.642 0.486 0255 —

Note. In the Fornell-Larcker panels the bold values on the diagonal are the square roots of AVE,
which the criterion compares against the off-diagonal construct correlations; the HTMT panels report
heterotrait-monotrait ratios, for which no diagonal value is defined. PHG = perceived haptic gap;
HC = haptic craving; CBI = compensatory behavioral intention; NFT = need for touch; RH = review
helpfulness; HA = haptic accessibility; CPI = chair purchase intention.

3.3. Common Method Variance

Because the mediators and outcomes in Studies 2 and 3 are self-reported by the same
participants in a single session, we assessed common method variance in three ways [59].
The first is Harman's single-factor test: an unrotated principal-component analysis of the
15 Study 2 items returns a first factor accounting for 28.18% of variance, with three factors
exceeding an eigenvalue of 1; the corresponding figure for the 14 Study 3 items is 37.11%,
with four factors above an eigenvalue of 1. Both are well below the 50% criterion. Second,
the single-factor CFA reported in Table 3 fits very poorly in both studies, whereas the
hypothesized measurement models fit well. Third, we estimated a common latent factor
model in which an unmeasured method factor loads on all items; the average variance
attributable to that factor is 10.94% in Study 2 and 26.46% in Study 3, in both cases below
the conventional 50% benchmark, and the substantive loadings retain their magnitude.

We further note a structural feature of the design that bounds where the concern
can apply. The independent variable in every study is a randomly assigned experimental
manipulation, not a self-report; the paths from interface condition to the mediators and
to the outcomes therefore cannot arise from a shared measurement method. The concern
applies to the mediator-to-outcome segment, where measures do share source and occasion,
and it is that segment the above tests address. It is nevertheless a residual limitation: a
design that separates the measurement of mediators and outcomes temporally would
provide a stronger test, and we return to this in Section 7.3.
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3.4. Robustness to Measurement Specification

Although every construct meets conventional reliability standards, PHG is measured
with only three items, so we examined whether the chain mediation depends on how the
two mediators are scored. We re-estimated the serial indirect effect under every combination
of alternative operationalizations (PHG as the full three-item composite, as its single
strongest indicator, and as the mean of its two remaining items; HC as its full composite
and as a four-item subset), using 5000 bootstrap resamples in each case. In Study 2, the
chain indirect effect ranges from 0.114 to 0.163 across the six specifications, with all 95%
bias-corrected confidence intervals excluding zero. In Study 3, the corresponding range is
0.116 to 0.166, again with all intervals excluding zero. The mechanism is therefore not an
artifact of a particular scoring decision.

4. Study 1: AR Versus 2D

Study 1 tests the main effect in H1 in a controlled laboratory setting, where AR and
2D are operationalized side by side with the same stimulus and minimal confounds. The
compensatory behaviors in this experiment include a binary reward choice between a
tangible tactile object and its cash equivalent. This behavioral variable is chosen because
it assesses whether AR directs consumers toward tactile substitutes rather than abstract
resources [26].

4.1. Method

We recruited 80 college students on a university campus (43.75% male; 70% aged
18-25 years). Each participant attended the cognitive behavior laboratory individually,
signed informed consent, and was randomly assigned to the AR or the 2D condition,
with 40 participants in each condition. The target product was a plush mouse toy, chosen
because of its tactile attributes: softness, fabric texture, and weight. In the 2D condition,
participants viewed the plush mouse on an iPad through nine rotating photographs. In the
AR condition, participants wore a Meta Quest 3 headset in passthrough mode and viewed
a virtual rendering of the same plush mouse superimposed onto the laboratory space. The
device allows natural head and body movement around the object and provides the spatial
co-location that forms AR for the object [2].

After viewing, participants completed three behavioral outcome measures: a binary
compensatory reward choice between a CNY 15 cash payment and a plush panda toy of
equivalent value [26]; a single-item offline visit intention adapted from Baker, Parasuraman,
Grewal, and Voss [60] asking how willing they would be to visit an adjacent mall that
stocked the same toy; and a three-item impulse buying scale (¢ = 0.87) from Rook [61] and
Beatty and Ferrell [62]. Full recruitment screening, device calibration protocol, stimulus
photographs, complete scale items, and supplementary analyses appear in Appendix A.

4.2. Results

Manipulation check: We used a procedural manipulation check for the viewing de-
vice. Each participant’s assigned device and compliance with the viewing protocol were
recorded. All 80 participants completed the assigned condition correctly, with no cross-
condition spillover.

Compensatory reward choice: Consistent with H1, AR participants were more likely than
2D participants to select the tactile plush reward over cash, with x*>(1, N = 80) = 4.78,
p = 0.029, and Cramer’s V = 0.24. The choice distribution was asymmetric: 32.5% of
AR participants selected the plush panda, compared with 10.0% of 2D participants. The
likelihood of choosing the tactile reward was more than four times greater in the AR
condition (OR = 4.33, 95% CI [1.27,14.78]).
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Offline visit intention: AR participants reported a greater willingness to visit the mall to
look over the same toy in person, with #(78) = 2.17, p = 0.033, Cohen’s d = 0.49, mean
difference = 0.70, and 95% CI [0.06,1.34]. The results show a compensation effect for
AR over 2D: the use of AR increases consumers’ behavioral intention to continue haptic
information processing that AR itself cannot provide.

Impulse buying intention: AR participants showed marginally higher impulse buying
intention (M = 4.19, SD = 1.22) than 2D participants (M = 3.72, SD = 1.04), with
t(78) = 1.87, p = 0.065, d = 0.42, mean difference = 0.48, and 95% CI [—0.03, 0.98]. This
result marginally supports H1.

4.3. Discussion

Study 1 provides initial evidence for H1. AR exposure increases compensatory reward
choice, raises offline visit intention, and marginally elevates impulse buying intention to
a greater degree than the 2D experience does. The results reveal that AR provides more
than advanced visual and spatial channels for product viewing: it elicits offline intent and
tactile-substitute choices, indicating that AR can be paired with proximate offline channels
such as showrooms, in-store visits, and sample requests.

4.4. Study 1b: A Same-Device Replication

Study 1 operationalized the AR condition through a head-mounted display and the
2D condition through a tablet, so that device and presentation mode varied together.
The compensatory effect might therefore reflect the novelty or the production value of
the headset rather than the spatial co-location of the virtual product with the physical
environment. Study 1b was designed specifically to rule out that alternative.

Method: Sixty undergraduate students (2D condition n = 33; AR condition n = 27)
participated individually in a university laboratory and were randomly assigned to one of
two conditions in a single-factor between-subjects design. Both conditions were admin-
istered on the same iPad. In the 2D condition, participants viewed the same nine rotating
photographs of the plush mouse used in Study 1; in the AR condition, participants viewed
the same product model rendered in AR and anchored to their physical surroundings. The
presentation mode was thus the only difference between conditions; hardware, screen, and
stimulus were held constant. Participants then completed the same three outcome mea-
sures used in Study 1. A two-item manipulation check verified whether participants had
perceived the product as located in their actual environment and which viewing mode they
had experienced; all 60 participants answered consistently with their assigned condition.

Results: All three effects were replicated. Consistent with H1, AR participants were
more likely than 2D participants to select the tactile plush reward over the cash equivalent
(37.0% vs. 12.1%), with x?(1, N = 60) = 3.86, p = 0.050, Cramer’s V = 0.25, OR = 4.26,
and 95% CI [1.16,15.73]. AR participants reported higher offline visit intention (M = 5.22,
SD = 1.15) than 2D participants (M = 4.15, SD = 1.15), with #(58) = 3.58, p = 0.001,
Cohen’s d = 0.93, mean difference = 1.07, and 95% CI [0.48, 1.66]. Impulse buying intention
(v = 0.86) was also higher in the AR condition (M = 4.15, SD = 1.08) than in the 2D
condition (M = 3.56, SD = 1.05), with #(58) = 2.14, p = 0.036, and d = 0.56. Table 6
provides a comparison of the two studies.

Table 6. Comparison of Study 1 and Study 1b outcomes.

Outcome

Study 1 (Headset vs. Tablet, N = 80) Study 1b (Same iPad, N = 60)

Compensatory reward choice (% choosing tactile

reward)
Offline visit intention
Impulse buying intention

10.0% vs. 32.5%; x> = 4.78, p = 0.029, V = 0.24 12.1% vs. 37.0%; x> = 3.86, p = 0.050, V = 0.25

£(78) = 2.17, p = 0.033,d = 0.49 t(58) = 3.58, p = 0.001, d = 0.93
£(78) = 1.87, p = 0.065, d = 0.42 £(58) = 2.14, p = 0.036,d = 0.56
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Discussion: With the device held constant, the compensatory effect not only persists but
is larger on all three outcomes, and the impulse buying effect that was marginal in Study 1
reaches conventional significance. Device novelty is therefore not a plausible account of
the pattern. Together with the manipulations in Studies 2 and 3, each of which likewise
varies presentation mode within a single device, Study 1b locates the effect in the spatial co-
location of the virtual product with the physical environment rather than in the hardware
used to deliver it.

5. Study 2: AR Versus 3D

Study 2 examines the proposed mediation chain mechanism for compensatory be-
haviors. Using a larger mobile sample, this experiment tests whether the effects of AR in
Study 1 can be replicated against a more advanced medium: an interactive 3D model rather
than the static 2D interface used in Study 1. The 3D model supports visual inspection
and rotation but does not overlay the product in the actual environment, isolating spatial
co-location as the source of any incremental effect. Study 2 also examines the moderated
chain mediation effect of need for touch proposed in H3.

5.1. Method

We recruited 280 participants on the behavioral research platform Credamo. To stan-
dardize AR rendering quality, all participants used an iPhone 14 or later for this experiment.
Participants downloaded an identical teddy-bear 3D model file and were randomly as-
signed to one of two viewing conditions. In the AR condition, they opened the file using
iOS AR Quick Look, which rendered the bear as a virtual object superimposed onto their
real environment. In the 3D condition, they opened the same file in iOS Object view, which
displayed an identically scaled 3D model on screen against a blank background, supporting
rotation and zoom but not environmental overlay. After a standardized viewing period,
participants completed a questionnaire containing four measures: perceived haptic gap
adapted from Citrin, Stem, Spangenberg, and Clark [17] (three items, « = 0.75); haptic
craving adapted from Peck, Barger, and Webb [37] (four items, « = 0.85); compensatory
behavioral intention adapted from Citrin, Stem, Spangenberg, and Clark [17] (two items,
« = 0.87); and need for touch adapted from Peck and Childers [20] (six items, « = 0.83). Full
recruitment screening, manipulation-check rule, complete scale items, and demographic
distribution appear in Appendix B.

5.2. Results

Manipulation check: A single manipulation-check item probed whether participants
perceived the bear as appearing in the immediate physical environment. Fifty-two par-
ticipants whose answer was inconsistent with their assigned condition were excluded,
yielding a final sample of 228 participants.

Main effect: Consistent with H1, AR participants reported significantly higher com-
pensatory behavioral intention (M = 3.69, SE = 0.09) than 3D participants (M = 3.06,
SE = 0.09), with F(1,226) = 24.32, p < 0.001, 77,2, = 0.097, and Cohen’s d = 0.65. The
medium-to-large effect size, established against a 3D model rather than a 2D photograph,
indicates that spatial co-location with the physical environment, not visual rotation or
interactive inspection per se, drives compensatory behaviors.

Chain mediation effect: We tested the sequential mechanism using PROCESS Model 6
(PROCESS macro version 4.1 for SPSS; Hayes, Columbus, OH, USA) with 5000 bootstrap
samples [63], modeling the path from AR exposure through perceived haptic gap and haptic
craving to compensatory behavioral intention. As shown in Table 7, all path coefficients
were significant. AR exposure creates perceived haptic gap (B = 0.57, SE = 0.08, t = 7.53,
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p < 0.001, 95% CI [0.42,0.72]), and perceived haptic gap in turn positively affects haptic
craving (B = 0.36, SE = 0.09, t = 3.92, p < 0.001, [0.18,0.55]). Finally, haptic craving
positively influences compensatory behavioral intention (B = 0.78, SE = 0.06, t = 13.17,
p < 0.001, [0.66,0.90]). The chain indirect effect was also significant (B = 0.16, BootSE
= 0.05, 95% Boot CI [0.08,0.26]), confirming H2. The direct effect of AR on compensatory
behavioral intention remained significant (B = 0.30, SE = 0.107, t = 2.79, p = 0.006),
indicating partial rather than full mediation.

Table 7. Chain mediation path coefficients: Study 2.

Path/Effect B/Effect SE/BootSE t p 95% CI
Panel A. Path coefficients

AR — perceived haptic gap (a-path) 0.57 0.08 7.53 <0.001 [0.42,0.72]
Perceived haptic gap — haptic craving (b-path) 0.36 0.09 392 <0.001 [0.18,0.55]
Haptic craving — compensatory intention (c-path) 0.78 0.06 13.17 <0.001 [0.66,0.90]
AR — compensatory intention (direct effect) 0.30 0.107 2.79 0.006 [0.09,0.51]
Panel B. Direct and indirect effects

Direct effect: AR — compensatory intention 0.30 0.107 — — ]0.09,0.51]
Total indirect effect: all mediated paths 0.33 0.10 — —  [0.14,0.52]
Chain indirect effect: AR via PHG and HC 0.16 0.05 — —  [0.08,0.26]

Note. Dependent variable = compensatory behavioral intention. Coding: AR = 1; 3D = 0.

Moderated chain mediation by NFT: We tested whether need for touch moderates the
first stage of the chain using PROCESS Model 83. As shown in Table 8, the interaction of
AR and NFT on perceived haptic gap was significant (B = —0.47, SE = 0.15, t = —3.16,
p = 0.002, AR?> = 0.034). The conditional effect of AR on perceived haptic gap was
substantially larger for participants with high NFT (B = 0.81) than for those with low
NFT (B = 0.34). The chain-specific indirect effects on compensatory behavioral intention
were 0.23 (BootSE = 0.07, 95% Boot CI [0.11,0.37]) for high-NFT participants and 0.10
(BootSE = 0.04, [0.03, 0.17]) for low-NFT participants. The index of moderated mediation
was significant (Index = —0.13, BootSE = 0.06, [—0.27, —0.04]), confirming H3.

A complementary analysis of variance (ANOVA) revealed that the interaction between
interface (AR vs. 3D) and NFT (high vs. low) was significant: F(1,224) = 9.82, p = 0.002,
and ;7% = 0.042. Compared with the 3D model, AR influences compensatory behavioral
intention to a greater degree for participants with high NFT (3D M = 3.21 vs. AR M = 4.20;
t =6.43, p < 0.001, d = 1.28), whereas the AR vs. 3D difference was non-significant for
participants with low NFT 3D M = 2.92vs. ARM = 3.18;t = 1.40, p = 0.163, d = 0.26).
The interaction effects are presented in Figure 2.

Table 8. Moderated chain mediation in Study 2.

Predictor/Moderator Level/Index B/Effect SE/BootSE t P 95% CI
Panel A. First-stage moderation on PHG

AR (main effect) 0.81 0.09 8.67 <0.001 —

AR x NFT (interaction) —0.47 0.15 —3.16  0.002 —
Panel B. Conditional indirect effects (chain)

High NFT 0.23 0.07 — — [0.11,0.37]
Low NFT 0.10 0.04 — — [0.03,0.17]
Panel C. Index of moderated mediation

Index of moderated mediation —0.13 0.06 — —  [-0.27,-0.04]

Note. Conditional indirect effects are the chain-specific indirect effects of AR on compensatory
behavioral intention through PHG and HC, estimated at the moderator’s high and low levels.
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Figure 2. Interaction of interface and need for touch on compensatory behavioral intention (Study 2).

5.3. Discussion

The results in Study 2 provide support for the first three hypotheses. AR’s influence
on compensatory behavioral intention was significant against an interactive 3D model. The
proposed chain mediation effect (H2) and the moderated chain mediation by NFT (H3)
were both confirmed. Need for touch moderates the chain at its first stage, with high-NFT
consumers showing an indirect effect roughly 2.4 times higher than low-NFT consumers.
These results suggest that consumers with a high need for touch respond best to AR with
haptic cues (such as texture descriptions and close-up images of surfaces), especially when
they are later guided to inspect the product in person.

6. Study 3: AR Versus VR

Contrasting AR with fully immersive VR, Study 3 tests the hypotheses in a 2 x 2
design and extends the compensatory behaviors to a different context. A fully immersive
VR interface was adopted to investigate whether the AR interface’s effect can be attributed
to immersion.

6.1. Method

We recruited 160 college students on a university campus, who were invited to the be-
havioral laboratory individually and were randomly assigned in a 2 (presentation method:
AR vs. VR) x 2 (haptic accessibility: low vs. high) between-subjects design. The exper-
imental design was carried out with 40 participants in each cell. The same teddy-bear
stimulus was presented through a Meta Quest 3 headset operating in passthrough AR
mode for the AR condition and in immersive VR mode within a neutral virtual room for
the VR condition. Haptic accessibility was manipulated by standardized verbal instruc-
tions. Under low haptic accessibility, participants were instructed to keep their hands in
their pockets throughout the viewing task. Under high haptic accessibility, participants
were encouraged to perform air-touch and stroking gestures toward the rendered object
without expecting tactile feedback. After viewing, participants completed the measures of
perceived haptic gap (¢ = 0.76) and haptic craving (« = 0.82) used in Study 2, along with
measures of the perceived helpfulness of a haptic-cue review for the teddy bear (two items,
« = 0.81) [49]. Participants also answered manipulation-check questions on subjective hap-
tic accessibility (three items, & = 0.92) [20]. Participants then evaluated an office chair with
highlighted tactile softness and reported their purchase intention using a two-item scale
(a« = 0.80) [64]. Full instructions, stimulus photographs, scales, demographic distribution,
and supplementary analyses appear in Appendix C.
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6.2. Results

Manipulation check: The manipulation of haptic accessibility was successful based
on participants’ perceived constraints on touching the product. Participants in the
low-accessibility condition reported a substantially higher constraint score (M = 4.40,
SD = 0.41) than those in the high-accessibility condition (M = 2.87, SD = 0.93), with
F(1,156) = 188.99, p < 0.001, and 77; = 0.55. The haptic-accessibility manipulation was
also independent of the presentation method (main-effect p = 0.44; interaction p = 0.35).

Main and interaction effects on review helpfulness: As shown in Table 9, a 2 x 2 ANOVA
on the perceived helpfulness of haptic-cue reviews yielded significant main effects and
a significant interaction. Haptic accessibility produced a significant main effect: the low-
accessibility group rated haptic-cue reviews as more helpful than the high-accessibility
group, with F(1,156) = 32.71, p < 0.001, and 7772] = 0.17. Presentation method also
produced a significant main effect: AR generated higher review helpfulness than VR, with
F(1,156) = 8.07, p = 0.005, and 17%, = 0.05. The interaction between presentation method
and haptic accessibility was significant: F(1,156) = 4.06, p = 0.046, and 17?, = 0.025. Under
low haptic accessibility, AR (M = 4.15, SE = 0.12) elicited higher perceived helpfulness
than VR (M = 3.51, SE = 0.13). Under high haptic accessibility, the AR vs. VR difference
attenuated to a non-significant level (AR M = 3.14, SE = 0.14; VR M = 3.03, SE = 0.14).
The interaction effects are shown in Figure 3.

Table 9. Analysis-of-variance results: Study 3.

DV: Review Helpfulness DV: Chair Purchase Intention
Effect
F(1,156) P A F(1,156) P T
Haptic accessibility (low vs. high) 32.71 <0.001 0.173 1.03 0.313 0.007
Presentation method (AR vs. VR) 8.07 0.005 0.049 69.01 <0.001 0.307
Presentation x Haptic accessibility 4.06 0.046 0.025 4.08 0.045 0.025
5.0 -
Haptic Accessibility
B Low
42 415 [ High
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Figure 3. Interaction of presentation method and haptic accessibility on review helpfulness (Study 3).

Moderated chain mediation by haptic accessibility: To test whether haptic accessibility
moderates the first stage of the compensatory chain, we estimated PROCESS Model 86 with
5000 bootstrap samples [63], with review helpfulness as the dependent variable. As shown
in Table 10, the interaction of presentation method and haptic accessibility on perceived
haptic gap was significantly negative (B = —0.54, SE = 0.16, t = —3.35, p = 0.001),
indicating that the AR-induced gap was substantially larger when touch was blocked
than when it was encouraged. The chain-specific indirect effects on review helpfulness
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were 0.24 (BootSE = 0.07, 95% Boot CI [0.11,0.39]) under low haptic accessibility and
0.08 (BootSE = 0.04, [0.001, 0.17]) under high haptic accessibility. The index of moderated
mediation was significant (Index = —0.16, BootSE = 0.07, [—0.32, —0.04]), confirming H4.

Table 10. Moderated chain mediation in Study 3.

Path/Predictor/Level/Index B/Effect SE/BootSE t y 95% CI
Panel A. Chain mediation path coefficients

AR — perceived haptic gap (a-path) 0.57 0.10 5.69 <0.001 —
Perceived haptic gap — haptic craving (b;-path) 0.41 0.14 295  0.004 —

AR — haptic craving (direct on M2) 0.38 0.12 3.09 0.002 —
Haptic craving — review helpfulness (c-path) 0.71 0.09 8.09 <0.001 —

AR — review helpfulness (direct) —0.04 0.11 —-0.34 0.735 —
Panel B. First-stage moderation by haptic accessibility

AR on perceived haptic gap (main) 0.82 0.12 6.87 <0.001 —
Haptic accessibility (high vs. low) 0.15 0.10 150 0.135 —

AR x Haptic accessibility —0.54 0.16 —3.35 0.001 —
Panel C. Conditional chain indirect effects

Low haptic accessibility 0.24 0.07 — — [0.11,0.39]
High haptic accessibility 0.08 0.04 — — [0.001,0.17]
Panel D. Index of moderated mediation

Index of moderated mediation —0.16 0.07 — —  [-0.32,-0.04]

Cross-context compensatory behavioral intention: We conducted a 2 x 2 ANOVA
on chair purchase intention. The presentation method had a significant main effect
(F(1,156) = 69.01, p < 0.001, 17% = 0.31). The haptic-accessibility main effect was non-
significant (p = 0.31), but the interaction was significant (F(1,156) = 4.08, p = 0.045,
11% = 0.025). Under low haptic accessibility, AR generated higher purchase intention for the
tactile chair (M = 4.22, SE = 0.12) than did VR (M = 2.93, SE = 0.12). Under high haptic
accessibility, the AR vs. VR difference narrowed (AR M = 3.84, SE = 0.13; VR M = 3.05,
SE = 0.13). The compensatory behavioral intention was extended from the focal task to an
unrelated tactile-relevant choice.

6.3. Discussion

Study 3 provides evidence for the situational moderating role of haptic accessibility in
explaining AR-induced compensatory behaviors. Although neither has real haptic feed-
back, AR is a stronger driver of compensatory behaviors than fully immersive VR. The
effect is not due to immersion experience but to the combination of an AR-induced haptic
tendency and low haptic accessibility. When haptic actions are explicitly allowed, even as
motor mimicry without contact, the compensatory intention weakens. Extending the com-
pensatory behaviors to a cross-context choice, our results show that compensatory intention
can be carried over to other tactile-relevant intentions, suggesting that presentation meth-
ods should be tailored to the consumer’s shopping setting or platform. In haptic-accessible
shopping settings such as a showroom floor or an in-home preview, the use of AR can lead
to more favorable compensatory behavioral outcomes. In presentation-only settings such
as mobile commerce or online browsing, AR urges the desire for rich tactile-cue content and
increases the likelihood that consumers will visit brick-and-mortar stores for additional
haptic information-seeking.

7. General Discussion

Our experiments produced a consistent pattern demonstrating AR’s haptic-inducing
effects across comparison interface types (2D, 3D, VR), experimental settings (laboratory,
mobile), product stimuli (plush mouse, teddy bear, office chair), and behavioral outcomes
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(compensatory choice, intention, review helpfulness, cross-context purchase intention).
Importantly, this convergence does not rest on the diversity of the hardware used: in
Study 1b, both conditions ran on the same iPad; in Study 2, both ran on the participant’s
own iPhone using the same product file; and in Study 3, both ran on the same headset with
only its mode changed. Because presentation mode is manipulated within a single device
in each of these studies, the convergence reflects the same underlying construct rather
than device-specific idiosyncrasies that happen to align. AR exposure elicits compensatory
behaviors through a chain mediation mechanism: a perceived haptic gap that intensifies
haptic craving. The effects are amplified for consumers with a high need for touch and when
situational haptic accessibility is low. All four hypotheses were supported, highlighting
new psychological effects of AR exposure for consumers that have not been recognized in
the interactive marketing literature.

7.1. Theoretical Implications

Prior research has found that AR offers better immersive shopping experiences, such as
heightened vividness and diagnosticity [3,4,9,11], which reduces mental imagery load [7,10].
A reality—virtuality paradox was identified in this study, and the underlying mechanism
for AR’s influences was re-examined. The mechanism proposed here incorporates a multi-
sensory paradigm, revealing broader sensory inputs and psychological paths in consumers’
interactive experiences with AR that are not captured by previous research. Our study
presents a novel framework and findings that expand the current understanding of mixed
reality, offering insight into how consumers interact with innovative shopping technologies
such as AR.

Our findings challenge the traditional view in interactive marketing that greater immer-
sion necessarily leads to more favorable consumer responses. Through the reality—virtuality
paradox, we show that AR’s technological advantage in spatial realism is inseparable from
its psychological trade-off and sensory asymmetry. Our framework highlights that both
benefit and cost coexist for AR. High visual fidelity combined with absent haptic feedback
produces a previously unseen interactive pattern and behavioral outcomes. The findings
extend interactive marketing research by showing that greater realism does not always
improve consumer responses and may sometimes create sensory mismatches that influence
evaluations and choices. Consumers’ interaction and engagement with multiple sensory
modalities in emerging AR technologies will substantially advance current inquiries in
interactive marketing [65].

In addition, individual need for touch and situational haptic accessibility act as mod-
erators of chain mediation effects, reshaping the boundaries of cross-modality behaviors in
interactive marketing and revitalizing sensory marketing research [18,40]. This study draws
construal-level theory, embodied cognition, expectation disconfirmation, and psychological
reactance into a unified lens for interactive marketing.

Furthermore, we extended compensatory consumption research from resource
scarcity [26,30,51] into sensory scarcity and explored the behavioral consequences during
consumers’ interaction with AR interfaces. AR-induced perceptual asymmetry generates
motivated compensatory behaviors, including offline-channel intent, reliance on tactile-
cue information, and cross-context transfer to a tactile-relevant purchase decision. The
findings help explain compensatory consumption [52], suggesting that the sensory gap
can be bridged through adaptive information-seeking rather than intra-domain compen-
sation [51]. The findings contribute to interactive marketing by identifying previously
overlooked psychological and behavioral outcomes in technology-mediated interactive
shopping experiences.
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7.2. Managerial Implications

Following Wang [22], we provide practical guidelines for strategic AR marketing.
Our recommendations primarily benefit brands in tactile and hedonic categories (e.g.,
apparel, furniture, cosmetics), where sensory expectations are strongest. For omnichannel
brands, AR can be used strategically to drive customer engagement by increasing store
visits, review-seeking, and tactile-oriented purchases. AR product experience can lead
to enhanced multi-channel interaction, such as store visits or sample requests, turning
engagement into a sales pathway. Brands without an omnichannel structure (e.g., direct-to-
consumer or app-only brands) must address AR’s impact within the digital channel. This
can be done through richer tactile cues (e.g., texture zooms, close-up videos, user photos,
and material specs) and Al-generated tactile descriptions tailored to consumer concerns.
Together, these strategies turn the compensatory response into a content opportunity rather
than a channel limitation.

More specifically, generative Al offers the most immediately deployable solution.
Because the reality—virtuality paradox drives consumers from visual realism toward haptic
information-seeking, Al systems that generate rich tactile descriptions can intervene pre-
cisely where consumers look for sensory substitutes [15]. Examples include image-to-text
material descriptions, dynamic product copy that answers questions such as “How does
this fabric breathe?” or “How heavy does it feel?”, and real-time virtual try-on descriptions
tailored to product materials and textures. The AR interface can also pass the shopper’s
viewing context and product information to an Al assistant designed to provide tactile cues,
enriching the shopping experience and compensating for the absence of physical touch.

Brands can also reduce the haptic gap by incorporating multisensory AR peripher-
als. Technologies such as vibrotactile wearables, ultrasonic mid-air haptic devices, and
scent-emission systems can be integrated into mainstream AR interfaces as consumer-end
applications. Low-cost options also exist: pseudo-haptic techniques that simulate prop-
erties such as weight using only standard controllers have been shown to raise purchase
intent and perceived value in virtual retail, and require no additional hardware [66]. These
technologies provide medium-level solutions to enhance the sensory capabilities of AR and
help consumers receive realistic tactile feedback from AR experiences.

Across both omnichannel and digital-only brands, marketers can identify high-NFT
consumers using behavioral signals (e.g., browsing record of tactile products, store vis-
its, category history) and prioritize AR in tactile categories where the need for touch
is most relevant. Low-NFT consumers tend to focus more on AR’s diagnostic benefits
with weaker compensatory effects, so AR content can be simplified to avoid unnecessary
sensory emphasis.

These recommendations presuppose conditions that are not universally met, and
managers should treat them as prerequisites rather than details. AR requires a maintained
pipeline of accurate three-dimensional assets, which is costly for broad or fast-turning
catalogues; it requires that enough of a brand’s customers hold devices capable of stable
rendering, since inconsistent plane detection degrades the very spatial co-location that
drives the effect; and it requires permission to access the camera, which a non-trivial share of
shoppers will decline. Realizing the compensatory response commercially further requires
an attribution system that can connect an AR session to a later offline visit or sample request.
Without that, the response is generated but not captured, and the investment appears to
underperform. There are also conditions under which AR should not be the default: in
categories where tactile attributes are not diagnostic, the mechanism documented here has
little to work with; and for brands with no channel able to absorb an intensified desire for
physical inspection, amplifying that desire may simply redirect demand to competitors who
have one. Finally, because the effect operates by heightening an expectation the interface

https://doi.org/10.3390/jtaer21090307


https://doi.org/10.3390/jtaer21090307

J. Theor. Appl. Electron. Commer. Res. 2026, 21, 307 19 of 33

cannot satisfy, its use warrants restraint where the resulting discomfort could be exploited
rather than resolved.

7.3. Limitations and Future Research

This study has several limitations. Our stimuli included plush toys in Studies 1,
1b, and 2 and an office chair in Study 3, all of which have tactile attributes that serve
as central information for purchase decision-making. This is a genuine constraint on
generality, and we state the resulting boundary as a testable proposition rather than a
caveat: the compensatory effect should be strongest where tactile attributes are diagnostic
for the decision, should weaken as search attributes come to dominate, and may reverse
where visual information is already sufficient and an intensified desire to touch merely
delays choice. Categories spanning that range (consumer electronics, furniture and home
services, apparel, cosmetics, and fresh groceries) offer a natural test, and identifying
the point at which the effect crosses zero would establish where AR is and is not the
appropriate interface.

Sample composition also limits generalization. Studies 1, 1b, and 3 recruited students
at a single institution in southwestern China, with participants aged 18-25 forming 60-70%
of those samples, and all four studies used Chinese participants. Younger, more technology-
familiar consumers may respond to AR differently than the broader shopping population,
so the effect sizes reported here should be read as estimates from a relatively AR-receptive
group rather than population values. Cultural norms surrounding touch in retail also vary,
and cross-cultural replication is needed before the mechanism is assumed to be general.
Study 2’s requirement that participants own an iPhone 14 or later warrants a separate
comment. This was a design constraint rather than a sampling convenience: AR Quick
Look’s rendering fidelity and plane detection vary with device capability, and permitting
that variation would have introduced precisely the device-driven confound that Study 1b
was built to exclude. Holding device class constant removed that source of noise, at the cost
of a sample skewed toward higher-income iOS users. Future work using behavioral data
from live retail environments, across a wider age range and in multiple cultural settings,
would establish the external validity that controlled experiments of this kind cannot.

We measured participants’ compensatory responses immediately after AR exposure.
Whether this response persists over hours or days remains unknown. Previous AR expe-
rience or repeated AR use may also reduce the effect. Longitudinal research that tracks
consumer behavior over time, particularly in settings where AR becomes a routine part of
shopping, could provide important insights into AR’s compensatory effects.

We used mobile AR and head-mounted AR as the AR interface in the experiments.
The compensatory effect may be stronger in newer AR formats that provide highly realistic
visual experiences, such as smart glasses, spatial computing, or voice-haptic AR. Future
research should examine whether the effect generalizes across emerging AR modalities and
whether these technologies create new sensory asymmetries beyond the visual-haptic gap
tested in this study.

Finally, the reality—virtuality paradox was built primarily on cognitive and motiva-
tional mechanisms, focusing on the perceptual information-processing route. However,
the absence of touch in AR experiences is also likely to generate affective responses that
accompany these processes. For example, consumers may experience frustration when an
apparently tangible product cannot be touched. Future research should examine these af-
fective pathways directly and investigate how they interact with the cognitive-motivational
process identified in this study. Such emotions may strengthen the compensatory response,
redirect it toward alternative information-seeking behaviors, or even serve as substitutes
for the motivational mechanisms proposed in this study.
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7.4. Conclusions and Real-World Applications

This research began from an observation that cuts against the direction of most work
on immersive commerce: the more convincingly an interface places a product in the
consumer’s own space, the more sharply it advertises the one thing it cannot provide.
Across four experiments, we find that AR does not simply improve product evaluation; it
creates a perceived haptic gap, that gap intensifies haptic craving, and craving motivates
behavior aimed at obtaining the missing tactile information. The effect holds against 2D
photographs, interactive 3D models, and fully immersive VR; it survives holding the device
constant; and it transfers to a tactile-relevant choice in an unrelated category.

Three applications follow directly. First, omnichannel retailers should treat AR as a
driver of physical traffic rather than only of online conversion and should instrument it
accordingly: an AR session that ends without a purchase but produces a store visit or a
sample request is a success that conventional attribution records as a failure. Second, brands
operating only in digital channels should meet the compensatory response with content
rather than concede it, supplying the tactile information consumers begin seeking: material
and texture description, close-range video of surfaces, weight and drape specifications,
and Al-generated answers to the questions shoppers actually ask about how something
feels. Third, interface choice should follow the shopper’s situation: AR is most valuable
precisely where touch is unavailable, such as mobile browsing and at-home preview, and
least differentiated in settings where the product can already be handled. Deployed with
these conditions in mind, the reality—virtuality paradox becomes a lever rather than a
liability, as AR’s inability to deliver touch is what makes it effective at sending consumers
to look for it.
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The following abbreviations are used in this manuscript:

ANOVA  Analysis of variance

AR Augmented reality

AVE Average variance extracted

CBI Compensatory behavioral intention
CFA Confirmatory factor analysis
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CFI Comparative fit index

CI Confidence interval

CPI Chair purchase intention

CR Composite reliability

HA Haptic accessibility

HC Haptic craving

HTMT Heterotrait-monotrait ratio

MR Mixed reality

NFT Need for touch

OR Odds ratio

PHG Perceived haptic gap

RH Review helpfulness

RMSEA  Root mean square error of approximation
SD Standard deviation

SE Standard error

SRMR Standardized root mean square residual
TLI Tucker—Lewis index

VR Virtual reality

Appendix A. Experimental Materials for Study 1

Sample: Eighty undergraduate and graduate students at a university in southwestern
China participated in Study 1 (40 per condition). Recruitment used three parallel channels:
course-level group chats, the departmental participant-pool email list, and on-campus
poster notices. Eligible participants were at least 18 years old with normal or corrected-
to-normal vision. A pre-screening question excluded volunteers with a history of severe
motion sickness with head-mounted displays (one volunteer not scheduled). On arrival,
each participant signed an informed-consent form and received a cash honorarium of
approximately CNY 15 after completing the procedure. The target cell size (40 per condition)
was set a priori to detect a medium standardized effect (Cohen’s d ~ 0.6) with two-tailed
« = 0.05 and power = 0.80 in an independent-samples ¢-test.

Procedure: The study was conducted in a dedicated cognitive behavior laboratory.
Each session comprised seven steps: (1) arrival and consent; (2) random assignment to
AR or 2D using a pre-generated random-order list blocked at four; (3) apparatus briefing,
including Meta Quest 3 fit, head-strap adjustment, and inter-pupillary-distance calibration
(AR) or iPad placement at ~40 cm with the gallery pre-loaded (2D); (4) a ~90-s viewing
task (AR participants walked around a scale-accurate virtual plush mouse anchored to a
physical table; 2D participants swiped through nine photographs at their own pace); (5) a
compensatory-reward choice between Envelope A (CNY 15 cash) and Envelope B (a plush
panda toy of comparable market value); (6) a post-task paper questionnaire measuring
offline visit intention, impulse buying intention, and demographics; and (7) debriefing
(3-5 min). Total session duration averaged 22 min.

Stimuli: The target product was a commercially available plush mouse toy approxi-
mately 18 cm long, made from light-grey polyester fibre, with black thread eyes and a pink
thread nose. In the AR condition, participants wore a Meta Quest 3 headset in see-through
(passthrough) mode, with a scale-accurate virtual mouse anchored to a physical table
approximately 1.2 m in front of them. The virtual mouse maintained spatial anchoring
as participants moved, allowing inspection from any angle; no controller-based rotation,
zoom, or manipulation was enabled. In the 2D condition, participants viewed nine high-
resolution photographs of the same physical plush-mouse toy on an iPad in landscape
orientation. The photograph sequence comprised (1) front, (2) front-left three-quarter,
(3) left side, (4) back-left three-quarter, (5) rear, (6) back-right three-quarter, (7) right side,
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(8) front-right three-quarter, and (9) top-down views. All photographs were shot against
a neutral grey background at consistent lighting and scale. Figure A1l exhibits the two
conditions side by side.

L <
*ese @
TTH

(b)
Figure A1l. Stimulus materials for the 2D and AR conditions (Study 1). (a) 2D condition (nine-angle

photograph composite). (b) AR condition (Meta Quest 3 passthrough still).

Measures: All self-report items used a five-point Likert response scale (1 = strongly
disagree, 5 = strongly agree) unless otherwise noted. Items were developed in English in
the cited sources and adapted into the local language using the translation-back-translation
procedure [67].

Compensatory reward choice (single binary behavioral measure; adapted from Man-
del, Rucker, Levav, and Galinsky [26]): “As a reward for this portion of the study, please
choose one of the following: (A) CNY 15 in cash, or (B) a plush panda toy of equivalent
value.” Response: forced binary choice.

Offline visit intention (single item; adapted from Baker, Parasuraman, Grewal, and
Voss [60]; Bergkvist and Rossiter [55]): “A mall across from our campus stocks the same
plush toy. To what extent would you be willing to visit the store to experience the toy in
person?” Response: 1 (not at all willing) to 5 (completely willing).

Impulse buying intention (three items, = 0.87; adapted from Rook [61]; Beatty and
Ferrell [62]): (1) “When I saw this plush mouse toy, I suddenly felt an urge to buy it.”
(2) “Even though I had no prior plan to buy it, I wanted to own it when I saw it.” (3) “My
urge to buy this plush mouse toy was very strong.” Response: 1 (strongly disagree) to 5
(strongly agree). The item mean served as the composite score.

Demographics: single-choice items measuring sex (male/female/prefer not to say),
age band (18-25, 26-34, 35-48, 48 and above), education level, and self-reported monthly
disposable income.

Manipulation check: Because the manipulation consisted of an observable difference
in viewing device and protocol rather than a perceptual inference requiring self-report,
the manipulation check followed a procedural-audit design. For each participant, the
experimenter completed a standardized checklist documenting (a) the assigned device (AR
headset or iPad), (b) whether the viewing duration fell within 70-110 s, and (c) whether the
participant completed the condition-specific interaction profile (free head movement under
AR, or full nine-photograph swipe-through under 2D). All 80 audit forms were complete
and showed full compliance; no participant was excluded on procedural-audit grounds.
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Table A1. Demographic composition of Study 1 (N = 80).

Variable Category n Percentage
Sex Male 35 43.75%
Female 45 56.25%
18-25 56 70.00%
Ace 26-34 22 27.50%
8 35-48 1 1.25%
48 and above 1 1.25%

Table A2. Cell counts, condition means, and standard deviations for Study 1 outcomes.

Measure

AR (n = 40) 2D (n = 40) Test Statistic P

Compensatory reward choice (% choosing plush) 32.5% 10.0%

Offline visit intention
Impulse buying intention

X>(1) =478 0.029
t(78) =2.17  0.033
t(78) = 1.87  0.065

M =3.68, SD = 1.47
M =419,SD =122

M =298,5SD =141
M=372,SD =1.04

Data-analysis methods: The chi-square test on the compensatory reward choice was
complemented by an odds-ratio analysis: the odds of a tactile-reward choice were 4.33 times
higher under AR than under 2D (OR = 4.33,95% CI [1.27, 14.78]). An independent-samples
t-test on offline visit intention yielded #(78) = 2.17, p = 0.033, Cohen’s d = 0.49, and mean
difference 0.70 on the five-point scale (95% CI [0.06,1.34]); Levene’s test was non-significant
(F = 0.31, p = 0.58). On impulse buying intention, AR participants scored directionally
higher than 2D participants, with #(78) = 1.87, p = 0.065, Cohen’s d = 0.42, and a mean
difference of 0.48 (95% CI [—0.03,0.98]); this pattern is reported as suggestive rather than
confirmatory at the present cell size. Auxiliary models that added sex and age band as
covariates produced essentially unchanged condition effects on all three outcomes (all
covariate p > 0.15).

Appendix B. Experimental Materials for Study 2

Platform and eligibility: Study 2 was fielded on Credamo, a Chinese online behavioral
research platform supporting integrated screening logic (e.g., device-model gating) and
randomized condition assignment. To ensure comparable AR rendering quality across
conditions, the recruitment pre-screen restricted participation to iPhone 14 or later. This
constraint matters because the AR manipulation relies on the iOS AR Quick Look system-
level feature, whose rendering performance and environment-anchoring stability differ
across older hardware; the A15 Bionic chip and newer models expose a uniform AR
feature set sufficient for rendering the teddy-bear 3D model used here. Ineligible-device
respondents were exited from the survey before condition assignment and were not counted
in the sample. Additional screens required (a) an age of 18 or older, (b) willingness to
download a model file to the device, (c) access to adequate indoor space for AR inspection,
and (d) agreement to a data-use statement specifying academic and anonymized use.
Participants received the standard platform incentive on completion; attention-check failure
did not affect compensation. Four complete submissions originating from VPN-redirected
IPs and two with anomalous completion times (under 90 s) were flagged and excluded
before analysis.

Procedure: Participants completed the study entirely on their own iPhone. After con-
sent and device confirmation, the survey instructed them to download a file named
teddybear.usdz (Universal Scene Description, the Apple-native format for AR Quick
Look) from a stable cloud URL and save it to the iOS Files application. The survey engine
then randomly assigned participants to the AR condition or the 3D-model condition. In the

https://doi.org/10.3390/jtaer21090307


https://doi.org/10.3390/jtaer21090307

J. Theor. Appl. Electron. Commer. Res. 2026, 21, 307 24 of 33

AR condition, participants tapped the saved file in the Files app, which opened iOS AR
Quick Look; the system detected a flat surface and anchored the teddy-bear model to that
plane at human-visible scale, and participants walked around the object for approximately
60 s, leaning and crouching to inspect at multiple angles (described as “AR mode, where
the bear appears in your actual environment”). In the 3D-model condition, participants
opened the same file and selected “Preview in Object view,” which opened the iOS non-AR
object viewer; the same teddy-bear model appeared within the phone screen against a
neutral blank background, with support for two-finger rotation, pinch-to-zoom, and pan,
for approximately 60 s (described as “object view mode, where the bear appears on your
screen”). The same 3D asset file was used in both conditions; only the opening mode
differed. Participants then returned to the survey browser tab and completed, in fixed
order, the manipulation check, perceived haptic gap (three items), haptic craving (four
items), compensatory behavioral intention (two items), need for touch (six items), and
demographics. Median completion time was 11 min 42 s. Figure A2 shows representative
screenshots of the two viewing modes.

(a) (b)

Figure A2. Stimulus screenshots for the 3D-model and AR conditions (Study 2). (a) 3D-model
condition (iOS Object view; blank-background rendering; the on-screen mode toggle reads “AR” and
its Chinese equivalent for “Object”). (b) AR condition (iOS AR Quick Look; teddy bear anchored to a
physical surface).

Measures: All self-report items used a five-point Likert response format (1 = strongly
disagree, 5 = strongly agree) unless noted. Items were adapted into the local language
using translation-back-translation [67].

Perceived haptic gap (three items, « = 0.75; adapted from Citrin, Stem, Spangenberg,

”

and Clark [17]): (1) “Because I cannot touch this product, I feel something is missing.
(2) “There is a clear gap between what I can see and the real tactile experience I could have.”
(3) “The absence of touch makes this experience feel incomplete.”

Haptic craving (four items, « = 0.85; adapted from Peck, Barger, and Webb [37]):
(1) “Right now I have a strong urge to touch this product.” (2) “I find myself involuntarily

imagining what this product would feel like to touch.” (3) “I crave the tactile sensation of
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holding this product in my own hands.” (4) “If this product were right in front of me, I
would find it hard to stop myself from touching it.”

Need for touch (six items, « = 0.83; Peck and Childers [20]): (1) “When browsing in
stores, I like to touch products.” (2) “I feel more comfortable purchasing a product after
physically examining it.” (3) “Even if I have no intention to purchase, I still like to touch
products.” (4) “After touching a product, I have more confidence in my purchase decision.”
(5) “When I can touch a product, I am more certain about its quality.” (6) “If I cannot touch
a product in the store, I am reluctant to purchase it.”

Compensatory behavioral intention (two items, & = 0.87; adapted from Citrin, Stem,
Spangenberg, and Clark [17]): (1) “I strongly want to visit a physical store to see this
product in person.” (2) “Knowing about this product only online is not enough. I need to
experience it in real life.”

Demographics: sex (male/female/prefer not to say); age band (18-25, 26-33, 34—40,
41-48, 48 and above); monthly disposable income band (under CNY 2000, 2001-4000,
4001-6000, 6001-8000, over 8000); education level.

Manipulation check and exclusion audit: A single binary item asked participants whether
“the teddy-bear model I just viewed appeared in my actual physical environment” (Yes/No).
Participants were classified as passing the manipulation check if their response matched
their assigned condition: AR-assigned participants were expected to respond “yes” and
3D-model-assigned participants to respond “no.” Classification was made programmat-
ically against the condition record maintained by the survey engine. The exclusion rule
was pre-specified in the study protocol and applied uniformly across conditions. Of the
280 participants who completed the instrument, 52 failed the manipulation check and were
excluded, leaving an analytical sample of N = 228. The AR condition produced a slightly
higher exclusion rate than the 3D-model condition, consistent with AR Quick Look’s greater
sensitivity to environmental conditions (e.g., low-texture surfaces that impair plane detec-
tion). As a robustness check, re-estimating the main effect of condition on compensatory
behavioral intention on the full N = 280 preserved the direction (AR M = 3.55 vs. 3D
M = 3.12) and decreased the effect size only modestly (Cohen’s d ~ 0.48 with the full
sample vs. d = 0.65 with the manipulation-check-retained sample). The pre-specified
exclusion therefore sharpens the signal without creating the pattern.

Table A3. Demographic composition of Study 2 analytical sample (N = 228).

Variable Category n Percentage
Sex Male 102 44.74%
¢ Female 126 55.26%
18-25 105 46.05%
26-33 69 30.26%
Age 34-40 30 13.16%
41-48 16 7.02%
48 and above 8 3.51%
Under CNY 2000 33 14.47%
2001-4000 58 25.44%
Monthly income 4001-6000 65 28.51%
6001-8000 35 15.35%
Over 8000 37 16.23%

Data-analysis methods: The moderated chain mediation reported in the main text (PRO-
CESS Model 83) was complemented by simple-slopes and conditional-indirect-effect analy-
ses. Conditional effects of AR on perceived haptic gap at low, mean, and high NFT were
B =0.34, SE =0.12, t = 2.83, p = 0.005, 95% CI [0.10,0.57|; B = 0.57, SE = 0.08, t = 7.53,
p < 0.001, 95% CI [0.42,0.72]; and B = 0.81, SE = 0.12, t = 6.87, p < 0.001, 95% CI
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[0.58, 1.04}, respectively. The conditional effect roughly doubles from low to high NFT,
consistent with H3. The chain-specific indirect effect of AR on compensatory behavioral
intention via perceived haptic gap and haptic craving was 0.10 (BootSE = 0.03, 95% Boot
CI [0.03,0.17]) at low NFT and 0.23 (BootSE = 0.07, 95% Boot CI [0.11,0.37]) at high NFT;
the index of moderated mediation was —0.13, BootSE = 0.06, 95% Boot CI [—0.27, —0.04]
(the sign reflects the 0/1 coding of NFT).

Table A4. Cell counts and condition means on core variables in Study 2 (N = 228).

Variable 3D Model (n = 113) AR (n = 115)

Perceived haptic gap M=304SD =080 M=361SD=074
Haptic craving M=3.03,SD=092 M =339, SD=0.98
Compensatory behavioral intention M =3.06, SD =1.00 M =3.69,SD = 0.93
Need for touch (continuous) M=345,SD=064 M =2351,5D =0.62

A complementary 2 (interface: AR vs. 3D model) x 2 (NFT: low vs. high via median
split) ANOVA on compensatory behavioral intention yielded a significant interface main
effect, with F(1,224) = 28.27, p < 0.001, and 11%, = 0.11; a significant NFT main effect,
with F(1,224) = 31.69, p < 0.001, and 11% = 0.12; and a significant interaction, with
F(1,224) = 9.82, p = 0.002, and 77; = 0.04. Simple-effect decomposition showed a
large AR effect among high-NFT consumers (3D M = 3.21, AR M = 4.20; t = 643,
p < 0.001, Cohen’s d = 1.28) and an essentially null effect among low-NFT consumers
(BDM =292, ARM =3.18;t =140, p = 0.163, Cohen’s d = 0.26), converging with the
PROCESS analysis.

Additional robustness checks confirmed that (a) an alternative specification with the
mediator order reversed (haptic craving as M, perceived haptic gap as M) produced a
non-significant reversed chain (indirect = 0.03, BootSE = 0.03, 95% Boot CI [—0.02,0.10]),
supporting the pre-specified theoretical sequence; (b) controlling for sex, age band, and
income band left the main effect of condition on compensatory behavioral intention effec-
tively unchanged (F(1,220) = 22.91, p < 0.001, and 7772] = 0.094), with all covariate terms
non-significant (all p > 0.22); and (c) excluding the fastest 5% of completers (median time
under 7 min) preserved all reported inferences, with F(1,214) = 22.14, p < 0.001, and
1y = 0.09%4.

Appendix C. Experimental Materials for Study 3

Sample: One hundred sixty university students at a Chinese university in the southwest
region participated in Study 3. Recruitment used the same three parallel channels as
Study 1 (course-level group chats, departmental participant-pool email list, on-campus
poster notices). Eligibility required (a) an age of 18 or older; (b) normal or corrected-
to-normal vision; (c) no severe history of motion sickness with head-mounted displays;
and (d) no prior participation in Studies 1 or 2, which shared the same campus. Each
participant received a cash honorarium of CNY 15 after completing the full procedure, not
contingent on performance. Participants signed an informed-consent form documenting
study purpose, anonymization, withdrawal rights, and acknowledgment of head-mounted
display use. Random assignment drew from a pre-generated random-order list stratified
by sex to ensure balanced composition across the four cells of the 2 (presentation method:
AR vs. VR) x 2 (haptic accessibility: low vs. high) between-subjects design. Target cell size
was 40 per cell and was achieved exactly (40 x 4 = 160).

Procedure: After arrival and consent, the experimenter drew the next stratified as-
signment and revealed the cell (AR or VR crossed with low or high haptic accessibility).
The experimenter fitted the Meta Quest 3 headset, adjusted the head strap, calibrated
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inter-pupillary distance, and verified clarity with the headset’s focus card. The rendering
mode was then set: passthrough (see-through) mode for AR, so that the participant saw
the actual laboratory room augmented with a virtual teddy bear anchored to a physical
table approximately 1.2 m in front of them; or a fully immersive VR scene rendering a plain,
emotionally neutral virtual room (light-grey walls, plain virtual table) into which the same
teddy-bear model was placed at the same visual scale.

Immediately before the viewing task, the experimenter delivered a standardized
verbal instruction corresponding to the participant’s haptic-accessibility cell. Instruction
scripts were memorized and checked for fidelity by a supervisor during pilot runs. Low-
haptic-accessibility script: “During the viewing task that is about to begin, please keep
your hands in your pockets at all times. Do not reach toward, gesture at, or otherwise
attempt to interact manually with the object you will see. Just look at it carefully.” High-
haptic-accessibility script: “During the viewing task that is about to begin, you are welcome
to use your hands in the air to mimic touching or stroking the object you will see. You
will not actually feel anything under your fingers, but feel free to make these touching
gestures whenever you wish.” Participants then observed the teddy-bear rendering for
approximately 90 s while the experimenter silently monitored compliance from outside the
participant’s peripheral field.

After the headset was removed, participants completed a paper questionnaire in
fixed order: the haptic-accessibility manipulation check (three items), perceived haptic gap
(three items), haptic craving (four items), review helpfulness (two items, after display of
a user review of the teddy bear), chair purchase intention (two items, after display of the
chair scenario), and demographics. The review was fabricated but contained naturalistic
language with rich haptic cues (softness, fluffiness, smooth fabric finish); the same review
was shown to all participants. The chair scenario read: “Suppose you are shopping for an
office chair for your home workspace. The following chair is displayed on an e-commerce
page.” A photograph of an office chair with prominently advertised tactile softness was
shown; the same chair appeared across conditions. Debriefing and payment followed. Total
session duration averaged 28 min. Figure A3 shows the AR-vs.-VR presentation renderings,
and Figure A4 shows the review card and chair-advertisement stimuli.

VR Condition

Real Desk rtual Desk
.

Figure A3. Stimulus renderings for Study 3. (Left): AR passthrough condition, with the teddy bear

anchored on a physical table. (Right): VR immersive condition, with the same teddy bear on a virtual
table in a neutral virtual room.

Measures: All self-report items used a five-point Likert response format (1 = strongly
disagree, 5 = strongly agree) unless noted; Chinese adaptations used translation—back-
translation [67]. Perceived haptic gap (three items, « = 0.76) and haptic craving (four items,
« = 0.82) used the identical wording as Study 2 (see Appendix B).
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Review helpfulness (two items, « = 0.81; adapted from Filieri, Alguezaui, and
McLeay [49]): (1) “This review is helpful.” (2) “This review provides useful information for
my decision.”

SR &2
ZHEGRE e BRYE - WIS
REEBAE - RREFIE

¥365

¥35 « o

P 528
FE
2KA
XMRBEREMITEIN, FRISHIE, WK, KHET! LR AL
(a) (b)

Figure A4. Study 3 review-helpfulness and cross-context chair-purchase stimuli. (a) User-review
card with naturalistic haptic-cue language. (b) Office-chair advertisement emphasising tactile soft-
ness. Both stimuli were presented in Chinese; an English translation of all on-screen text is given
immediately below.

Both stimuli in Figure A4 were presented in Chinese, the participants’ native language,
and are reproduced above exactly as they appeared on screen. All substantive on-screen
text translates as follows.

Review card (panel a). Product title: “Classic Plush Bear”; strapline: “Warm compan-
ionship; soft and comfortable”; rating 4.9; price CNY 35, reduced from CNY 68, flagged
“limited-time offer”. Product description: “Filled with high-quality PP cotton, it feels soft
and fine to the touch and brings you warm companionship. Every stitch is carefully sewn
and reflects our pursuit of quality. Suitable for all ages, it is an excellent choice as a gift or
for yourself.” Customer reviews section, one review, posted by “Ms. Li” two days earlier
with a five-star rating: “This bear feels really comfortable to touch, the texture is especially
good, so soft, wonderful!” Buttons: “Add to cart” and “Buy now”.

Chair advertisement (panel b). Product title: “Comfort Rocking Chair”; strapline: “A
home essential; relax body and mind”; rating 4.8; price CNY 365, reduced from CNY 689,
flagged “best seller”. Product description: “This rocking chair uses an innovative stream-
lined design that blends modern aesthetics with a comfortable experience. The surface
is finished in a premium velvet fabric whose touch is as smooth and fine as silk; a light
stroke is enough to feel its gentle, enveloping softness. High-density foam filling provides
exactly the right support: the moment you sit down, your body seems to be lifted gently
by a cloud, soft without sagging, fitting closely at every point. The thickened padding
at the backrest and armrests feels full and springy to the touch, so that sitting for long
periods never becomes uncomfortable. This soft, comfortable feel gives you the ultimate
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relaxing experience and truly soothes a tired body and mind.” Buttons: “Add to cart” and
“Buy now”.

Haptic-accessibility manipulation check (three items, a = 0.92; adapted from Peck
and Childers [20]): Higher scores reflect more constraint (i.e., lower subjective haptic
accessibility): (1) “During the viewing task, I felt I could not physically interact with (touch)
the product.” (2) “While looking at the product, I felt that I lacked the opportunity to touch
it.” (3) “During the viewing task, I could not use my hand to touch this plush bear.”

Office-chair purchase intention (two items, « = 0.80; adapted from Dodds, Monroe,
and Grewal [64]): (1) “I would be willing to purchase this office chair.” (2) “If I had the
opportunity, I would probably purchase this office chair.”

Demographics: sex (male/female/prefer not to say); age band (18-25, 26-33, 34—40, 41
and above); monthly income band (under CNY 1000, 1001-2000, 2001-3000, 3001-4000);
education level (undergraduate, master’s, doctoral).

Manipulation checks: The haptic-accessibility manipulation check (composite of three
items, « = 0.92) was analyzed by a 2 x 2 ANOVA with presentation method and haptic
accessibility as factors. The haptic-accessibility factor produced a very large effect, with
F(1,156) = 188.99, p < 0.001, and 17, = 0.548; the main effect of the presentation method
was not significant, at F(1,156) = 0.60, p = 0.439, and 1, = 0.004; and the interaction
was not significant, at F(1,156) = 0.89, p = 0.347, and 17’2, = 0.006. Cell means on the
manipulation-check composite were M = 4.40 (SD = 0.41) under low haptic accessibility
(hands in pockets) and M = 2.87 (SD = 0.93) under high haptic accessibility (air-touch).
The haptic-accessibility manipulation was therefore successfully isolated from the AR vs.
VR contrast. The presentation-method manipulation (AR passthrough vs. VR immersive
room) was controlled at the apparatus level (Meta Quest 3 mode selection) and could be
directly verified rather than inferred from self-report. All 160 participants completed the
viewing task in the correct mode as recorded by the experimenter checklist; no participant
exhibited spontaneous mode-switching or apparatus failure during the task, so no self-
report check was administered for presentation method.

Table A5. Demographic composition of Study 3 (N = 160).

Variable Category n Percentage
Sex Male 81 50.63%
Female 79 49.38%
18-25 97 60.63%
Ace 26-33 49 30.63%
& 34-40 12 7.50%
41 and above 1 1.26%
Under CNY 1000 18 11.25%
Monthlv incom. 1001-2000 121 75.63%
onthly thcome 2001-3000 17 10.63%
3001—4000 4 2.50%
Undergraduate 104 65.00%
Education Master’s 48 30.00%
Doctoral 8 5.00%

Table A6. Cell means on core dependent variables in Study 3 (four cells, 40 participants each).

Cell Review Helpfulness Chair Purchase Intention
VR, low haptic accessibility M =351,SE =0.13 M =293,SE =0.12
AR, low haptic accessibility M =4.15,SE =0.12 M =422,SE =0.12
VR, high haptic accessibility M =3.03,SE =0.14 M =3.05,SE =0.13
AR, high haptic accessibility M =3.14,SE = 0.14 M =3.84, SE = 0.13
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Data-analysis methods: A PROCESS Model 6 (Bootstrap = 5000) was estimated with
presentation method (AR = 1, VR = 0) as X, perceived haptic gap as My, haptic craving as

My, and review helpfulness as Y.

Table A7. Path coefficients from the chain mediation model (Study 3).

Dependent Variable Predictor B SE t p

Perceived haptic gap Presentation method 0.569 0.100 5.69 <0.001
Haptic craving Presentation method 0376 0.122 3.09  0.002
Haptic craving Perceived haptic gap 0.414 0141 295  0.004
Review helpfulness Presentation method -0.037 0.110 -0.34 0.735
Review helpfulness Perceived haptic gap 0.054 0.132 041 0.684
Review helpfulness Haptic craving 0.706  0.087 8.09 <0.001

Table A8. Direct and indirect effects of presentation method on review helpfulness (Study 3).

Effect Type Path Effect 95% Boot CI
Direct effect AR — review helpfulness —0.04 n.s. (p = 0.735)
Total indirect effect Sum 0.38 [0.20,0.56]
Specific indirect 1 AR — PHG — review helpfulness 0.03 [—0.13,0.20]
Specific indirect 2 AR — HC — review helpfulness 0.27 [0.13,0.41]
Chain-specific indirect AR — PHG — HC — review helpfulness 0.17 [0.08,0.27]

The pre-registered chain (AR — perceived haptic gap — haptic craving — review
helpfulness) is significant, as is the two-step AR — haptic craving — review helpfulness
path. The single-mediator path through perceived haptic gap alone is not significant,
consistent with the theoretical prediction that the appraised gap must be translated through
craving to reach behaviorally relevant downstream evaluations.

PROCESS Model 86 (Bootstrap = 5000) tested whether haptic accessibility moderates
the first stage (presentation method — perceived haptic gap). On perceived haptic gap:
presentation method (AR = 1): B = 0.815, SE = 0.119, t = 6.87, p < 0.001; haptic
accessibility (high = 1): B = 0.153, SE = 0.102, t = 1.50, p = 0.135; presentation x haptic
accessibility: B = —0.536, SE = 0.160, t = —3.35, p = 0.001. The conditional effect of AR
on perceived haptic gap was B = 0.82, t = 6.87, p < 0.001 under low haptic accessibility
and B = 0.28, t = 2.02, p = 0.047 under high haptic accessibility.

Table A9. Conditional chain-specific indirect effects of AR on review helpfulness (Study 3).

Haptic Accessibility Chain Indirect Effect BootSE  95% Boot CI
Low (hands in pockets) 0.24 0.07 [0.11,0.39]
High (air-touch) 0.08 0.04 [0.001,0.17]
Index of moderated mediation —0.16 0.07 [—0.32, —0.04]

The index of moderated mediation is significant, confirming that haptic accessibility
moderates the compensatory chain at its first stage: AR’s amplification of the perceived
haptic gap (and the cascade into haptic craving and review helpfulness) is substantially
larger when touch-related action is blocked than when it is encouraged.

To test whether the compensatory chain generalizes to an unrelated tactile-relevant
choice, we re-estimated PROCESS Model 86 with chair purchase intention substituted as
the dependent variable. A two-way ANOVA on chair purchase intention yielded a non-
significant haptic-accessibility main effect, with F(1,156) = 1.03, p = 0.313, and 17%, = 0.007;
a very large presentation-method main effect, with F(1,156) = 69.01, p < 0.001, and
17% = 0.307; and a significant interaction, with F(1,156) = 4.08, p = 0.045, and 17% = 0.025.
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Table A10. Estimated marginal means for chair purchase intention (Study 3).

Haptic Accessibility Presentation M SE 95% CI

Low VR 2.93 0.12 [2.69,3.17]
Low AR 422 0.12 [3.98,4.45]
High VR 3.05 0.13 [2.80,3.31]
High AR 3.84 0.13 [3.58,4.09]

The interaction pattern parallels the review-helpfulness pattern: the compensatory
state, once activated, generalizes from information reliance (review helpfulness) to a down-
stream tactile-attribute product choice (office-chair softness). The main effect of presenta-
tion method on chair purchase intention (17% = 0.31) is substantially larger than on review
helpfulness (17;27 = 0.05), suggesting that AR'’s effect on purchase-relevant preference for
tactile-attribute products is stronger than its effect on haptic-cue information weighting, at
least in this stimulus context.

Robustness checks confirmed that (a) covariate-adjusted 2 x 2 ANOVAs on review
helpfulness and chair purchase intention (controlling for sex and age band) preserved
all reported main effects and the presentation x haptic accessibility interaction at com-
parable magnitudes and significance levels, with all covariate terms non-significant (all
p > 0.28); (b) an auxiliary PROCESS Model 7 using the manipulation-check composite
as a continuous first-stage moderator converged with the categorical-moderator analysis:
the presentation x haptic accessibility interaction on perceived haptic gap remained sig-
nificant, with a stronger conditional AR effect at higher constraint composite values (i.e.,
lower objective accessibility); and (c) a compliance audit scored each participant as fully or
partially compliant with the haptic-accessibility instruction, with 154 of 160 (96.25%) fully
compliant; re-estimating the focal analyses on the fully compliant subsample produced re-
sults within one decimal place of the full-sample values, confirming that partial compliance
did not meaningfully affect inferences.
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