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Abstract?!

Immersive virtual reality (VR) has been proposed as a way to help respondents value unfamiliar
environmental goods, yet its effects on stated preference validity remain largely untested. Using
a preregistered 2x2 experiment (N=246), we compare fully immersive, multisensory VR with
high-quality video for Amazon rainforest conservation under real and hypothetical donations,
among the first contingent valuation applications of fully immersive VR. Both formats produced
scope-sensitive valuations with comparable elasticities. Neither format reduced hypothetical
bias, with hypothetical willingness to pay (WTP) approximately five times higher than real
donations. Exploratory within-VR analyses show that perceived realism and emotional
engagement were associated with higher hypothetical WTP while real donations remained
stable, whereas presence was associated with stronger scope sensitivity without increasing
hypothetical bias. These findings suggest that immersive technologies reshape stated
preference validity profiles rather than uniformly improving valuation quality, and that high-

quality video may provide a lower-cost alternative for environmental valuation applications.
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1.INTRODUCTION

The Amazon rainforest is approaching ecological tipping points beyond which additional
disturbances could trigger abrupt and potentially irreversible losses in ecosystem services
(Lovejoy and Nobre 2018; Wunderling et al. 2022). Approximately 17% has already been
deforested (Gatti et al. 2021), with projections suggesting that up to 47% may face compounding
disturbances by 2050 (Flores et al. 2024). As the timeline for global commitment to protect 30%
of natural ecosystems by 2030 approaches, accurately valuing the conservation benefits of such
ecosystems is critical for guiding policy and resource allocation. For non-local populations,
these benefits consist predominantly of non-use values — existence, bequest, and altruistic
values — as most individuals will never directly experience the rainforest (Navrud and Strand
2018; Brouwer et al. 2022). Contingent valuation (CV), the primary tool for measuring such non-
market benefits, has long relied on textual descriptions and static images to convey

environmental goods (OECD 2018).

When unfamiliar ecosystems are conveyed through these conventional formats, respondents
may rely on simplified mental representations rather than carefully evaluating environmental
scale or economic trade-offs (Kahneman 2003; Lopes and Kipperberg 2020; Carson 1997). From
a constructed preferences perspective, stated valuations are formed during the elicitation
process using available representational cues, rather than retrieved as fully pre-existing
preferences (Payne, Bettman, and Johnson 1992; Lichtenstein and Slovic 2006). Presentation
format may therefore play a substantial role in how respondents understand unfamiliar

environmental goods and construct valuations for them.

Virtual reality (VR) offers a qualitatively different representational approach by creating
immersive, multisensory experiences that enable more direct perceptual engagement with
unfamiliar environments (Patterson et al. 2017). The implications of this richer form of
representation for valuation validity are particularly relevant to two established challenges in
stated preference methods. The first is scope insensitivity. Economic theory predicts that
willingness to pay (WTP) should increase with the scale of conservation benefits, such that
protecting 50% of the Amazon should be valued more than protecting 20%. Yet respondents do

not always distinguish appropriately between conservation scales, particularly for unfamiliar
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environmental goods with high non-use values (Burrows et al. 2017; Kahneman, Ritov, and
Schkade 1999). The second is hypothetical bias, where respondents systematically overstate
WTP in hypothetical scenarios relative to actual payment contexts (OECD 2018; Penn and Hu
2018). Meta-analyses suggest that hypothetical valuations can exceed real payments by factors
ranging from 1.3 to 14 depending on the good being valued (Haghani et al. 2021a; Schmidt and
Bijmolt 2020; Penn and Hu 2018).

For scope sensitivity, VR’s potential may operate primarily through representational and
cognitive channels. Immersive environments can enhance spatial perception and
understanding of scale (Azarby and Rice 2022; Sun, Wu, and Cai 2019), potentially improving
respondents’ ability to distinguish between conservation outcomes of different magnitudes. The
sense of presence — feeling psychologically “there” in the environment — may further transform
abstract conservation scenarios into more concrete and experientially grounded evaluations
(Steuer 1992; Slater 2009). By providing more standardised environmental representations,
immersive presentation may reduce heterogeneity in how respondents interpret conservation
outcomes relative to abstract descriptive formats (Zhu, Guo, and Zhao 2021), potentially

facilitating clearer differentiation between conservation scales.

At the same time, VR may also heighten the experiential intensity of valuation scenarios by
making them feel vivid, visceral, and psychologically realistic (Slater 2009). This heightened
experiential engagement may encourage deeper involvement with hypothetical valuation tasks,
particularly when considering commitments involving personal resources such as monetary
donations (Lee and Li 2023). However, immersive environments are also known to heighten
emotional engagement and feelings of environmental commitment (Breves and Heber 2020),
which may in turn inflate stated preferences for morally desirable goods such as environmental
conservation, particularly in hypothetical settings where financial constraints remain non-
binding (Kahneman and Knetsch 1992). Under this account, VR could widen rather than narrow
the gap between stated and actual behaviour. Formats that strengthen comprehension of
environmental scale may simultaneously intensify affective engagement with hypothetical
scenarios, creating the possibility that representational improvements benefit some aspects of

validity while weakening others.
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Only one prior study has directly examined VR’s effect on hypothetical bias. Fang et al. (2021)
found evidence that VR may reduce biasin food choice experiments using a computer-generated
grocery store, although the effect was significant only after excluding participants reporting VR-
induced simulator sickness. That study involved familiar private goods with well-defined market
referents, leaving VR’s implications for environmental valuation, where goods may be
psychologically distant, generate predominantly non-use values, and lack market analogues,
untested. More broadly, no study has simultaneously examined how immersive presentation

affects both scope sensitivity and hypothetical bias.

These literatures have developed largely in parallel, with scope sensitivity research focused on
presentation quality and construct validity (Whitehead 2016; Burrows et al. 2017) and
hypothetical bias research focused on consequentiality mechanisms and criterion validity (Penn
and Hu 2018; Penn, Hu, and Ye 2024; Johnston et al. 2017). Studying these dimensions jointly
matters because if immersive technologies improve scope differentiation while amplifying
hypothetical overstatement, the net effect on welfare estimates used in cost-benefit analysis is
ambiguous, and practitioners require guidance on how presentation format choices affect the

reliability of stated preference inputs to policy decisions.

This study addresses these gaps using a preregistered 2x2 between-subjects experiment (N =
246) comparing immersive VR and high-quality video presentations for Amazon rainforest
conservation. It also provides one of the first CV applications of fully immersive, multisensory
VR. Participants were randomly assigned to VR or video conditions and further randomised into
real or hypothetical donation conditions, enabling direct measurement of both scope sensitivity
and hypothetical bias within the same experimental framework. The VR condition employed 360°
footage, interactive navigation, spatial audio, and controlled environmental conditions, while
the video condition presented identical informational content in 2D format, isolating the effect
of immersive presentation while holding content constant. Both conditions elicited WTP for
conservation programmes protecting 20% and 50% of the Amazon, with the order of scope levels

randomised within each cell.

The results suggest that immersive technologies influence different dimensions of stated
preference validity through distinct experiential pathways. Both VR and video produced scope-

sensitive valuations with empirically similar elasticities, indicating that clear visual
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communication of environmental scale may be sufficient for eliciting scope-sensitive
valuations. However, VR did not reduce hypothetical bias relative to video, and within-VR
analyses reveal that emotional engagement and perceived realism were associated with higher
hypothetical WTP without proportionate increases in real donations. Together, these findings
suggest that immersive technologies reshape the validity profile of stated preferences rather

than uniformly improving valuation quality.

The remainder of the paper is organised as follows. Section 2 reviews the literature on scope
sensitivity, hypothetical bias, and VR in stated preference methods. Section 3 describes the
experimental design and empirical strategy. Section 4 presents the results, including exploratory
analyses of experiential moderators. Section 5 discusses implications, limitations, and

directions for future research, and Section 6 concludes.

2.BACKGROUND

2.1. Validity Challenges in Stated Preference Methods

Scope sensitivity remains a persistent validity challenge in stated preference valuation,
particularly for non-use environmental goods. Burrows et al. (2017) found that 27 of 59 studies
examining non-use values failed external scope tests, with WTP failing to increase significantly
with the scale of the good being valued, including 7 of 11 forest valuation studies. Several
explanations have been proposed, including diminishing marginal utility and warm glow
motivations whereby respondents derive utility from the act of contributing rather than from the
environmental outcome itself (Rollins and Lyke 1998; Kahneman and Knetsch 1992). Most
relevant to the present study is representational inadequacy, which may be especially
problematic when respondents have limited familiarity with the environmental good (Heberlein
et al. 2005). When unfamiliar environmental goods are conveyed through text and static images,
conservation scenarios may become cognitively compressed into relatively undifferentiated
categories, weakening scope discrimination (Tversky and Kahneman 1974; Lopes and

Kipperberg 2020).

The hypothetical bias literature documents a second, distinct validity concern. A central

explanation is the absence of binding economic consequences. When respondents recognise
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that their choices carry no real financial commitment, they may engage less carefully with
economic trade-offs (Johnston et al. 2017; Zawojska, Bartczak, and Czajkowski 2019). Existing
mitigation approaches therefore seek to strengthen consequentiality through cheap talk scripts,
solemn oaths, budget reminders, and ex-post certainty corrections (Cummings and Taylor 1999;
Haghani et al. 2021b). Recent evidence, however, suggests that such techniques should be
applied cautiously, as solemn oaths and certainty adjustments may themselves alter WTP when
applied in consequential settings (Chopra and Vossler 2026). Beyond consequentiality,
however, hypothetical bias may also reflect affective and moral motivations. Respondents may
derive utility from expressing support for conservation itself rather than from the underlying
environmental outcomes, particularly in hypothetical settings where financial constraints
remain non-binding (Johansson-Stenman and Svedsater 2012; Shan et al. 2023). This affective
channel becomes especially relevant when considering presentation technologies that heighten

emotional engagement with environmental scenarios.

2.2. Virtual Reality as a Presentation Technology

The theoretical channels through which immersive presentation may affect scope sensitivity and
hypothetical bias, outlined above, have limited empirical support. For scope sensitivity — where
immersive presentation may operate through representational and cognitive channels — visual
aids such as graphical risk displays have been associated with modest improvements in scale
discrimination (Corso, Hammitt, and Graham 2001). In stated preference contexts, immersive
environments have been linked to reduced decision error and improved choice consistency

relative to conventional formats (Bateman et al. 2009; Birenboim et al. 2019).

In the study most closely related to the present research, Mokas et al. (2021) found that
immersive VR increased respondents’ stated certainty and reduced error variance in a discrete
choice experiment on urban green infrastructure, with VR displaying the lowest error variance
among text, video, and VR formats. They also found that presentation format significantly
affected WTP estimates, including preference reversals between text and multimedia
conditions, although the study did not test scope sensitivity directly. Whether these findings
extend to fullyimmersive VR with multisensory enhancementsin a CV setting, and whether these

improvements translate into greater scope sensitivity remains untested.
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For hypothetical bias, where the predicted direction of VR’s effect is theoretically ambiguous,
direct evidence is more limited. Fang et al. (2021) conducted the only direct test, using a
between-subjects experiment that varied both the elicitation method (hypothetical vs. non-
hypothetical) and the presentation format (text, pictures, or a computer-generated VR grocery
store) for food choices. In the non-hypothetical treatments, one of the participants’ choice sets
was randomly selected as binding, requiring actual purchase at the stated price. They found that
VR produced the smallest hypothetical bias among all hypothetical conditions, although the
differences across hypothetical formats were not statistically significant in the full sample. After
excluding participants reporting VR-induced simulator sickness, the difference between the
hypothetical VR treatment and the non-hypothetical benchmark was no longer statistically

significant for one product category.

Several features of their design limit generalisability to the present context. The study involved
familiar private goods with well-defined market referents, used computer-generated rather than
360° filmed environments, and employed a choice experiment rather than a CV framework. For
unfamiliar environmental goods characterised by arguably greater psychological distance and
generating predominantly non-use values, the mechanisms through which immersive
presentation affects the hypothetical-real gap may differ substantially. More broadly, studies
examining VR and pro-environmental behaviour report heterogeneous effects across contexts
and outcome measures, with immersive experiences often increasing stated intentions but
producing inconsistent effects on actual behaviour (Nelson, Anggraini, and Schliter 2020;

Banerjee and Ferreira 2024).

2.3. Empirical Predictions

The preregistered analysis examines both scope sensitivity and hypothetical bias. First, the study
tests whether WTP varies with conservation scope and whether the degree of scope
responsiveness differs between VR and video. If immersive environments improve respondents’

comprehension of environmental scale, VR may strengthen scope sensitivity relative to video.

Second, the study examines whether hypothetical WTP differs from real donation behaviour and
whether this gap varies across presentation formats. As discussed above, the predicted

direction of VR’s effect on hypothetical bias is theoretically ambiguous. If immersive
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presentation makes hypothetical scenarios feel more psychologically consequential, VR may
narrow the hypothetical-real gap. Ifinstead VR primarily amplifies affective responses to morally

desirable goods, it may widen this gap.

Third, exploratory analyses investigate heterogeneity within VR responses by examining whether
experiential features — presence, perceived realism, and emotional engagement — moderate
scope sensitivity and hypothetical bias differently. These analyses are intended to provide
insight into potential experiential pathways associated with valuation behaviour within VR. As
experiential measures are collected post-treatment, the findings are interpreted as associations

rather than causal mediation effects.

3.METHODS

The study was preregistered and approved by the Research Ethics Review Board of the London
School of Economics and Political Science. All procedures adhered to the Board’s ethical

guidelines and regulations.?

3.1. Virtual Reality and Video Design

The core stimulus was developed by combining selected excerpts from multiple third-party
immersive 360° audiovisual sources depicting the Amazon rainforest with researcher-created
visual and interactive elements.2® The audiovisual components were assembled in Final Cut Pro,
with selected material upscaled from 2K to 4K resolution using Topaz Labs to enhance visual
clarity. The production was subsequently assembled in 3DVista Pro and deployed to an offline
server, incorporating spatial audio and interactive hotspots containing facts about the Amazon

ecosystem.

The resulting stimulus followed a nine-minute structured narrative, a duration chosen to allow
sufficient spatial immersion while minimising motion sickness risks that increase beyond ten
minutes (Zhang et al. 2018; Chang, Kim, and Yoo 2020). Using a Meta Quest 3 headset,
participants were presented with diverse Amazon ecosystems featuring wildlife encounters,

indigenous community interactions, river journeys, and contrasting scenes of logging and

2The preregistration is available at https://osf.io/8fj3d/overview.
3 Further documentation of the VR stimulus is provided in the Online Appendix (Section A.3).
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deforestation. The experience culminated in a Google Earth-style globe visualisation presenting
two conservation scenarios — protecting 20% or 50% of the Amazon — with the viewing scale
automatically adjusting to show the geographical extent of each protection level. The

presentation order of these scenarios was randomised across participants.

The VR condition was implemented within an environmentally controlled setting where humidity
was set at 70%, temperature at 32°C, and a custom petrichor scent accord was used to recreate
the smell of rain and wet soil. These multisensory elements were included to create a fully
immersive and experientially coherent VR environment, allowing the study to examine immersive
presentation as an integrated experience rather than isolating individual sensory components.
While spatial visualisation is most directly relevant to conveying conservation scale, the
additional sensory elements reflect the broader multisensory nature of immersive VR.
Participants could navigate freely using head movements for 360° views, zoom using a joystick,
and interactwith information hotspots via gaze-based selection or controller pointing. Audio was
delivered through the headset’s integrated speakers. Unlike the computer-generated VR
environments used in prior stated preference studies (Fang et al. 2021; Mokas et al. 2021), the
present VR treatment combined 360° footage with multisensory environmental controls,

reflecting contemporary immersive VR capabilities rather than visual immersion alone.

The video condition presented identical informational content in full high-definition 2D format
on an iPad. A predetermined viewing path presented all hotspots at fixed timestamps, ensuring
informational parity while restricting navigation to a fixed sequence. Video duration matched the
nine-minute VR session with playback controls disabled. The video preserved all key

environmental features and audio but omitted VR’s climate controls and petrichor scent.

3.2. Experimental and Survey Design

The experiment used a 2x2 factorial design crossing presentation medium (VR vs. video) with
donation type (real vs. hypothetical). The ordering of conservation programmes (20% vs. 50%)
was randomised as a control measure rather than treated as an explicit factor, helping to

account for potential ordering effects (Day et al. 2012; Halvorsen 1996; Clark and Friesen 2008).4

4Totest for potential ordering effects, a mixed-effects model with participant random intercepts included Order and
the Scope x Order interaction. Neither the main effect of Order (p = 0.481) nor the interaction term (p = 0.103) was
statistically significant.
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Participants were independently randomised to presentation medium, donation condition, and
scenario order, with session scheduling balanced across morning and afternoon slots to control
for time-of-day effects (Nelson, DeVries, and Prendergast 2024). The resulting cell sizes varied

minimally (Figure 1).

Figure 1-Randomisation
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The survey followed question sequencing consistent with established CV best practices
(Johnston et al. 2017).> After consent, all participants completed a two-minute non-
environmental VR scenario of a virtual tour of the Alhambra in Spain, designed to standardise
technological familiarity and mitigate novelty effects (Miguel-Alonso et al. 2023). An attitudinal
section then assessed environmental concern, followed by knowledge and behavioural

questions.

Inthe valuation section, participants experienced the VR orvideo presentation and then provided
WTP values for both the 20% and 50% conservation scenarios. Those in the real donation
condition were informed that one of their two bids would be randomly selected as binding for
payment to the World Wide Fund for Nature (WWF).® Upon completing the experiment,
participants in this condition fulfilled their binding donation through a personalised link and
received a WWF certificate confirming their contribution. Those in the hypothetical condition
provided non-binding valuations. To maintain procedural equivalence, both conditions received

a cheap talk script cautioning about potential overestimation and a budget reminder

5The full survey is presented in the Online Appendix (Section A.1).
6 Donations were made directly to WWF-UK.

10
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emphasising the implications for disposable income (Cummings and Taylor 1999). Participants
also rated their certainty about their stated donation on a 1-10 scale, which was subsequently
used for ex-post certainty-correction robustness checks. The session concluded with questions
on motivations for WTP, VR experience and debriefing measures, and demographics. Strict
protocols ensured experimental integrity, with the researcher maintaining neutral language

throughout and following a standardised script across all sessions.’

3.3. Data Collection and Sample

Participants were recruited through the LSE Behavioural Research Lab from a panel of over 3,000
participants. Each received £10 in Amazon.co.uk gift vouchers as compensation and was
entered into a lottery for a £25 Amazon.co.uk gift voucher. Separate experimental rooms were
maintained for the VR and video conditions throughout data collection. To prevent unintended
influence on expectations, the study was advertised using neutral language, avoiding priming
terms such as “VR” or “virtual environment” (Orne 1962). Following a pilot study (N = 35)
confirming technical functionality, the main data collection occurred from December 2024 to

April 2025.

After data cleaning, the final analytical sample comprised 246 participants with 492
observations. Protest respondents (N = 26), identified as respondents reporting zero WTP values
accompanied by justifications expressing organisational distrust rather than true zero
valuations, were excluded (OECD 2018). Speedsters (N = 14), defined as responses completed
in less than 17 minutes and 30 seconds — the minimum plausible engagement time given the
fixed nine-minute stimulus — were excluded.? Outliers (N = 3) above the 99th percentile (£100)
were removed, a threshold consistent with inflation-adjusted estimates from a comparable
Amazon conservation study (Horton et al. 2003). Although not representative of the general
population, the predominantly university-based sample provides a controlled setting for testing
the relative effects of presentation formats on valuation behaviour, which is the study’s primary

objective.

7The standardised script is presented in the Online Appendix (Section A.2).
8 This threshold was derived by summing minimum plausible engagement time: 30 seconds (consent), 9 minutes
(fixed-duration media exposure), 3 minutes (VR pre-exposure), and 5 minutes (main survey).

11
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3.4. Manipulation Checks

Three manipulation checks were used to verify that VR created a psychologically distinct
experience from video. They measured dimensions identified as theoretically relevant in the VR
literature (Slater 2009; Slater et al. 2020). Presence was assessed using “Feeling of being in the
rainforest” rated on a scale of 0 (not at all) to 7 (extremely), capturing participants’ subjective
sense of psychologicalimmersion (Steuer 1992). Emotional engagement was measured through
“To what extent did you feel emotionally moved by the rainforest experience?” (0 =not atall, 7 =
extremely). Perceived realism was measured via “How do you find the overall survey? Is it
realistic?” (0 = definitely not, 7 = definitely yes). This measure captures a broad assessment of
the realism and credibility of the overall survey and valuation experience, rather than the realism
of the virtual environment alone, a point considered when interpreting the exploratory analyses.
These measures were subsequently used in exploratory analyses examining within-VR

heterogeneity.

3.5. Empirical Strategy

Although scope sensitivity and hypothetical bias capture conceptually distinct validity
dimensions, both analyses involve corner-solution donation behaviour and strongly right-
skewed positive WTP values, motivating a common estimation framework. Given that true zero
WTP responses comprised 26% of the data after excluding protestresponses, all models employ
a two-part hurdle framework (Cragg 1971).° The first stage models the participation decision
using a probit specification. The second stage models conditional WTP among positive
responses using a generalised linear model (GLM) with Gamma distribution and log link to
accommodate the right-skewed distribution of positive donations (Wooldridge 2010). This two-
part structure allows different factors to influence participation and amount decisions, and has
been adopted in CV research (Fosgerau and Bjgrner 2006; Chu et al. 2020; Guo et al. 2023). An
OLS specification with log-transformed WTP was estimated as a robustness check. The two

stages are specified as follows:

P(WTP; > 0) = ®(ay + a;VR; + a,Scope;; + asDonation; + a,Interaction;, + §'Z;)

% Refer to the Online Appendix (Section D.1) for visual and Shapiro-Wilk test diagnostics of distributional
assumptions.

12
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(Participation stage)
log(E[WTP;; | WTP;; > 0]) = By + BiVR; + B,Scope;j + BsDonation; + Byinteraction; + I'Z;

(Conditional WTP stage)

Two specifications are estimated. In the scope sensitivity specification (Table 3, columns 1-2),
the interaction term corresponds to VR; X Scope;;, testing whether VR alters responsiveness to
conservation scale. In the hypothetical bias specification (Table 3, columns 3-4), it corresponds
to VR; X Donation;, testing whether VR moderates the gap between hypothetical and real
payment behaviour. Because the two specifications correspond to the preregistered tests of
scope sensitivity and hypothetical bias, they are retained as the primary analyses. To examine
additional interactions arising from jointly considering both validity dimensions, a fully
interacted specification is reported in the Online Appendix (Table A34) and yields substantively
similar results. VR; indicates VR treatment (0 = video), Scope;; indicates the 50% conservation
scenario (0 = 20%), Donation; indicates real payment (0 = hypothetical), and Z; is a vector of
controls including environmental concern, knowledge, behaviour, gender, education, and log

income.

Bootstrap standard errors (2,000 replications) account for clustering of observations within
participants. Hypotheses are tested using combined average marginal effects (AME) from the
two-part model, integrating both participation and conditional amount decisions. Scope
sensitivity is quantified using arc scope elasticity:

_awre  Q
Wree = Tag " wrp

where AQ = 0.30, representing the change from 20% to 50% conservation, and the bar notation
denotes midpoint values. Elasticity values between 0 and 1 indicate partial scope sensitivity,
with empirical benchmarks ranging from 0.15 to 0.88 across environmental applications
(Whitehead 2016; Kipperberg et al. 2024). Hypothetical bias is measured using calibration
factors (CF), defined as the ratio of mean hypothetical to mean real WTP (Penn, Hu, and Ye

2024), where CF > lindicates hypothetical overstatement.

Exploratory within-VR analyses examine whether experiential features such as presence,

emotion, and realism moderate scope sensitivity and hypothetical bias. Each moderator is

13
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analysed in a separate specification to estimate its overall association with valuation behaviour.
Presence, realism, and emotional engagement represent related but conceptually distinct
dimensions of the immersive experience (Jung and Lindeman 2021) and are moderately
correlated in the data (r = 0.50-0.70), reflecting their shared origins in the immersive
experience. Separate specifications therefore estimate each dimension’s association with
valuation behaviour without conditioning on the other experiential dimensions, whereas a
combined specification estimates only the unique partial association of each moderator
conditional on the others. As the moderators capture overlapping aspects of immersion, the
combined specification produces less precise interaction estimates, as reflected in the Online

Appendix (Tables A19-A20).

4.RESULTS

4.1. Descriptive Statistics and Manipulation Check

The final analytical sample comprised 246 participants and 492 observations (two scope levels
per participant). The sample was predominantly female (68.7%), young (52.9% aged 18-24), and
highly educated, with 89.4% currently pursuing or having obtained at least a bachelor’s degree.
Balance tests indicated that treatment groups were generally balanced on observable
characteristics, although the real donation group had higher education attainment and
marginally higher environmental knowledge, and a higher proportion of females. These variables

are included as controls in all specifications.?®

Manipulation checks confirmed that VR created a distinct experience from video across all three
experiential dimensions (Table 1). The largest difference emerged for presence, reflecting a shift
from moderate to high immersion. Emotional engagement and perceived realism showed
smaller but statistically significant increases. These results confirm that the experimental
manipulation successfully altered participants’ experiential responses, consistent with previous

VR research (Mancuso et al. 2023; Gilpin, Gain, and Lipinska 2021).

Table 1: Manipulation Checks for VR Treatment

Variable Video Mean VR Mean Diff. p-value

O Full summary statistics and balance test tables are presented in the Online Appendix (Tables A2-A3).

14
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Presence 3.778 5.264 1.486*** <0.001
Realism 4.906 5.248 0.342** 0.023
Emotion 4.350 4.736 0.386** 0.036
Participants 117 129 - -

Notes: All variables measured on scales from 0 to 7. One-tailed tests. *p < 0.1; **p < 0.05; ***p < 0.01.

Table 2 presents mean and median WTP by treatment cell. Both formats exhibited scope-
sensitive valuations. Mean WTP increased by 67% for video and 77% for VR when conservation
expanded from 20% to 50%, while median WTP increased from £3 to £5 in both formats. Real
donations consistently produced lower estimates, with calibration factors ranging from 4.56 to

5.30, indicating substantial hypothetical bias.

Table 2: Willingness to Pay by Treatment Conditions (£)

Scope Format Hypothetical Real Mean Median CF
Donation (£) Donation (£) (£) (£)
20% Video 10.34(1.47) 2.27(0.37) 6.27(0.84) 3.00 4.56
VR 12.00 (1.41) 2.33(0.44)  7.20(0.85) 3.00 5.15
50% Video 17.53(2.37) 3.56(0.66) 10.49(1.38) 5.00 4.92
VR 21.35(2.56) 4.03(0.73) 12.76(1.54) 5.00 5.30

Notes: Standard errors in parentheses. CF = calibration factor (mean hypothetical / mean real WTP). WTP
did not differ significantly between VR and video regardless of scope (p = 0.276; p = 0.440) or donation
type (p = 0.649; p =0.193).

4.2. Scope Sensitivity

Table 3 presents AMEs from two specifications, with columns (1) and (2) reporting scope
sensitivity while (3) and (4) reporting hypothetical bias. At the population level, WTP increased
by £4.61 for the larger conservation area, indicating scope-sensitive valuations across the full
sample. The corresponding arc scope elasticity of 0.583 falls within the empirical range of 0.15-
0.88 identified across environmental valuation studies (Whitehead 2016), indicating partial
scope sensitivity.?* Control variables generally exhibited expected relationships with
participation and donation behaviour, broadly consistent with previous forest valuation studies

(Horton et al. 2003; Mendonca and Tilton 2000; Ariyo, Okojie, and Ariyo 2018).

Table 3: Average Marginal Effects — Two-Part Hurdle Model

Scope Sensitivity Hypothetical Bias

1 Scope elasticity = (AWTP/AQ) x (Q/WTP) = (4.61/0.30) x (0.35/9.22) = 0.583.
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(1) (2) (3) (4)
Variables Probit Population Probit Population
Scopejj 0.056*** 4.610*** 0.056*** 4.705%**
(0.019) (0.673) (0.019) (0.706)
VRi 0.050 1.450 0.051 1.808
(0.049) (1.127) (0.049) (1.207)
Donation -0.301*** -14.428*** -0.309*** -12.939***
(0.046) (1.855) (0.049) (1.397)
VRi x Scopej 0.002 0.866
(0.039) (1.272) - B
VRi x Donationi 0.065 -2.284
- B (0.100) (2.640)
Env. Concern 0.043** 0.809 0.043** 0.773
(0.020) (0.574) (0.020) (0.562)
Env. Knowledge 0.046** 0.903 0.046** 0.924
(0.022) (0.568) (0.021) (0.580)
Env. Behaviour 0.021 0.129 0.022 0.130
(0.027) (0.835) (0.027) (0.832)
Male -0.084 -0.938 -0.084 -1.017
(0.056) (1.669) (0.055) (1.697)
Education 0.010 1.895** 0.008 1.981**
(0.034) (0.837) (0.035) (0.827)
Log Income 0.058*** 1.702*** 0.059*** 1.691***
(0.019) (0.579) (0.019) (0.575)

Notes: Dependent variables: Probit models whether WTP>0; population-level models unconditional WTP
in£. Bootstrapped standard errors in parentheses (2,000 replications); N=462 (30 observations excluded
due to missing income data). Probit columns report AMEs on participation probability. Population
columns report combined AMEs in £. —indicates variable notincluded in specification. Conditional AMEs
of Scope: video =4.149 (p < 0.01), VR=5.014 (p < 0.01). Conditional AMEs of Donation: video = -11.722
(p<0.01),VR=-14.006 (p <0.01). *p<0.1; **p < 0.05; ***p < 0.01.

The conditional AMEs reveal that both formats achieved significant scope sensitivity, with video
participants increasing WTP by £4.15 and VR participants by £5.01. The corresponding scope
elasticities were 0.576 and 0.588, respectively.'? Importantly, the interaction between VR and

Scope was not statistically significant (£0.87), indicating that while both presentation formats

2These subgroup elasticities are calculated separately within each presentation format and therefore differ slightly
from the pooled sample elasticity reported above. Scope elasticity = (AWTP/AQ) x (Q/WTP) = (4.15/0.30)
(0.35/8.40) = 0.576 for video and (5.01/0.30) x (0.35/9.94) = 0.588 for VR.
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elicited scope sensitivity, VR did not significantly amplify responsiveness to conservation scale

relative to video.®®

4.3. Hypothetical Bias

Columns (3) and (4) of Table 3 present results from the hypothetical bias specification. At the
population level, participants donated £12.94 less when facing real financial consequences,
reflecting substantial hypothetical bias. The overall calibration factor of 5.36 indicates that
participants stated WTP approximately five times the actual donations, within the empirical
range documented across valuation studies (Penn and Hu 2018).* By presentation format, video
participants exhibited a gap of £11.72 with a calibration factor of 5.13, while VR participants
showed a slightly larger gap of £14.01 with a calibration factor of 5.62.°

The VR x Donation interaction was not statistically significant (-£2.28), indicating that VR did not
reduce hypothetical bias relative to video. This result remained robust across certainty-
correction thresholds (27, 28, and 29), with the VR x Donation interaction remaining non-
significant under all specifications (see the Online Appendix Table A6).* If immersive realism
and psychological engagement strengthen economic consequentiality, one would expect a
narrower gap between hypothetical and real contributions in the VR condition. Instead, VR
altered the psychological experience of the valuation task without reducing hypothetical bias.
However, because VR substantially altered participants’ experiential responses, average
treatment effects may conceal heterogeneity associated with experiential intensity withinthe VR
condition. The following section therefore examines whether experiential dimensions are

differentially associated with scope sensitivity and hypothetical bias within the VR condition.

4.4. Within-VR Heterogeneity

While average treatment effects did not differ significantly across formats, exploratory within-VR

analyses reveal important heterogeneity. Tables 4 and 5 examine whether three experiential

13 Separate analyses within the VR condition indicated positive scope responsiveness under both hypothetical and
real donation conditions, although the magnitude was substantially smaller under binding payment. Full results are
reported in the Online Appendix (Table A16).

14 CF = Hypothetical/Real = 15.86/2.96 = 5.36.

15 CF = Hypothetical/Real = 14.56/2.84 = 5.13 (video); 17.04/3.03 = 5.62 (VR).

8 As a further test parallel to Mokas et al. (2021), stated certainty in donation amounts did not differ significantly
between VR and video for either the 20% or 50% conservation scenario (p = 0.444 and p = 0.269, respectively).
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dimensions — presence, emotion, and realism — moderate scope sensitivity and hypothetical
bias, respectively, with each moderator analysed in a separate specification as described in
Section 3. These dimensions capture complementary aspects of the immersive experience,
with presence reflecting the sense of “being there”, emotion capturing the intensity of affective
response, and realism reflecting the participants’ overall assessment of the credibility and

realism of the valuation experience.

Table 4 presents the scope sensitivity moderator results. Presence and realism significantly
moderated scope sensitivity within VR. Each additional unit of perceived realism was associated
with a £1.33 increase in the WTP response to the larger conservation scope, and each unit of
presence with a £1.03 increase. At the highest realism level (7), participants increased WTP by
£8.02 for the larger conservation area, compared to a non-significant £1.38 at the lowest level
(2). A similar gradient emerged for presence, ranging from -£0.07 at the lowest level to £7.14 at

the highest. Emotion did not significantly moderate scope sensitivity.

Table 4: Within-VR Heterogeneity in Scope Sensitivity

(1) (2) (3)
Variables Presence Emotion Realism
Scopej 5.027*** 4.971*** 4,929***
(1.052) (1.027) (1.030)
Donationi -16.018*** -16.165*** -15.784***
(3.018) (3.074) (2.859)
Experiential Dimension 0.573 0.886 1.379*
(0.750) (0.637) (0.767)
gf:f; i:,-f;p eriential 1.030** 0.569 1.328**
(0.482) (0.511) (0.629)
Controls Yes Yes Yes

Notes: Dependent variable is unconditional WTP in £, with table showing population-level AMEs within
the VR condition. Bootstrapped standard errors in parentheses (2,000 replications); N=246 observations
(12 observations excluded due to missing income data). Each column estimates a separate model
interacting the named experiential dimension with conservation scope. “Experiential dimension” refers
tothe column-heading variable. Controls as in Table 3 with full specification in the Online Appendix (Table
A24). Conditional AME of Scope at lowest/highest moderator values — Presence: -0.074 (p > 0.05) /
7.137; Emotion: 2.659 (p > 0.05) / 6.642 (p < 0.01); Realism: 1.380 (p > 0.05) /8.019 (p < 0.01). *p < 0.1;
**pn <0.05; ***p < 0.01.

7 A combined specification is reported in the Online Appendix (Tables A19-A20).
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Table 5 presents the hypothetical bias moderator results. In contrast to the scope sensitivity
results, emotion significantly amplified hypothetical bias, with each additional unit of emotional
intensity corresponding to a £2.85 increase in the gap between hypothetical and real donations.
Perceived realism had a marginally significant effect (£2.58), while presence did not significantly

moderate hypothetical bias.

Table 5: Within-VR Heterogeneity in Hypothetical Bias

(1) (2) (3)
Variables Presence Emotion Realism
Scopej 5.059*** 5.159*** 4.906***
(1.052) (1.081) (1.022)
Donationi -13.790*** -14.625*** -13.700***
(2.086) (2.207) (2.007)
Experiential Dimension 0.654 1.349* 1.566*
(0.873) (0.703) (0.950)
g%z::g; Experiential ~1.425 ~2.845%* ~2.583*
(1.496) (1.417) (1.492)
Controls Yes Yes Yes

Notes: Dependent variable is unconditional WTP in £, with table showing population-level AMEs within
the VR condition. Bootstrapped standard errors in parentheses (2,000 replications); N=246 (12
observations excluded due to missing income data). Each column estimates a separate model
interacting the named experiential dimension with donation type. “Experiential dimension” refers to the
column-headingvariable. Controls as in Table 3with full specificationin the Online Appendix (Table A25).
Conditional AME of Donation at lowest/highest moderator values — Presence: -6.583 (p > 0.05) / -16.559
(p<0.01); Emotion: -2.730 (p > 0.05)/ -22.645 (p <0.01); Realism: -6.082 (p > 0.05) / -19.000 (p < 0.01).
*n<0.1; **p <0.05; ***p < 0.01.

These results are consistent with an asymmetric affective amplification pattern, decomposed in
Table 6. As emotional intensity increases from low (0) to high (7), hypothetical donations
increase from £7.54 to £25.20, while real donations decrease from £4.81 to £2.56. The
difference-in-differences estimate of £19.92 indicates that greater emotional engagement
amplifies stated WTP without a corresponding increase in actual contributions. A similar pattern
emerges for perceived realism, where hypothetical donations increase by £13.31 as realism
rises, while real donations remain nearly constant (+£0.40), yielding a difference-in-differences

estimate of £12.92. Figure 2 illustrates these diverging trajectories. Parallel within-video
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analyses showed no significant moderation of hypothetical bias by any experiential dimension

(see the Online Appendix Table A21).

Table 6: Within-VR Decomposition of Hypothetical and Real Donations (£)

Hypothetical Real Hypothetical
Donation (£) Donation (£) Bias (£)
Panel A: Emotion
Low Emotion (0) 7.54** 4.81 2.73
(3.06) (6.06) (6.97)
High Emotion (7) 25.20*** 2.56*** 22.65***
(5.18) (0.73) (5.13)
Change (High - Low) 17.66** -2.26
(7.30) (6.50)
Difference-in-
Differences 19.927
(9.92)
Panel B: Realism
Low Realism (2) 8.86*** 2.78* 6.08*
(3.07) (1.59) (3.59)
High Realism (7) 22.18*** 3.18*** 19.00***
(5.00) (0.79) (4.90)
Change (High - Low) 13.31* 0.40
(7.22) (2.03)
Difference-in-
Differences 12.927
(7.46)

Notes: Bootstrapped standard errors in parentheses (2,000 replications). Hypothetical Bias =

Hypothetical - Real donation. Difference-in-differences tests whether emotion/realism amplifies
hypothetical bias. Conditional predictions are evaluated at the observed minimum and maximum values
of each experiential dimension. Emotion ranged from 0-7, while the minimum observed realism score
was 2. *p<0.1; **p <0.05; ***p <0.01.
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Figure 2: Within-VR Predicted WTP by Experiential Intensity: Hypothetical vs Real Donations

Predicted WTP (£)

Predicted WTP (£)
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Notes: No participants selected ‘0’ or ’1’ for realism level. Predicted WTP from the two-part hurdle model
within the VR condition. Hypothetical donations (blue) diverge from real donations (red) as experiential
intensity increases. 95% confidence intervals shown.

A combined specification including all three experiential dimensions and their interactions,

reported in the Online Appendix (Tables A19-A20), yields substantively similar conditional

marginal effects, although individualinteraction terms are attenuated by shared variance among

the moderators. Additional exploratory analyses reported in the Online Appendix (Tables A17-

A18) examined physiological discomfort and prior VR experience as potential moderators.
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Higher discomfort reduced scope sensitivity, consistent with perceptual disruption impairing
respondents’ ability to differentiate conservation scales, but did not moderate hypothetical bias.
Prior VR experience moderated neither dimension, providing no evidence that prior VR
experience drove the observed patterns. These findings also contrast with Fang et al. (2021),
where VR effects on hypothetical bias emerged only after excluding participants reporting

simulator sickness.

Taken together, these findings suggest that different experiential dimensions influence distinct
aspects of stated preference validity. Presence and perceived realism were associated with
stronger scope differentiation, whereas emotional engagement was primarily associated with
hypothetical overstatement. Perceived realism was the only experiential dimension linked to
both validity criteria, strengthening scope sensitivity while simultaneously amplifying

hypothetical bias.

4.5. Robustness Checks

The main findings were confirmed through a series of robustness checks reported in the Online
Appendix (Section D). These include an OLS specification with log-transformed WTP, interval
regression for hypothetical payment-card responses, functional-form and residual diagnostics,
and sensitivity to the inclusion of outlier, speedsters, and protest respondents. All primary
results, including the absence of a significant difference in scope sensitivity across formats,
substantial hypothetical bias in both conditions, and the within-VR pattern of affective
amplification, remained robust across specifications, suggesting that the multidimensional

pattern of validity effects is not driven by modelling assumptions or sample exclusions.

5.DISCUSSION

5.1. Main Findings

This study provides the first assessment of how fully immersive VR affects both scope sensitivity
and hypothetical bias in CV using a preregistered experiment. At the average treatment level, VR
and video produced comparable scope-sensitive valuations with empirically plausible

elasticities, and hypothetical bias did not differ significantly between formats. Both calibration
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factors fell within the empirical range documented by Penn and Hu (2018), and this result

remained robust to certainty corrections at multiple thresholds.

These aggregate effects conceal important heterogeneity within the VR condition. The three
experiential dimensions were associated differently with scope sensitivity and hypothetical bias,
suggesting that immersive presentation influences distinct dimensions of stated preference
validity through different pathways. The following sections examine these patterns in greater

detail.

5.2. Experiential Dimensions and Stated Preference Validity

5.2.1. Presence and Representational Processing

Presence was associated with stronger scope sensitivity, unlike emotional engagement,
suggesting that scope differentiation within VR is more consistent with representational rather
than affective channels. Participants reporting stronger feelings of “being there” showed
stronger differentiation between conservation scales, a pattern consistent with spatial
comprehension and scale visualisation as plausible cognitive pathways underlying scope

sensitivity.

This interpretation aligns with the constructed preferences framework (Payne, Bettman, and
Johnson 1992; Lichtenstein and Slovic 2006), in which respondents construct valuations during
the elicitation process using available informational cues. Greater presence may strengthen this
process by making conservation scale differences more concrete and perceptually accessible,
helping respondents translate perceived differences in scale into correspondingly differentiated

valuations.

The equivalence between VR and video at the average treatment level nevertheless suggests a
task-specific threshold for scope differentiation. Although less immersive, the video condition
presented the same environmental content and key spatial cues, and these appear sufficient for
participants to distinguish meaningfully between protecting 20% and 50% of the Amazon
rainforest. Once conservation scale differences become visually comprehensible, additional
sensory immersion may not further strengthen scope discrimination. A secondary, more
speculative explanation for the absence of an average VR advantage concerns breaks in

presence. VR may create expectations of multisensory coherence that can be disrupted by
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contradictory environmental cues, such as ambient room conditions or external sounds
inconsistent with the virtual environment (Slater and Steed 2000). Such disruptions may
attenuate the potential representational advantages of immersion for some participants, helping
to explain why stronger presence was associated with scope sensitivity within VR without

translating into a significant average advantage over video.

This association between presence and scope sensitivity extends prior research identifying
presence as a pathway through which VR influences pro-environmental responses (Ahn,
Bailenson, and Park 2014). Notably, however, presence did not significantly moderate

hypothetical bias, distinguishing it from the other experiential dimensions examined below.

5.2.2. Emotional Engagement and Affective Amplification

Emotional engagement showed the opposite pattern. It did not significantly moderate scope
sensitivity, consistent with evidence that emotionally engaging immersive content does not
necessarily translate into stronger valuation responses or behavioural change (Martingano et al.
2023), but showed the strongest moderation pattern for the gap between hypothetical and real
donations.?® As emotional intensity increased, hypothetical donations rose substantially while

real donations remained relatively stable.

If immersive presentation strengthened economic consequentiality, one would expect a
narrower gap between hypothetical and real contributions. Instead, the observed pattern
suggests that emotional intensity amplified hypothetical valuation without proportionally
affecting behaviour under real financial constraints. In hypothetical contexts where budget
constraints are non-binding, participants reporting stronger emotional responses may have
responded primarily to affective intensity and anticipated moral satisfaction rather than
opportunity costs (Johansson-Stenman and Svedsater 2012), consistent with warm glow effects

(Kahneman and Knetsch 1992).

One interpretation is that actual financial commitment may require respondents to reconcile

affective responses with tangible opportunity costs, activating more deliberative evaluation that

8 Martingano et al. (2023) randomly assigned 155 participants to 360° VR, VR with perspective-taking instructions,
an audiobook control, or a VR control condition. Although VR increased short-run emotional empathy, it did not
increase real charitable donations to UNICEF, and most empathic gains had dissipated after ten days.
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tempers contributions (Rand, Greene, and Nowak 2012; Small, Loewenstein, and Slovic 2007).
The relative stability of real donations across levels of emotional engagement is consistent with
this account, although it may also partly reflect binding budget constraints within the

predominantly student sample.

In addition, emotional engagement did not significantly moderate hypothetical bias in the video
condition. One speculative explanation is that video maintains a more observational
perspective, creating greater psychological separation between respondents and the
conservation scenario (Khanna, Lee, and Kalantari 2025), whereas VR may increase the salience
of emotional responses without proportionally affecting real financial behaviour. This pattern
aligns with broader evidence that immersive media can increase empathy and donation
intentions while producing inconsistent effects on actual giving (Kristofferson, Daniels, and
Morales 2022; Walewijns, Heirman, and Daneels 2023). More generally, the findings suggest that
technologies capable of intensifying emotional engagement may strengthen stated valuation

responses without proportionally increasing real financial commitment.

5.2.3. Perceived Realism Across Both Validity Dimensions

Perceived realism differed from presence and emotional engagement in being associated with
both validity outcomes. Higher perceived realism was associated with stronger scope
differentiation, but was also marginally associated with a larger gap between hypothetical and

real donations.

Unlike presence and emotional engagement, the realism measure asked participants how
realistic they found the overall survey. It therefore captures a broader assessment of the
credibility and plausibility of the valuation exercise, including the conservation scenario and the
way in which it was presented, rather than the realism of the virtual environment alone. One
possible interpretation is that respondents who regarded the survey and conservation scenario
as more credible engaged more seriously with the valuation task. This may have encouraged
closer attention to differences between conservation outcomes, contributing to stronger scope

differentiation.

At the same time, greater credibility may have reinforced the sense that the proposed

contribution related to a genuine conservation programme, increasing stated willingness to
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contribute in the hypothetical condition. This is consistent with evidence that scenario credibility
and perceived consequentiality are distinct, and that stronger credibility perceptions are
associated with higher stated WTP even where information has little effect on consequentiality
perceptions (Welling, Zawojska, and Sagebiel 2022). Perceived realism may therefore have
strengthened beliefin the scenario itself without changing the fact that the hypothetical donation
carried no actual financial cost. This may help explain why hypothetical donations increased
with perceived realism while real donations remained comparatively stable. However, this
moderation was weaker than that observed for emotional engagement, and it was only

marginally significant, with no corresponding significant moderation in the video condition.

5.3. Implications for Stated Preference Research

The central methodological implication is that presentation technologies may improve one
dimension of stated preference validity while weakening another. Rather than uniformly
improving valuation quality, immersive technologies appear to reshape the validity profile of
stated preferences. The realism measure, which captures respondents’ perceptions of overall
survey and scenario realism, was the only experiential dimension associated with both
dimensions of validity. Greater experiential realism should therefore not automatically be

interpreted as evidence of superior elicitation quality.

For many environmental valuation applications, high-quality video may achieve scope-sensitive
valuations comparable to VR at substantially lower cost and complexity. However, the
experiential heterogeneity observed within VR suggests that immersive technologies may still
offer important advantages in contexts where researchers are specifically interested in
representational realism, psychological distance, or experiential mechanisms underlying
preference formation. For researchers conducting large-scale or resource-constrained
valuation studies, video may therefore represent a more practical approach capable of achieving
scope-sensitive valuations without VR’s equipment costs, technical requirements, and logistical

constraints.

Similarly, for researchers who choose to employ VR, several design implications follow. First,
immersive valuation environments should not be assumed to mitigate hypothetical bias.

Substantial hypothetical bias persisted despite the use of a cheap-talk script and budget
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reminder, and the main finding remained robust to ex-post certainty corrections. Immersive
presentation should therefore not be regarded as a substitute for established bias-mitigation
approaches. As presence was associated with stronger scope sensitivity without a
corresponding increase in hypothetical bias, VR experiences designed to maximise spatial
presence while moderating emotional intensity may offer a way to improve scope differentiation

without this cost, although this hypothesis requires direct experimental testing.

Second, VR introduces experiential heterogeneity in hypothetical bias that standard calibration
approaches may not adequately capture. For applied welfare analysis, standard calibration
factors applied uniformly across respondents may inadequately adjust for variation in
hypothetical bias arising from differences in experiential intensity. Collecting post-valuation
experiential measures such as emotion, realism, and presence could inform the development of
more targeted calibration approaches, although validated respondent-level methods remain a

task for future research.

5.4. Limitations and Future Research

Several limitations warrant consideration. First, experiential dimensions such as emotion,
realism, and presence were measured post-treatment and therefore cannot establish causal
mediation claims. The within-VR heterogeneity analyses consequently identify associations
between experiential intensity and valuation outcomes rather than causal pathways. Future
studies that experimentally manipulate experiential features directly would provide stronger

causal evidence.

Second, the study focused on a single environmental good characterised by high non-use values
and considerable psychological distance. Whether affective amplification operates similarly for

local, familiar, or primarily use-value environmental goods remains unclear.

Third, the predominantly student sample with relatively limited disposable income may have
constrained real donations, contributing to the relative stability of actual payments across
experiential intensity levels. Fourth, scope was operationalised as a single comparison between
20% and 50% conservation. While sufficient for testing scope sensitivity, this design does not

characterise the full functional relationship between scope and willingness to pay.
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Fifth, although the controlled experimental setting was necessary for delivering the VR
treatment, the findings may not fully generalise to broader survey environments or large-scale
field implementations. Finally, with approximately 60 participants per cell in the 2x2 design, the
study may have had limited statistical power to detect moderate interaction effects. The non-
significant interactions should therefore be interpreted alongside their confidence intervals

rather than as definitive evidence of null effects.

Several directions for future research follow from these findings. Within-subject designs
measuring both hypothetical and real willingness to pay for the same individuals would permit
direct observation of individual-level bias and more precise moderation tests. Studies
comparing environmental goods that differ in familiarity, psychological distance, and value type
could help identify the boundary conditions of affective amplification. Factorial experiments
combining VR with different bias-mitigation strategies could also test whether affective
amplification can be mitigated through survey design. Finally, field experiments in real
fundraising contexts would strengthen external validity and clarify whether the patterns

identified here generalise beyond controlled experimental settings.

6.CONCLUSION

This study examined whether immersive VR improves two central dimensions of stated
preference validity: scope sensitivity and hypothetical bias. Using a preregistered experiment
comparing VR and high-quality video presentations for Amazon rainforest conservation, the

findings show that immersive presentation does not uniformly improve valuation validity.

Both VR and video generated scope-sensitive valuations with empirically plausible elasticities,
suggesting that clear visual communication of environmental scale may be sufficient for
respondents to meaningfully differentiate between conservation outcomes for remote
ecosystems with high non-use values. At the same time, substantial hypothetical bias persisted
across both formats, and immersive presentation alone did not narrow the gap between stated

and actual financial commitments.

The findings further reveal that experiential intensity within VR matters differently across validity
criteria. Perceived realism and presence were associated with stronger scope sensitivity,

whereas emotional engagement was more strongly associated with hypothetical overstatement.
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Rather than functioning as a straightforward improvement in valuation quality, immersive
technologies appear to reshape how environmental preferences are constructed and expressed.
More broadly, immersive presentation should not be conflated with economic consequentiality.
Technologies that make environmental scenarios feel more vivid, immersive, or emotionally
engaging do not necessarily induce decision-making processes closer to those governing real

financial behaviour.

These findings may also carry implications beyond stated preference methodology. Immersive
and emotionally engaging media are increasingly used in conservation outreach with the
expectation that heightened engagement will translate into stronger financial support. The
present results suggest a more complex relationship in which technologies that intensify
emotional engagement may strengthen stated support without proportionally increasing
realised economic commitment. Future research should therefore focus not only on whether
immersive technologies increase engagement, but on identifying which experiential features
support differentiation between environmental outcomes, which amplify affective responding,

and how these pathways interact with real economic commitment.
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