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Abstract
Despite decades of research, behavior change technologies remain
limited in effectiveness because they mainly focus on offering in-
formation. Immersive technologies, such as extended, virtual, and
augmented reality, promise to address this limitation by shifting
from information-centric to experience-centric interventions. How-
ever, we do not know which technical and psychological compo-
nents of immersive technologies make interventions effective. This
scoping review of 53 articles analyzes how immersive technology
components are linked to theory-informed behavior change tech-
niques, summarizes their effectiveness, and synthesizes their unique
advantages for experience-based immersive behavior change in-
terventions. We offer both a formalization of the impact of immer-
sive technology components on behavior change, and summarize
practical suggestions for designing and systematically evaluating
immersive behavior change interventions in a framework toward
theory-driven Extended Reality behavior change interventions.

CCS Concepts
• Human-centered computing→ HCI theory, concepts and
models; Mixed / augmented reality; Virtual reality.
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1 Introduction
Changing behavior is difficult. Decades of research have devel-
oped and studied behavior change technologies, such as wear-
ables [30] and smartphones [63], that help people become more
physically active [24], reduce digital distractions [67], or promote
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pro-environmental behavior [12]. Yet, summative reviews consis-
tently report only modest effects on behavioral outcomes [37, 80].
One reason for this limited effectiveness is that behavior change
interventions are predominantly information-centric [64], relying
on reminders, notifications, or activity monitoring to deliver infor-
mation [115]. However, information alone has limited impact on
behavioral outcomes [3]. For instance, reminders typically achieve
only small effects [37], and mobile app interventions generally
show little evidence of sustained change or improved health out-
comes in health-related behavior change [80]. Further supporting
these findings, a recent review by Albarracín et al. [3] reported
that behavior change interventions targeting knowledge or beliefs
generally result in negligible effects. However, their review did not
focus primarily on technological interventions.

Immersive technologies, such as virtual reality (VR) and aug-
mented reality (AR), promise to overcome these limitations. For
instance, rather than relying on reminders that appear only when
a user checks their phone, AR can integrate behavioral cues into
the user’s immediate surroundings, making them more salient. In
addition to making information more easily visible and accessi-
ble, immersive technologies can also create experiences that are
impossible in the physical world, such as exposing the user to a
future version of themselves or their environment. For example,
AR could transport users to a world that shows the consequences
of climate-harmful behavior by seeing their own house flooded. In
VR, users could embody an avatar that not only looks like their
aged self but also feels like it, letting them experience the effects of
regular physical activity (or the lack thereof) on their future bodies.
In particular, VR’s ability to create “psychologically real” [13, 66]
environments makes it promising for creating ecologically valid
experiences, as already applied in clinical behavior change (e.g., VR
exposure therapy [31, 99, 120]), and some individual studies in the
domain of environmental behavior [92, 134]. Taken together, immer-
sive technologies hold promise to revolutionize behavior change
technologies, shifting from information-centric to experience-centric
interventions.

However, currently we lack a comprehensive synthesis of how
behavior change interventions have been implemented in VR and
AR, which underlying processes they target, and how effective
they are. Existing reviews on the topic focus on a subset of tech-
nologies, populations, or domains [18, 34], or pursue more specific
outcomes through systematic reviewing rather than scoping of the
literature [87]. In particular, we currently do not understand how
technical and psychological qualities that are unique to immersive
technologies influence behavioral change processes. Such a synthe-
sis is essential to understand what makes immersive technologies
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work for behavior change, why that is the case, and how effective
they are.

We answer these questions by a scoping review of behavior
change interventions and their effectiveness in VR and AR. We
review 53 papers published between 2002 and 2025 from disparate
bodies of research (including computer science, environmental
sciences, education, psychology, and medicine).

We first analyze which technical and psychological components
of XR are used to design the behavior change interventions in
the reviewed papers. We then relate the interventions to behavior
change techniques [76] and mechanisms of action [15], describing
their connection to established behavior change theory. In addi-
tion, we assess the effectiveness of the interventions. Finally, we
highlight the key advantages that XR offers for supporting behav-
ior change. The synthesis of effectiveness is encouraging: 70% of
studies assessing short-term effectiveness report positive effects,
while 67% of those evaluating long-term outcomes (ranging from
two weeks to three months) indicate positive sustained impact.
Furthermore, 47% of studies comparing XR-based interventions
to non-XR counterparts found XR to be more effective. We found
that often XR behavior change interventions rely on known be-
havior change techniques, such as showing information, not fully
leveraging XR’s capabilities. Furthermore, the interventions make
multiple connections to behavioral mechanisms, making it difficult
to disentangle separate causal relations. In response to this, we
contribute a Framework Toward Theory-Driven XR Behavior Change
Interventions, bridging behavioral sciences and HCI by making con-
crete suggestions on how to leverage XR capabilities for the design
of behavior change interventions that are grounded in behavior
change theory.

2 Background
We begin by summarizing the behavior change terminology used
throughout the paper. Then, we review technology-supported be-
havior change interventions, followed by an overview of the state
of the art of immersive technologies applied to behavior change.

2.1 Behavior Change Terminology
Behavior Change Theories and Models. Behavior change gener-

ally refers to observing a permanent change in a person’s actions.
Numerous models and theories aim to explain why behavior change
occurs and how it can be influenced. They focus, for example, on
general influences on behavior [29, 46], attitudes [2], or goals [145].
In our review, we combine a top-down and bottom-up approach
by analyzing the theories referenced in the reviewed papers and
relating them to Michie et al. [76]’s behavior change techniques and
mechanisms of action. These frameworks have been used widely in
the behavioral sciences and are valuable for discussions commonly
targeting underlying behavioral processes.

Behavior Change Technologies. We adopt the definition by Hekler
et al. [47], who describe behavior change technologies as “systems
and artifacts developed to foster and assist behavior change and
sustainment as behavior change technologies”. In this review, we
focus on one specific class of such technologies: extended reality
or immersive technologies. More specifically, this review aims to

inform about how effective and useful immersive technologies are
for behavior change.

Behavior Change Interventions. Following Michie et al. [77], we
define behavior change interventions as “coordinated sets of activi-
ties designed to change specified behavior pattern”. In our context,
XR technologies serve as the medium that implements these inter-
ventions.

Behavior Change Techniques and Mechanisms of Action. Various
terms have been used to describe the underlying processes through
which behavior change interventions are effective. For example,
Albarracín et al. [3] use “behavioral determinants” to refer to “indi-
vidual factors [...] at the center of behavioral prediction and change
models”. Other researchers refer to these underlying processes as
“mediators” [47] or “influences”. Michie and colleagues [1, 15] distin-
guish between Behavior Change Techniques (BCT) and Mechanisms
of Action (MoA). A BCT is defined as “a replicable component of
an intervention designed to alter or redirect causal processes that
regulate behavior” [15]. BCTs can either support factors that might
promote a desired behavior or reduce ones that inhibit one from
performing a wanted behavior. MoAs describe “processes through
which individual BCTs have their effects“. We use BCTs and MoAs
to analyze the papers, as they offer detailed coding guidelines and
nuances that support systematic classification.

Immersive Technologies. Immersive technologies refer to systems
that partially or fully immerse users in spatial, digital environments.
Virtual Reality (VR) fully replaces the physical world visually with
a digital one, while Augmented Reality (AR) overlays digital con-
tent onto the physical environment [9]. Mixed Reality (MR) blends
physical and digital elements along the reality–virtuality contin-
uum [79]. However, its definition remains unclear [110]; it is often
used to describe collaborative scenarios involving different immer-
sive technologies [42]. Generally, the term Extended Reality (XR) is
used as an umbrella term to refer to all these technologies. To cover
the full range of immersive technologies, we include all mentioned
terms as search terms. We refer to behavior change interventions
implemented with immersive technologies as “XR interventions”
throughout the remainder of the paper for brevity.

2.2 Technology-Supported Behavior Change
Using interactive technologies to support behavioral change pro-
cesses has been a focus of researchers for many years. An early
behavior change technology is UbiFit Garden [24], which encour-
ages physical activity. It combines physical activity tracking with
a digital garden on a person’s mobile phone, which blooms de-
pending on the user’s physical activities. The system was generally
perceived as motivating, especially connecting the physical activity
to a personal device. The system illustrates common features of
technology-supported behavior change, such as self-tracking de-
vices and wearable, mobile devices with adaptive content. Behavior
change technologies exist in many domains, such as physical activ-
ity and healthy food choices [69], mental health [59, 116], digital
screen-time [67, 143], and sustainability behavior [142]. Many are
based on tracking (monitoring) a user’s behavior and giving them
recommendations at certain times. For instance, a user might re-
ceive notifications about step counts, time spent on social media
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apps, time spent watching YouTube videos, etc. Others focus on
tracking a user’s behavior to restrict how much time is available for
the behavior. For example, restricting how much time a user allows
themselves to spend on social media [67, 68]. Often these technolo-
gies provide information about the behavior or explain to users how
much they have engaged in that behavior. These interventions use
information as the MoA. However, research in the medical domain
has shown that interventions based on knowledge or information
as the main target show only modest effects [37, 80]. A recent
review by Albarracín et al. [3] confirmed that behavior change
interventions that target information only marginally support be-
havioral outcomes. These findings suggest that information-centric
approaches are of limited effectiveness, which motivates us to ex-
plore to what extent experience-centric behavior change approaches
are effective.

One reason for the limited effectiveness might be that HCI behav-
ior change interventions often do not use behavior change theory.
Hekler et al. [47] analyzed how HCI researchers used behavioral
theories in the design of behavior change technologies and made
suggestions on how to use theory better in the design of them. Rapp
and Boldi [94] took a contrary approach by studying the lived expe-
rience of behavior change technologies. They interviewed 23 people
about their lived experience of using behavior change systems. One
of their main findings is that behavior change technologies often
ignore other aspects of life and are thus difficult to integrate into ev-
eryday life. They also noted that the behavior change technologies
focused on “present behaviors, targeting a narrowed temporality
that does not account for past experiences or distant futures”, which
is something that XR technologies suggest to overcome by moving
from information-centric to experience-centric behavior change.
Another work by the same group of researchers [95] argues that
HCI behavior change technologies often see change as externalistic,
among others, which is again an argument for current behavior
change technologies focusing on technologies that provide change
to the user externally, rather than helping them experience it inter-
nally.

2.3 Immersive Technologies and Behavior
Change Reviews

A preliminary search for existing scoping reviews and systematic
reviews on the topic of behavior change and extended reality has
been conducted on JBI Evidence Synthesis1, Cochrane Database
of Systematic Reviews2, PubMed3, Web of Science4, and Scopus5.
Related reviews address a limited subset of the research covered in
our review and fell broadly into three categories (1) papers focusing
on a different technology range (e.g., specifically on VR or general
technologies), (2) papers not specifically focusing on constructs
related to behavior change (e.g., empathy), or (3) papers focusing
on a specific population. Moreover, they provide little in-depth
analysis of the XR experience and how and why XR qualities lead
to successful behavior change. For example, Chin and Chow [18]
presented a scoping review on technology-enabled interventions
1https://journals.lww.com/jbisrir/Pages/default.aspx
2https://www.cochranelibrary.com/
3https://pubmed.ncbi.nlm.nih.gov/
4https://www.webofscience.com/
5https://www.scopus.com/

for sustaining behavior change in adolescents, while we do not
focus on a specific population. Another example is the review by
Felsberg et al. [34], which focuses on rehabilitation in neurologic
populations and therefore covers a narrower scope than ours. Al-
though its methodological approach is similar in analyzing behavior
change techniques, we additionally examine XR-specific qualities
and their relation to these techniques. The review by Paul Odenigbo
et al. [87] on “Augmented and Virtual Reality-Driven Interventions
for Healthy Behavior Change” focuses on health-related behavior
change, while ours covers a broader range of behavior change do-
mains. Furthermore, Paul Odenigbo et al. [87]’s review and ours
follow different reviewmethodologies, which pursue different goals,
foci, and intended outcomes. Paul Odenigbo et al. [87]’s system-
atic review includes 19 papers published between 2011 to 2021,
a relatively small number compared to the number our scoping
review covers. Its focus is on an in-depth reporting of the individ-
ual studies, and its main findings concern the design layers and
persuasive strategies of the interventions. In contrast, our focus
lies on the theoretical grounding of the interventions in behavior
change theory and on analyzing the specific qualities of XR used,
rather than the implementation layers.

Wienrich et al. [133]’s work is closest to ours. They proposed a
framework that captures psychological barriers hindering behavior
change. BehaveFIT points out how features of immersive technolo-
gies can potentially overcome these barriers. The framework is
designed based on an informal literature review and expert inter-
views. This connection of the psychological barriers to immersive
features and perceptions is a good start for formalizing immersive
technologies’ components and their impact on factors that limit
behavior change. Our work builds on BehaveFIT, using its psycho-
logical barriers to code the main advantages that XR provides in
the reviewed papers.

3 Method
We conducted the scoping review in accordancewith the JBImethod-
ology for scoping reviews [89]. A scoping review is the most appro-
priate review type for our research objective, as we are looking for
the nature and extent of evidence rather than a specific research
question [112]. We developed an a priori protocol based on Cooper
et al. [25] and Aromataris et al. [7].

3.1 Review Objective and Research Questions
The objective of this scoping review is to understand the extent
and nature of evidence regarding the use of behavior change in-
terventions in immersive technologies, including VR and AR. For
simplicity, we use the term XR to refer to immersive technologies
in the following. The review is driven by four research questions:

RQ1 What technical features and psychological qualities of im-
mersive technologies are used to design XR behavior change
interventions?

RQ2 What behavior change techniques (as classified by Michie
et al. [76]) and mechanisms of action (as classified by Carey
et al. [15]) are used in the design of XR behavior change
interventions?

RQ3 How effective are the XR behavior change interventions?
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RQ4 What are the reported unique advantages of using XR for
behavior change?

3.2 Search Strategy
In line with the methodological purpose of scoping reviews, our
approach prioritizes breadth of evidence. Accordingly, we defined
generous search queries and applied minimal filters.

3.2.1 SearchQueries. We combined keywords covering immersive
technologies with keywords covering behavior change. To define
the keywords for immersive technologies, we used the same ap-
proach as Hirzle et al. [50] and included the following XR-related
keywords, in alphabetic order: “augmented reality”, “AR”, “extended
reality”, “head-mounted display”, “head-up display”, “head-worn
display”, “headset”, “HMD”, “immersive environment”, “mixed real-
ity”, “virtual environment”, “virtual reality”, “virtual space”, “VR”,
and “XR”. To cover the behavior change side, we included “behav-
ior/behaviour change” and “behavioral/behavioural change”. At
first we considered to take a more selective approach similar to
Albarracín et al. [3], who combined the word “behavior” with other
terms, such as “belief”, “attitude”, “norm”, or keywords from pop-
ular application areas, such as “physical activity” and “recycling
or climate”. We chose to take a more general approach by only
searching for “behavior change” because we did not want to re-
strict application areas or focus of behavior change on pre-defined
concepts. Thus, the final query combined all XR keywords with
all behavior change keywords using an OR operator within each
keyword in the respective keyword sets and an AND operator be-
tween the keyword sets: [XR keywords] AND [behavior change
keywords].

3.2.2 Search. We searched the databases ACM Digital Library 6,
IEEE Xplore 7, PubMed 8, and Web of Science 9 between April 4,
2025 and April 8, 2025. Using filters (F ), the search was restricted
to peer-reviewed full papers (no extended abstracts or protocols,
F1) written in English (F2). We did not apply any restrictions to the
time frame. The exact search queries and dates for each database
are shown in Appendix B.

We selected Web of Science as our starting database because of
its broad coverage across research areas, including Arts & Humani-
ties, Life Sciences & Biomedicine, Physical Sciences, Social Sciences,
and Technology 10. However, because of reported inconsistencies
in IEEE and ACM indexing [50, 98], we included these two pub-
lishers separately. Additionally, because Web of Science does not
comprehensively index medical venues, which are relevant for be-
havior change publications, we added PubMed. Our rationale for
choosing different databases for the main versus the initial search
is described in Appendix A.

3.2.3 Sensitivity Analysis. To determine the usefulness of the search
terms and the adequacy of the search query, we conducted a sensi-
tivity analysis by checking if the search result included key articles

6ACM Digital Library: https://dl.acm.org, last accessed: April 8, 2025
7IEEE Xplore: https://ieeexplore.ieee.org, last accessed: April 8, 2025
8PubMed: https://pubmed.ncbi.nlm.nih.gov, last accessed: April 7, 2025
9Web of Science: https://www.webofscience.com, last accessed: April 4, 2025
10Web of Science Research Areas: https://webofscience.zendesk.com/hc/en-us/articles/
38543541713169-Research-Areas, last accessed: November 17, 2025

that we identified through initial scoping of the literature. The key
articles are marked in the supplementary material.

3.3 Eligibility Criteria
We report the eligibility criteria based on the PCC (Population,
Concept, Context) model as suggested by Peters et al. [90]. Since
our question does not target a specific population, we do not define
participant-related inclusion criteria. This scoping review focuses
on behavior change interventions as concept, and immersive tech-
nology experiences, including virtual, augmented, extended, and
mixed reality, as the context. Based on our research questions, we
define the following inclusion (IC) and exclusion (EC) criteria. They
were derived through an iterative process, which is explained in
more detail in Subsection 3.4.

3.3.1 Inclusion Criteria (IC).

IC1 The article presents primary research on the use of a be-
havior change intervention implemented with immersive
technology, with the goal of influencing a person’s behavior.

IC2 The article reports a measure of behavior or a measure re-
lated to behavioral change (e.g., intention, self-belief, self-
regulation, motivation) as the primary outcome.

Based on these inclusion criteria, we developed three guiding
questions to help with the screening process: (1) Does the paper
use immersive technology, such as VR or AR?, (2) Does the paper
employ a behavior change intervention or does it state that it aims
to influence a behavior?, and (3) Does the study measure behavioral
outcomes or a measure related to behavioral change (e.g., inten-
tion, motivation)? We define what constitutes an intervention as
follows: Michie et al. [77] define behavior change interventions
as “coordinated sets of activities designed to change specified be-
haviour patterns”. We follow this definition. In this review’s context,
we define “sets of activities” as the paper needs to present an XR
prototype designed to change an articulated behaviour. This ex-
cludes articles that do not present a prototype (e.g., articles that
describe the conceptual design but not the actual implementation
of a prototype). We do not impose any restrictions on the type of
prototype (e.g., we include both hardware and software prototypes;
prototypes may present a fully modeled 3D world or simply use a
2D overlay, such as a video).

3.3.2 Exclusion Criteria (EC). Weused the following ECs to exclude
papers that did not fit the inclusion requirements. We used them
for both screening rounds, one based on title and abstract and one
based on the full-text reading.

EC0 Duplicate
EC1 (filter) Not English
EC2 (filter) Articles in workshop proceedings, adjunct proceed-

ings, posters, short paper, extended abstract, companion,
book chapter

EC3 Synthesis articles, such as reviews [27, 28, 140], meta-analyses
[83, 101], design frameworks [56, 144], or perspectives/position
papers [88, 135]. Papers excluded under this criterion broadly
fell into three categories: (1) papers focusing on a different
technology range, (2) papers not specifically focusing on con-
structs related to behavior change, and (3) papers focusing

https://dl.acm.org
https://ieeexplore.ieee.org
https://pubmed.ncbi.nlm.nih.gov
https://www.webofscience.com
https://webofscience.zendesk.com/hc/en-us/articles/38543541713169-Research-Areas
https://webofscience.zendesk.com/hc/en-us/articles/38543541713169-Research-Areas
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Table 1: Summary of the codes used for data extraction. See Appendix C for the code book including a description for each code.

Behavior Related Extended Reality Experience Outcome Measures and Results Study Details

C1 Addressed Behavior C4 Technology C9 XR Measures C13 Study Design
C2 Connection to Theory C5 Device Used C10 Behavioral Measures C14 Sample Information
C3 Ethical Concerns C6 General XR Experience C11 Duration of Intervention C15 Population Information

C7 Task C12 Results
C8 Practical Purpose of XR

on a specific population. We discuss a representative sub-
set in Subsection 2.3. Rationale: This ensures that we only
include primary research as stated in IC1.

EC4 False positives: Articles using “behavior/behaviour” or “be-
havior change” not in the context of human behavior change
(e.g., describing a system’s behavior). For example, Taylor
et al. [114] studied how insects would change their behavior
depending on the type of feedback sensor used to detect
their movement, which is non-human behavior.
Rationale: This ensures we only include papers on behavior
change in the review’s intended context.

EC5 Articles that do not apply a behaviour change intervention.
Rationale: Related to IC1, this criterion ensures we only in-
clude papers related to our concept. Excluded articles often
present a prototype that does not constitute an intervention
to change a behavior. For example, Ioannou et al. [54]’s find-
ings suggest that augmentation of performance in VR can
increase intrinsic motivation, perceived competence, and
flow, and it “may also increase motivation for physical ac-
tivity in general”. However, the study does not investigate if
the prototype (i.e., intervention in our terms) changes actual
exercise behavior. Other articles may present the initial steps
towards developing an intervention without having finished
the intervention design (e.g., [62]).

EC6 Articles that do not report a behavior change study (e.g.,
protocols, pilot studies, user interface studies).
Rationale: Related to IC1, we ensure that included articles
present primary research relevant to our concept. Some pa-
pers may develop a behavior change intervention but only
report the user interface evaluation (not the evaluation of
the behavior change intervention) or the design of the inter-
vention without an evaluation in the article (e.g., [5, 81]).

EC7 Articles that conducted a study but did not apply a measure
of behavior change or ameasure related to behavioral change
(e.g., intention, self-belief, self-regulation, motivation).
Rationale: This ensures we only include papers based on IC2.

EC8 Articles that do not use XR technologies for behavior change
intervention.
Rationale: This excludes articles that use relevant terms in
unrelated contexts. For example, “virtual environment” may
refer to a simulation on a computer rather than an immersive
technology (e.g., [125]) or an article may mention “VR” in
relation to behavior change but does not implement XR
interventions within its own study [8].

EC9 Articles that do not report a sufficient level of detail in either
their behavior change intervention or study design to allow
for accurate coding.
Rationale: This criterion also serves as a quality measure of
the included studies.

3.4 Evidence Selection
We identified relevant papers through the search queries on relevant
databases as reported in Subsection 3.2. The search retrieved 1454
articles. Next, we removed 93 duplicates based on an exact match
of the DOI and title of the paper. If we found a duplicate title with
different DOI, we kept the newer instance. To check duplicates, we
used custom python scripts. Then, we double checked the retrieved
entries for EC1 and EC2, restricting the article language to “English”
and the article type to “Full paper”. These articles should be removed
through filtering on the database websites but this is sometimes
inaccurate. We removed 1 non-English article and 71 non-Full paper
articles. The evidence selection process is shown in Figure 1.

First round of screening. We conducted the first round of screen-
ing based on title and abstract, employing all EC. 1290 papers were
included for screening, which was conducted by two of the authors.
They first screened the same 148 papers (12%) for calibrating their
interpretation of the EC. During this phase, the authors met regu-
larly to discuss alignment and uncertainties. After having screened
all 148 papers, we calculated agreement on inclusion/exclusion
using percentage agreement. The two authors first reached 77%
agreement and then went through the papers again, increasing
the number to 85% agreement before they then discussed the mis-
alignments and took a decision together. The decision was either to
include or exclude at this point. Being inclusive, we included papers
we were uncertain about to check them more closely during the
second screening phase. After the calibration, each of the authors
screened a different set of 571 (44%) papers individually. For the
12% of papers that were used for screening calibration, 22.3% (33
papers) were included; of the 88% of papers that were screened
individually, 17.5% (200 papers) were included, resulting in a total
of 233 papers included for the second screening round.

Second round of screening. In the second round, the same two
authors performed full text screening. This time they both screened
all of the papers. The authors met regularly, after screening the
same 50, 100, and then 233 of the papers to discuss discrepancies
and align perspectives. After the second round of screening, 53
papers were included for data extraction.
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Articles included in data extraction:
(N=53)

Records assessed for eligibility based on full text:
(N=233)

Records excluded: (N=180)
EC0: 2, EC2: 1, EC3: 4, EC4: 15, EC5:
53, EC6: 17, EC7: 14, EC8: 59, EC9: 15

Records sought for retrieval:
(N=233) All reports could be retrieved.

Records screened on title and abstract:
(N=1290)

Records excluded: (N=1057)
EC2: 20, EC3: 221, EC4: 96, EC5: 224,
EC6: 171, EC7: 55, EC8: 268, EC9: 2

Records identified through searching multiple
databases between 4/4/2025-8/4/2025: (N=1454).

ACM (N=535), IEEE (N=598), PubMed
(N=122), Web of Science (N=199)

Records removed before screening (N=164):
duplicates (EC0): 93, Not English
(EC1): 1, Not Full Paper (EC2): 70

Figure 1: The PRISMA-ScR flowchart documents the scoping review process from identification of sources to the final sample
of articles that are included for data extraction.

3.5 Data Extraction
3.5.1 Data Charting Table. The data charting table was developed
iteratively over six months through regular discussions among
all authors from April to September, 2025. During the screening
process, we refined the coding scheme to ensure alignment with our
research questions. The final data charting table (Table 1) comprises
four main categories and 15 codes.

3.5.2 Extraction Procedure. For all codes, the authors selected
quotes from the paper that were later analyzed for synthesis. We
conducted dual extraction (i.e., two authors coded the articles inde-
pendently and then merged their results) for 43% (23) of the articles.
The remaining papers were split into two sets, with one authors
coding 13 (25%) and the other 17 papers (32%). Before starting with
the individual coding, both authors met for alignment after coding
5, 10, and all papers, to discuss and resolve discrepancies.

3.5.3 Analysis and Synthesis of the Evidence. We collected descrip-
tive results of the papers and presented them in a combination
of quantization and narrative synthesis, following the categorical
reporting approach commonly done in HCI reviews [98]. We sum-
marized behavioral domains based on C1, using the categories of
Albarracín et al. [3] and explained ethical concerns mentioned in
the papers C3. We also reported summative data, such as year of
publication, technologies used (C5), and populations included in
studies (C15).

For the analysis to answer the research questions, we summa-
rized each paper in a conceptual figure inspired by Velloso and
Hornbæk [123]’s approach of using causal models for theorizing in

HCI. These figures capture each paper’s cause of interest (AR/VR ex-
perience) and outcome of interest (measured behavior), and, where
applicable, link design components to the underlying theory named
by the authors. They also indicate details about the dependent vari-
ables and the intervention’s effects. A conceptual example is shown
in Figure 4 in Appendix C.1 and all figures are available in the sup-
plementary material. Next, we describe the data analyzed and how
we synthesized the codes to address our four research questions.

Technical and Psychological XR Components. To answer RQ1, we
analyzed the codes C4-C8. Based on C6 we analyzed how the virtual
experience is connected to the physical world, and based on C6
and C7 we examined what type of elements were used to create
the behavior change intervention. Paul Odenigbo et al. [87] also
looked into how users interacted in XR for their systematic review.
However, their description of user interaction considers the general
interaction possibilities (e.g., interacting with items, buttons, or the
environment), and we analyze how the elements users interact with
are related to the behavior that is the focus of the intervention.

For the psychological components, we analyzed agency based
on C7 (i.e., if a user actively engaged in the XR experience). Also
based on C7, we coded if the action a person performed in XR was
actively or passively connected to the behavior. Furthermore, we
coded the perspective through which users experience the behavior
change intervention (e.g., if they have a body or not). We focused
on these three components because they are related to agency,
embodiment [61], and presence [108] – three key qualities of XR.
Importantly, these qualities were often identified by the authors
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Figure 2: Overview of the behavioral domains into which the papers were grouped. The main domains, shown in bold at the
center, are based on the classification by Albarracín et al. [3].

of the reviewed papers and were speculated to contribute to effec-
tive behavior change in XR. Several papers mentioned that XR can
immerse the user in potential future scenarios, allowing them to ex-
perience them more “vividly” [19, 119]. What the authors describe
here is Presence – the feeling of “being” in a virtual world [45], which
stands in contrast to immersion that is often understood as describ-
ing the objective characteristics of a system [107]. However, only
a fraction of the reviewed papers measured presence (17 papers).
Among those, different instruments and sub constructs of presence
were applied (e.g., igroup presence questionnaire [102, 129], Witmer
and Singer’s Immersive Tendencies Questionnaire [4, 111]). There-
fore, we chose not to analyze presence as a separate component. As
several survey articles argue (e.g., Xiao et al. [137] and Skarbez et al.
[106]), presence is a multidimensional construct, and papers in our
corpus employed heterogeneous instruments and sub constructs,
preventing a valid comparison.

Behavior Change Techniques and Mechanisms of Action. To an-
swer RQ2, we used top-down coding of the data extracted for C2
and connected the data to the list of behavior change techniques
(BCT) [76] and mechanisms of action (MoA) [15]. Paul Odenigbo
et al. [87]’s review allocated persuasive design strategies, thus fo-
cusing on persuasive technology design. These are partially rep-
resented by BCTs and MoAs, for example “social learning” or “re-
wards” is present in both structures. However, the BCTs and MoAs
are more extensive in their coverage and have been validated for
other behavior change technologies, which is why we chose it as
analytical approach for our review.

For the coding of C2, two authors extracted the theories explicitly
cited by the researchers to explain why certain aspects of the XR
intervention were effective. The MoAs were linked to the theories
cited in each paper, where applicable, as these theories often con-
nected the XR experience to the targeted mechanisms. MoAs were
only assigned for explicitly stated theories. For assigning BCTs,
first, two of the authors defined for each paper how its interac-
tion is related to behavior change. We considered the following
questions: (1) How does the person experience the behavior? , (2)
Does the person engage in the behavior (active) or see the behavior
performed (passive)?, (3) Does the person see consequences of the
behavior, and if so are they personal or generalized; are they visu-
alized immediately or delayed; are the consequences connected to

the behavior they do in XR or are they visualized without perform-
ing the behavior?, (4) Where is the impact of the behavior shown
(e.g., is it shown in the real world and close to the user, or is the
user virtually teleported to a far away distance and/or time)? Two
authors discussed the papers considering these questions together
and agreed on each decision. Because coding was done collabora-
tively rather than independently, separate reliability checks were
not necessary. One author then assigned each suitable BCT and
MoA to each paper, following the coding guidelines for both as
described in the available documents 11,12. Finally, two of the au-
thors went through the allocated BCTs and MoAs again, discussed
them in detail, and reviewed the allocations with a third author. An
overview of the mapping is shown in the supplementary material.

Effectiveness. To answerRQ3, we summarizedC9-C12.We grouped
the papers’ effectiveness reports into two groups: (1) under compar-
ative effectiveness, we summarized papers reporting a comparison
of XR versus non-XR interventions, and (2) under effectiveness over
time, we summarized the articles’ results for pre-post measurements
of short-term (i.e., post-measurement was applied directly after the
intervention) and long-term effectiveness (i.e., a follow-up measure-
ment was applied after an extended time after the intervention).
Effectiveness was coded based solely on core behavioral measures
that reflect the success of the intervention, other secondary mea-
sures were ignored. For example, in a study that aims to change peo-
ple’s unhealthy snacking behavior, the core measure is snack intake
while other measures such as body ownership, perceived severity
and perceived susceptibility are secondary measures because they
do not directly reflect the success of the intervention[119]. We clas-
sified an intervention as effective only if it displayed statistically
significant positive differences in these core outcomes. Due to high
heterogeneity in study designs (e.g., within-, mixed-, and between-
group designs with repeated measures, pre-post, and post-only
measurement ), we chose to report effectiveness as a binary vari-
able. Because not all paper actually measured behavioral outcomes,
we separated the ones that did from those measuring intention or
related constructs. We grouped the papers into four groups: papers
measuring behavioral outcomes (27), papers measuring intention
(12), papers measuring behavioral outcomes in XR (e.g., driving

11BCT Taxonomy (vt1): https://www.bct-taxonomy.com/pdf/BCTTv1_PDF_version.
pdf
12Mechanisms of Action: Supplementary File 2 of Carey et al. [15].

https://www.bct-taxonomy.com/pdf/BCTTv1_PDF_version.pdf
https://www.bct-taxonomy.com/pdf/BCTTv1_PDF_version.pdf
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Figure 3: Ten examples of the reviewed papers. The papers with IDs 1430 [60] and 603 [104] are examples of Augmented Reality
use. Jurcik et al. [60] show a realistic augmented spider for the treatment of arachnophobia (Fig. (A) © Jurcik et al. [60]); Seals
et al. [104] visualize germs on a user’s hands together with hand washing instructions to improve hygiene behavior (Fig. (D)
© Seals et al. [104]). The papers with IDs 570 [93] and 620 [129] are examples of showing a time-projected world. In Plechatá
et al. [93]’s work, participants’ surroundings show climate change effects dynamically based on food choice in a cooking task
(Fig. (B) © Plechatá et al. [93]); Weller et al. [129] shows a coral reef in healthy and decayed state to influence pro-environmental
behavior (Fig. (E) © Weller et al. [129]). The papers with IDs 667 [33] and 538 [139] are examples of replicating the real world.
Farmer et al. [33] show a first-person video of a cancer patient to increase breast self-examination behavior (Fig. (F) © Farmer
et al. [33]); Xu and Dam [139] visualize how virus spreads from a person to increase Covid-19 protection behavior (Fig. (G)
© Xu and Dam [139]). The papers with IDs 10 [4], 554 [72], and 701 [39] are examples of simulating the physical world. Alves
and Esteves [4] expose participants to a virtual dog to reduce cynophobia (Fig. (H) © Alves and Esteves [4]); Meijers et al. [72]
show impact messages of how products in a grocery store influence the environment (Fig. (I) © Meijers et al. [72]); In Ganschow
et al. [39], participants have a conversation with an aged-morphed future self to improve future-directed decision making (Fig.
(J) © Ganschow et al. [39]). The paper with ID 32 [127] is an example of creating an abstract world. It lets participants create
virtual world to foster self-reflection. All images shown are published in open-access papers (Fig. (C) © Wagener et al. [127]).
Please refer to Appendix D.1 for a detailed description of the licenses and the changes made to the original figures. A list of all
paper IDs and their allocation to citations are given in Appendix D.

behavior in a VR driving simulator [23, 131]) (5), and papers mea-
suring constructs related to behavior (e.g., attitudes [20, 138]) (9).

Unique Advantages of XR. To answer RQ4, we summarized C8
and used a combination of bottom-up and top-down procedures.
We grouped the individual purposes stated by the authors using
affinity diagramming (bottom-up). Then, we assigned a main ad-
vantage of XR to each paper based on the barriers in Wienrich
et al. [133]’s framework (top-down). This analysis serves to high-
light what XR’s unique advantages are for implementing behavior
change interventions and how to do that.

3.5.4 Critical Appraisal, Potential Bias, and Limitations. Although
scoping reviews typically do not restrict evidence based on method-
ological quality [6], we included a critical appraisal step to ensure

that our evidence summary is grounded in methodologically rigor-
ous primary research. This is reflected in the exclusion criterion E9,
which we introduced to exclude papers that were thematically rele-
vant but lacked sufficient detail to extract data needed to address
our research questions. To reduce bias in screening and data extrac-
tion, we conducted a calibration phase during the first screening
round, applied dual-screening in the second phase, and performed
dual-extraction for 43% of the included papers. To mitigate selec-
tion bias, we used a broad set of XR-related keywords. However,
requiring “behavior change” as a fixed keyword likely excluded
some relevant papers that did not explicitly use the term. The large
drop from 1454 papers in the search result to 53 papers included for
data extraction and analysis reflects our generous search strategy,
which favored capturing a wide range of potential papers, even at
the cost of a high number of false positives.
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Table 2: Categorization of reviewed papers by their relation to the physical world (rows) and the types of elements used
(columns). Bars within each cell represent the distribution of papers on short-term effectiveness. Papers that did not apply
such a measure are indicated with é and are not included in the distribution bars. Effectiveness is indicated as positive ( ),
mixed ( ), or no effect ( ). The figure differentiates papers measuring behavioral outcomes from those measuring intention
(I ), behavior in XR (XR), and related constructs (O for other).

Realistic elements Abstract elements Invisible elements None

Augmenting physical world spider [60]Ë, plants and animals [65]Ë,
rubbish to be sorted [16]Ë(I), medical
staff [26]Ë, historical figures [48]Ë(O),
wild animals [32]Ë , trash cans [100]é

facial expression representing emo-
tions [44]Ë, attention levels based on
brainwave activity [40]Ë, historical in-
formation, text-based [48]Ë(O), historical
information [109]Ë(O)

virus [139]Ë,
germs [104]é

Creating abstract virtual world drawing in 3D and using 3D objects to cre-
ate world [127]Ë(O), drawing in 3D and us-
ing 3D objects to create world [126]ËË(O),
abstract “dream-like” environment, avatar
faces [55]ËË(O)

Time projection of physical world cooking utensils in kitchen, surrounding
world changes based on food decisions [93]Ë,
hotel with two doors, based on the door cho-
sen the world shows long-term effects of travel
behavior on environment and working condi-
tions [96]é(I)

CO2 balloons and numeric value, world
changes based on projected CO2 effects on
environment [134]Ë(I), textual information,
world shows long-term effects of travel be-
havior on environment and working condi-
tions [96]é (I)

[91]Ë, [129]éI,
[92]é

Simulating physical world
,

school environment with bully, victim, by-
stander [43]Ë(I), audience in room,
listening to presentation [21]Ë, fire,
smoke, house [82]Ë, sales person in
car salesroom [102]Ë(O), human pa-
tient [138]é(O), age-morphed future self
across table [39]é, dog and different
indoor/outdoor environments [4]é(XR),
plastic bottles in forest environment [19]é(I),
dog on lawn [58]é, dark street and ha-
rasser [57]é(XR), mooring dock [70]é(I)

ghosts representing performance [74]Ë,
information and textual boxes [82]Ë,
gamified orbs and obstacles [117]Ë, in-
formation about e-cigarettes [130]Ë(I),
information about presentation [21]Ë,
information about speed in car [131]Ë(XR),
environmental information about prod-
uct [72]é, perceptual effects of drugs [122]é,
social cues [14]é(XR), information about
eco-driving [23]é(XR), statistical informa-
tion [19]é (I)

[103]Ë, [20]Ë
(I), [132]Ë,
[118]é (O),
[111]é, [119]é,
[36]é

Replicating physical world recording of close other [141]Ë [51]Ë (I),
[84]é (I),
[73]é, [35]é,
[33]é (I)

4 Results
The papers were published between 2002 (1 paper) and 2025 (5
papers), withmost published in 2024 (13 papers). 5 were published in
2023, 9 in 2022, 6 in 2021, and between 1 and 3 papers in each of the
remaining years. Most papers were published in Computer Science
venues (29), followed by Medical (10), Environmental Research (6),
and Psychology (5). One appeared in a Learning venue, and two in
General Science venues.

Figure 2 provides an overview of the distribution of papers across
behavioral domains, based on the high-level categories by Albar-
racín et al. [3]. The most frequently addressed domain is Health
(21 papers, 40%), followed by Environment (18 papers, 34%). The
remaining 14 papers are distributed across Social (4, 7.5%), Work (4,
7.5%), Cross: Health/Social (3, 5%), Consumer (2, 4%), and Education
(1, 2%). Regarding the technologies used (C4 and C5), 13 papers

(25%) employed AR, 39 (74%) used VR, and 1 paper (2%) incorporated
both.

4.1 RQ1 Technical Features and Psychological
Qualities

Table 2 illustrates how the papers relate to the physical world
and the elements depicted in the virtual environment. Together,
these dimensions describe how the virtual world connects to the
physical one and what it presents to implement behavior change
interventions.

4.1.1 Relation to Physical World. We identified five conceptual
categories, describing how virtual environments used for behavior
change relate to the physical world. Figure 3 shows ten examples
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of papers grouped into the five categories. 12 papers (25% 13) were
categorized underAugmenting the Physical World, as they employed
AR. By definition, their connection to the physical one is to overlay
it with digital information.

Notably, we found no examples of removing or altering real-
world elements, as explored in diminished reality [17]. The VR
papers fell into four categories. The most common was Simulat-
ing the Physical World (26 papers), where virtual environments
ranged from realistic [103, 118] to abstract representations [23, 74]
of the physical world. This differs from the category Replicating
the Physical World (7 papers), which involved direct recordings
or reconstructions of real environments [33, 73]. A simple exam-
ple is given by Hofman et al. [51], where participants watched a
360° video of the Great Barrier Reef, aimed at replicating “an actual
snorkel” experience communicating the target of climate change
effects to participants. In contrast, in [82] participants were im-
mersed in a virtual home simulating the effects of a bushfire. This
environment is simulating an actual house affected by the fire but
is not modeled after an actual, existing one. Although this cate-
gory could include modeled replicas of existing spaces, none were
found in our corpus. 6 papers focused on a Time Projection of the
Physical World, all depicting future scenarios. While the category
potentially also includes visualizations of past environments, only
future simulations appeared in our sample. For instance, in Pi et al.
[91]’s work, participants traveled through time within a virtual
home, experiencing the effects of climate change on their surround-
ings embodying three generations. Finally, 3 papers were grouped
under Creating an Abstract Virtual World, where users actively con-
structed their own environments by drawing or generating virtual
elements [55, 126, 127]. For example, Wagener et al. [126] asked par-
ticipants to create a virtual environment expressing their emotions.
Participants could use free-hand drawing or pre-defined objects to
create their individual “mood world”.

4.1.2 Elements Used in the Virtual World. In addition to implement-
ing virtual worlds, many papers used specific virtual elements to
implement behavior change interventions. We categorized such
papers based on the types of elements used. This categorization was
motivated by our interest in distinguishing papers that aimed to
realistically simulate or replicate the physical world (i.e., primarily
using VR as a simulation technology) and those that used XR to
visualize or interact with information that would be impossible in
the physical world (e.g., capturing one’s emotions in a concrete
object [126]).

A total of 21 papers used Realistic Elements. We named this cat-
egory “realistic” because it contains elements that were part of
the virtual world, fitting into the narrative and style of the virtual
world. For example, Gu et al. [43] placed a globe and a calculator
on the desk in the virtual classroom, which were well integrated
into the school-bullying narrative. Within the virtual classroom,
participants could interact with these objects, such as grabbing and
throwing them at the victims to experience the role of bullies. For
the 7 papers of this category that employed AR, the virtual elements
13Please note that due to rounding and the fact that some papers employ multiple
technologies and strategies, the totals may not equal exactly 100%. For example, Xu
and Dam [139] uses both VR to replicate the physical world and AR to augment the
physical world. This also applies to the counting elsewhere, such as in the statistics of
“Elements Used in the Virtual World” and “Mechanism of Action”

were designed to realistically recreate aspects of the physical world.
For example, Jurcik et al. [60] augmented a realistic looking spider
over the physical world and Makransky and Klingenberg [70] used
elements in the virtual world to increase safety training attitude in
a virtual mooring training scenario. 19 papers visualized Abstract
Elements. Of these, some papers visualized an abstract construct
as concrete objects (e.g., drawing emotions and inner states of a
person [126, 127]). One paper used “ghost” avatars to visualize a per-
son’s past performance [74], Wienrich et al. [134] visualized a per-
son’s CO2 consumption with virtual balloons, Touloudi et al. [117]
gamified abstract virtual shapes to enhance exercise performance,
and Chirico et al. [19] visualized average plastic consumption as
virtual plastic bottles. Other papers visualized abstract information
in abstract form, such as textual overlays [96, 109] or graphical indi-
cators of eco-driving scores [23], attention levels [40], or perceptual
drug effects [122]. Two papers visualized Invisible Elements, such
as viruses or germs, exaggerated for visibility [104, 139]. Finally, 15
papers did not use specific virtual elements, relying solely on the
immersive environment to induce behavior change.

4.1.3 Psychological Qualities. Due to the large variety in measures
used, we focus the reporting of the psychological qualities on three
high-level constructs: agency, connection to behavior, and perspec-
tive.

We treat Agency as binary variable, coded as active task when
participants performed some form of interaction and as passive task
when they passively viewed the experience. 35 papers (66%) were
coded as including an active task and 18 papers (34%) as including
a passive task.

Connection to Behavior is also reported as a binary variable. We
coded the XR experience as active connection to behavior when the
action performed in XR is directly matched to the target behavior
that is intended to change. This is most evident when participants
in XR perform the very behavior that the study aims to change
(e.g., practicing environmentally friendly cooking in VR to promote
pro-environmental behavior [93]). On the other hand, the XR ex-
perience in a paper was coded as passive connection to behavior
when a person’s actions in XR were not directly related to the target
behavior. This was typically the case for papers where participants
did not practice the behavior intended to change. Instead, they
were supposed to be indirectly influenced by their XR experience to
promote behavior change. For example, participants in VR watched
the decay of coral reef, which promoted pro-environmental ac-
tions [129]. 33 papers (62%) were coded as active and 20 papers
(38%) as passive.

The third construct we called Perspective, and it refers to how
the participants see the XR intervention. Papers could take one
of three values: First-person view, Embodied, and Mirror. 41 papers
(77%) used a first-person view where participants watched the scene
from a egocentric perspective but did not embody an avatar. In 10
papers (19%) participants embodied a virtual body, and in 2 papers
(4%) participants engaged in a mirror perspective, where they saw
themselves either literally mirrored [104] or looked at a virtual
representation of themselves from a third-person perspective [36].
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Table 3: Distribution of papers by behavior change techniques (BCT) and mechanisms of action (MoA). The “Effectiveness”
column shows the distribution of papers that measured positive ( ), mixed ( ), or no ( ) effects in terms of short-term
effectiveness of the behavior change intervention. Next to the number of papers in each category (“# Papers”), we show the
ratio of how many papers measured short-term effectiveness ( ) in contrast to how many did not ( ). The latter are not
considered in the effectiveness bars.

BCT Category Effectiveness # Papers MoA Effectiveness # Papers

BCT 5. Natural Consequences 31 MoA 1. Knowledge 31
BCT 6. Comparison of Behavior 16 MoA 11. Environmental Context and

Resources
21

BCT 2. Feedback and Monitoring 14 MoA 22. Feedback Processes 21
BCT 4. Shaping Knowledge 7 MoA 6. Beliefs about Consequences 19
BCT 9. Comparison of Outcomes 7 MoA 12. Social Influences 14
BCT 11. Regulation 5 MoA 19. Self-image 11
BCT 16. Covert Learning 5 MoA 26. Perceived susceptibility/ vul-

nerability
10

BCT 7. Associations 4 MoA 2. Skills 8
BCT 10. Reward and Threat . . . . . . . . . . . . . . 3 MoA 4. Beliefs about Capabilities 8
BCT 13. Identity 3 MoA 13. Emotion 6
BCT 15. Self-belief 2 MoA 3. Social/Professional Role and

Identity
5

BCT 8. Repetition and Substitution 2 MoA 16. Subjective Norms 4
BCT 1. Goals and Planning . . . . . . . . . . . . . . 1 MoA 14. Behavioral Regulation 3
BCT 3. Social Support . . . . . . . . . . . . . . 1 MoA. 18. Motivation 3
None 3 MoA 23. Social Learning/Imitation 3

MoA 17. Attitude towards the Behav-
ior

2

MoA 9. Goals . . . . . . . . . . . . . . 1
MoA 15. Norms 1
MoA 20. Needs 1

4.2 RQ2 Behavior Change Techniques and
Mechanisms of Action

We summarized how the implemented behavior change interven-
tions relate to the Behavior Change Techniques (BCT) defined by
Michie et al. [76] and the Mechanisms of Action (MoA) by Carey
et al. [15]. Table 3 shows an overview of the frequency of allo-
cated BCT categories and MoAs and their effectiveness. As this
view summarizes papers that measured behavioral outcomes and
papers measuring intention or other constructs, we show a separate
overview of papers that only measured a behavioral outcome in
Table 4.

Starting with BCTs, the papers were grouped by the direction
of change: 30 aimed to perform a wanted behavior, 21 aimed to
inhibit an unwanted behavior, and 2 were unclear about the target
of the direction. Table 5 provides an overview of the papers that
employed the three most commonly used BCTs, detailing how each
was implemented in relation to the physical environment.

Of the 16 high-level categories of the Behavior Change Tech-
nique Taxonomy [76], the papers covered 14. While the papers were
coded on sub-category level (93 in total), we focus the reporting on
the high-level categorization and refer the reader to the Appendix,
where we list the sub-category allocations. The most frequent be-
havior change technique was BCT 5. Natural Consequences with 31

uses. For example, Seals et al. [104] showed how germs disappear
from a person’s hands when washing them correctly and Mulders
and Träg [84] visualized a distant location (i.e., the rainforest) that
was affected by climate-harmful behavior, to influence participants’
pro-environmental behavior. 16 papers were classified as BCT 6.
Comparison of Behavior. An example is given by Colley et al. [23]
who used an eco-score to communicate eco-friendly car driving
behavior in comparison to others driving around them, hoping to
influence their behavior towards more eco-friendly driving. Michael
and Lutteroth [74] implemented a system, where a person biked
against their past and projected future versions, comparing their
current performance with their past and potential future state. With
14 papers, the third most common BCT allocated is BCT 2. Feed-
back and Monitoring. For example, Yong et al. [141] implemented
a conflict-resolution system, where close others can experience a
conflict discussion from their partner’s perspective. Participants
first recorded the discussion and then viewed it from their partner’s
point of view. In Johnsen et al. [58] participants helped out training
a virtual and overweight dog by increasing their physical activity.
Their activities were monitored and they received indirect feedback
by the dog’s body changing in response to their physical activity.
The other 11 BCT categories were represented with between one
and seven papers in each category. The number of BCTs allocated
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Table 4: Distribution of papers by behavior change techniques (BCT) and mechanisms of action (MoA). The “Effectiveness”
column shows the distribution of papers that measured positive ( ), mixed ( ), or no ( ) effects in terms of short-term
effectiveness of the behavior change intervention. The figure only includes papers with a behavioral outcome. Next to the
number of papers in each category (“# Papers”), we show the ratio of how many papers measured short-term effectiveness ( )
in contrast to how many did not ( ). The latter are not considered in the effectiveness bars.

BCT Category Effectiveness # Papers MoA Effectiveness # Papers

BCT 5. Natural Consequences 16 MoA 1. Knowledge 15

BCT 6. Comparison of Behavior 10 MoA 22. Feedback Processes 14

BCT 2. Feedback and Monitoring 9 MoA 6. Beliefs about Consequences 13

BCT 4. Shaping Knowledge 3 MoA 11. Environmental Context and
Resources

10

BCT 9. Comparison of Outcomes 3 MoA 12. Social Influences 8

BCT 11. Regulation 2 MoA 26. Perceived Susceptibil-
ity/Vulnerability

8

BCT 16. Covert Learning 5 MoA 19. Self-image 6

BCT 7. Associations 1 MoA 4. Beliefs about Capabilities 5

BCT 10. Reward and Threat . . . . . . . . . . . . . . 3 MoA 2. Skills 4
BCT 13. Identity 2 MoA 3. Social/Professional Role and

Identity
3

BCT 15. Self-belief . . . . . . . . . . . . . . 1 MoA 18. Motivation 3
BCT 8. Repetition and Substitution . . . . . . . . . . . . . . 1 MoA 23. Social Learning/Imitation 2
BCT 1. Goals and Planning . . . . . . . . . . . . . . 1 MoA 13. Emotion 2

MoA 20. Needs 1
BCT 3. Social Support . . . . . . . . . . . . . . 1 MoA 9. Goals . . . . . . . . . . . . . . 1

MoA 16. Subjective Norms . . . . . . . . . . . . . . 1

to a single paper varied largely. On average, a paper was allocated
to 2.0 (SD=0.9) BCT categories, varying from 1 (e.g., [32, 48]) to
5 [36, 58].

For the Mechanisms of Action (MoA), we allocated on average 3.4
(SD=1.7) MoAs to a single paper, with allocations reaching from 0
[57, 60] to 8 [130]. Of the 26 MoAs in Carey et al. [15], we allocated
19. The most commonly allocated MoA, is MoA 1. Knowledge (31
papers), followed by MoA 11. Environmental Context and Resources
and MoA 22. Feedback Processes with each 21 papers, and MoA 6.
Beliefs about Consequences and MoA 12. Social Influences with 19
and 14 papers respectively. An example for the knowledge MoA
is [130], where adolescents receive information about the risks of
vaping in a VR scenario, where they practice rejecting incentives
to vape. Thus, it combines informing participants about risks with
environmental context and social influences, and is a good example
of how often several MoAs can be applied as causes through which
the intervention is effective. A good example for the MoA related
to environmental context and resources is Chittaro et al. [20]’s work,
where participants take a walk through a virtual cemetery or neu-
tral public park. This intervention is meant to influence a person’s
attitudes towards risks, and indeed the cemetery group reported a
higher perception of risk for hazardous behavior compared to the

park group. This type of experience is a common example, where
authors leverage the control over the environment they have with
XR. Another example is the work by Plechatá et al. [93], where
participants’ environment would change around them as a reaction
to the type of food they prepared virtually. Participants’ collective
action intentions and meat reduction intentions significantly in-
creased through the intervention. An example for feedback processes
is shown in Wienrich et al. [134], where participants saw virtual
balloons filled with CO2 based on their individual CO2 footprint
that was assessed in the beginning of the study. While the balloon
visualization itself did not impact environmental self-efficacy more
than a numerical value, displaying an extended feedback period (i.e.,
projecting the CO2 levels for 1 compared to 3 years) did have an
effect on environmental self-efficacy. Another interesting set of ex-
amples is in the perceived susceptibility/vulnerability category. Here,
Seals et al. [104] aimed to increase health behavior, particularly
hand hygiene behavior during Covid-19, by targeting the perceived
threat-severity and perceived threat-susceptibility through visualiz-
ing germs on a user’s hands with AR. The applicationwas successful
in increasing these variables through a combination of showing
germs on a user’s hands and seeing a self-reflection of themselves.
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Table 5: Overview of works grouped by the three most common Behavior Change Techniques (BCTs, in rows), categorized
according to how their presented XR behavior change intervention relates to the physical world (in columns). A visual summary
of short-term effectiveness distribution is shown through bars at the top of each cell:Ë for positive effects,Ë for mixed results
(i.e., some outcome variables showed a positive effect), and é for no observed positive effect. The figure differentiates papers
measuring behavioral outcomes from those measuring intention (I ), behavior in XR (XR), and related constructs (O for other).

AR VR

Augmenting physical world Simulating physical world Replicating physical world Time projection of physical
world

Creating abstract virtual
world

BCT 5. Natural
Consequences

Promoting proactive measures
against Covid-19 by watch-
ing the virus spread from a
person [139]Ë, Increasing
pro-environmental attitudes
and behavior by showing
affected biomes in immediate
surroundings [65]Ë, Reducing
smartphone use of children by
overlaying facial expressions
communicating parents’ emo-
tions on doll [44]Ë, Increase
student interest and motivation
in field trips showing addi-
tional information [109]Ë (O),
Increasing pro-environmental
behavior and attitudes towards
conservation work showing
affected apes in immediate
surroundings [32]Ë

Reducing attitudes towards
risk taking by walking through
virtual cemetery [20]Ë (O),
Preventing e-cigarette use by
practicing to reject offer [130]Ë
(I), Preventing school bullying
by experiencing perspectives
of bully and victim [43]Ë
(I), Reducing speeding behav-
ior through persuasive road
marking system [131]Ë (XR),
Increasing personal response
efficacy and environmentally
friendly food choice by seeing en-
vironmental impact information
in supermarket products [72]é,
Promoting pro-environmental
behavior by exploring plastic-
polluted sea [111]é

Promoting pro-environmental
behavior by virtually snorke-
ling through Great Barrier
Reef [51]Ë (I), Enhancing con-
flict resolution by taking other
person’s perspective [141]Ë,
Fostering environmental and
biodiversity knowledge by
virtually traveling to distant
locations [84]é (I)

Promoting eco-friendly behavior
by showing personal CO2
footprint [134]Ë (I), Promoting
collective climate action by
seeing immediate effects of food
choice on environment [93]Ë,
Promoting pro-environmental
attitudes by time traveling
through climate change-affected
world [91]Ë, Promoting sus-
tainable traveling behavior by
comparing personal benefits to
environmental effects [96]é (I)

Fostering self-reflection by
creating personal environment
reflecting challenges and emo-
tions [127]Ë (O), Promoting
mental health by creating
virtual world to express emo-
tions [126]Ë

BCT 6. Compari-
son of Behavior

Promoting recycling behav-
ior by practicing sorting
trash [16]Ë (I), Managing
attention by visualizing brain-
wave activity [40]Ë, Increasing
engagement in closed-loop
communication behavior by
practicing it [26]Ë

Increasing physical activity by
customizing workout sessions in
VR [117]Ë, Increasing physical
activity by comparing perfor-
mance against past and future
states [74]Ë, Practicing public
speaking skills with virtual
audience [21]Ë, Practicing
bushfire protection behavior
through simulation [82]Ë,
Preventing e-cigarette use by
practicing to reject offer [130]Ë
(I), Practizing nursing skills
through simulation [138]é (O)

BCT 2. Feedback
and Monitoring

Reducing smartphone use of chil-
dren by overlaying facial expres-
sions communicating parents’
emotions on doll [44]Ë, Man-
aging attention by visualizing
brainwave activity [40]Ë

Increasing physical activity by
customizing workout sessions in
VR [117]Ë, Increasing physical
activity by comparing perfor-
mance against past and future
states [74]Ë, Practicing public
speaking skills with virtual
audience [21]Ë, Treating fear
of flying through desensitization
training with physiological feed-
back [132]Ë, Reducing speeding
behavior through persuasive
road marking system [131]Ë
(XR)

Enhancing conflict resolution by
taking other person’s perspec-
tive [141]Ë

Promoting eco-friendly behavior
by showing personal CO2 foot-
print [134]Ë (I)

4.3 RQ3 Effectiveness
We summarized the papers’ effectiveness over time and their com-
parative effectiveness. In our analysis of effectiveness, we did not
consider studies that only reported structural equation modeling
results (e.g., as in van der Waal et al. [119], where experiencing
consequences leads to increases in perceived severity, which then
has a mediating effect on snack intake), as these do not allow
for a direct assessment of the effectiveness of XR interventions.

The vast majority of the studies employed pre–post designs or
between-group comparisons (with non-XR conditions), which al-
low for the direct assessment of XR intervention effectiveness. Not
all 53 papers employed a behavioral measure. We identified a behav-
ior–intention gap in 12 papers that measured intention to change
behavior but not the behavior itself. Additionally, 5 papers mea-
sured behavioral outcomes in XR rather than in the physical world
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Table 6: Distribution of papers by behavior/intention/measurement gap. The “Effectiveness” column shows the distribution of
papers that measured positive ( ), mixed ( ), or no ( ) effects. Next to the number of papers in each category (“# Papers”),
we show the ratio of how many papers applied a measure in the respective category in contrast to how many did not ( ). The
latter are not considered in the effectiveness bars.

Short-term Effectiveness (pre-post) Long-term Effectiveness (pre-post) Comparative Effectiveness
Effectiveness # Papers Effectiveness # Papers Effectiveness # Papers

Behavior-Measurement 19/27 8/27 14/27
Behavior-Intention Gap 7/12 0/12 3/12
Behavior-Measurement Gap 1/5 0/5 1/5
Other Constructs 9/9 1/9 1/9

(behavior–measurement gap). Finally, 9 papers focused on behavior-
related constructs such as attitudes [20, 118]. An overview of the
categorization per paper is provided in the supplementary mate-
rial. Table 6 summarizes the three effectiveness types (short-term,
long-term, comparative) by outcome measure.

4.3.1 Effectiveness Over Time. 36 papers (68%) measured short-
term effectiveness of the intervention with a pre-post design and
9 papers (17%) measured long-term effectiveness with a pre-post
and follow-up design. Of the 36 papers that measured short-term
effectiveness, 19 measured a behavioral outcome, of which 15 found
a positive effect of the intervention on the intended behavior. Of
the 7 papers measuring an intention, 5 measured a positive effect.
Of the 9 papers that measured a related construct, such as attitudes,
5 found a positive effect. For example, Gweon et al. [44] found
positive effects from an AR application that allowed parents to
provide emotional feedback to their children regarding smartphone
use. After a 2-week intervention, children showed significantly im-
proved rule-compliance and a reduction in problematic behaviors.
Three papers measuring short-term effectiveness with a behavioral
outcome did not find an effect. For example, in Meijers et al. [72],
the VR-based intervention offering impact messages about food
choices did not directly lead to more sustainable purchasing be-
haviors after intervention. One paper reported mixed results in
short-term effectiveness for a behavioral measure Dunn et al. [32]
reported that their AR game was effective at increasing players’
environmental knowledge and improving their pro-conservation
attitudes but there was no significant change in players’ intention
to purchase environmentally friendly products. We provide a table
summarizing all outcomes (behavioral, intention, and related con-
structs) separated by effectiveness measurement in Appendix 21.

Of the 9 papers that measured a long-term effect, 8 reported a
behavioral outcome measure and 1 measured a related construct. 5
papers reported a positive effect on behavioral outcomes, 2 no effect,
and 1 mixed results. Jurcik et al. [60] found that the effectiveness of
their AR exposure therapy for spider phobia significantly improved
over time, with participants showing even greater behavioral gains
at the one-month follow-up than immediately after treatment.

4.3.2 Comparative Effectiveness. 19 papers (36%) measured the
effectiveness of an XR intervention compared to a non-XR inter-
vention. Of these, 14 measured behavioral outcomes, 3 measured
intentions to change behavior, 1 measured behavior in XR, and 1
measured a related construct. Of the ones measuring a behavioral

outcome, 8 reported positive effects, 5 reported negative effects, and
one a mixed effect. Of the ones measuring intention, 2 measured a
negative effect and one a mixed one, but none a positive effect. The
non-XR interventions are typically non-immersive intervention
techniques such as videos (e.g., [32, 35, 73]) or traditional teaching
(e.g., [138]). For example, Wiederhold et al. [132] reported a positive
effect on a behavioral outcome. The paper compared Virtual Real-
ity Graded Exposure Therapy with traditional Imaginal Exposure
Therapy for the treatment of fear of flying. In the XR intervention,
participants were exposed to immersive virtual flight scenarios,
while the non-XR group was instructed to simply visualize these
scenarios in their mind. The study found a significant advantage
for the XR intervention; at a three-month follow-up, 90% of partici-
pants in the VR therapy groups were able to fly, compared to only
10% of those in the imaginal therapy group.

We also found papers that measured the effectiveness of their
intervention compared to another type or configuration of an XR
intervention through post-intervention tests. These papers are not
included in this analysis because, without a pre–post or baseline
comparison, it is not possible to determine the absolute effectiveness
of the XR intervention itself. For instance, Fox and Bailenson [36]
conducted a series of studies comparing different configurations
of an immersive virtual reality intervention designed to promote
exercising. In their study, they tested whether using an avatar of the
‘self’ wasmore effective than an ‘other’, andwhether reward (virtual
weight loss) was more effective than punishment (virtual weight
gain). The study found that participants exercised significantlymore
when viewing a virtual ‘self’ compared to an ‘other’, regardless of
whether the consequence was a reward or punishment. However,
this finding only establishes the relative advantage of a self-avatar
over an other-avatar within an XR context, and it cannot determine
the absolute effectiveness of the intervention itself, as no baseline
for behavior was measured.

4.4 RQ4 Unique Advantages of XR
We annotated one primary advantage for each paper, based on the
psychological barriers in the BehaveFIT framework [133]. Around
half of the papers (27) focused on visualizing behavioral conse-
quences, primarily addressing the “temporal distance” and “spatial
distance” barriers. The remaining papers (26) were categorized into
visualizing abstract information (10), practicing the behavior (8),
allowing gradual control of a stimulus influencing a behavior (5),
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Table 7: Distribution of papers by the coded unique advantage of XR. The upper section focuses on papers with consequence-
related focus, categorized by temporal and spatial distance to the consequence they show. Temporal distance is indicated by
�, while no distance is marked by �. Similarly, spatial distance is represented by �, and its absence by �. These distances
reflect challenges that XR technologies may help to overcome. The remaining icons serve to structure the figure and facilitate
cross-referencing with the corresponding text. “# Papers” shows the number of papers in each purpose category and bars
visualize their short-term effectiveness. The figure differentiates papers measuring behavioral outcomes from those measuring
intention (I ), behavior in XR (XR), and related constructs (O for other).

Unique Advantage of XR Dimension # Papers Papers

Visualize currently occurring but spatially distant consequences
of behavior

� � 8 [51]Ë (I), [65]Ë, [32]Ë, [84]é (I),
[111]é, [129]é (I), [73]é, [35]é

Visualize feedback by showing consequences based on actions
in XR

� �/� 6 [93]Ë, [91]Ë, [96]é (I), [92]é, [36]é,
[58]é

Experience behavior and its consequences from different per-
spectives

� � � 5 [43]Ë (I), [141]Ë, [118]é (O), [39]é,
[33]é (I),

Visualize currently occurring and spatially close, but invisible
consequences

� �� 4 [134]Ë (I), [139]Ë, [19]é (I), [104]é
(I)

Experience potential negative and dangerous consequences
safely

� � � 2 [103]Ë, [122]é

Visualize temporally distant consequences � � 2 [20]Ë (O), [119]é

Visualize abstract information � 10 [40]Ë, [117]Ë, [74]Ë, [44]Ë, [48]Ë
(O), [131]Ë (XR), [109]Ë (O), [72]é,
[23]é (XR), [14]é (XR)

Practice the behavior î 8 [26]Ë, [21]Ë, [82]Ë, [130]Ë (I),
[16]Ë (I), [138]é (O), [100]é, [70]é (I)

Gradually control the stimulus � 5 [60]Ë, [132]Ë, [102]Ë (O), [57]é
(XR), [4]é (XR)

Express and reflect abstract feelings ⌣ 3 [127]Ë (O), [126]Ë (O), [55]Ë (O)

and expressing and reflecting on abstract feelings (3). Table 8 shows
an overview of the distribution of papers into these categories.

Themain advantages related to consequences combined different
temporal and spatial components that makes it difficult (or impossi-
ble) to experience these consequences in “real life”. For example, 8
papers used XR to visualize currently occurring but spatially distant
consequences of a behavior (� �). For instance, Chirico et al. [19]
visualized plastic consumption by showing plastic bottles in the
user’s immediate surroundings. It materializes a currently happen-
ing consequence in a concrete form by showing the average plastic
consumption as plastic bottles in a natural environment. The expe-
rience does not include an active component though, so the person
does not experience the plastic bottles as a direct consequence of
an action performed in XR, rather it shows the generalized conse-
quence of an occurring behavior (generalized as in showing plastic

waste generated by a population and not an individual). The au-
thors found that combining the plastic bottle visualization with a
numerical one increased general attitudes toward the environment
compared to a numerical visualization alone.

Another 6 papers used XR to visualize consequences as a di-
rect feedback to an action in XR (� �/�). These are cases where
consequences typically occur in the future when accumulating the
behavior over a longer time. However, in the presented interven-
tions they occur in a “sped-up” way and are shown directly in the
user’s environment. They may also present a spatially distant conse-
quence but can also show spatially close ones. In Fox and Bailenson
[36], for instance, participants performed exercises in VR seeing a
personal representation of themselves in front of them that visually
gained or lost weight as a result of the action performed in VR, thus
visualizing consequences that occur in the future in a sped-up way.
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The researchers found an effect on exercise repetitions, which were
higher in conditions where participants saw a self-representation.
Papers in this category may also include behaviors that have accu-
mulated effects that are spatially distant, such as Plechatá et al. [93],
who show immediate environmental consequences as a feedback
to food choice in a cooking task. However, the main focus is on the
temporal domain as main advantage of XR.

Some 5 papers used XR to let participants experience their behav-
ior and its consequences from different perspectives (� � �). One
such work is Gu et al. [43]’s experience on school bullying, where a
participant’s takes the bully’s, victim’s, or bystander’s perspective
to experience the consequences of their actions from different view
points.

Another 4 papers visualized currently occurring but invisible
consequences (� ��), such as Xu and Dam [139]’s work on visu-
alizing germs as discussed earlier in Subsection 4.1.2.

Two papers [103, 122] let participants intentionally experience
negative consequences of their behavior immediately and in a safe
way (���). Schwebel et al. [103] let participants cross a busy road
in VRwhile texting on their phone. The intention of the authors was
to reduce distraction in street crossing behavior by exposing the
participants to negative consequences thereof. Two weeks after the
intervention participants self-reported to engage less in distracted
pedestrian behavior. They also indicated that they were thinking
more carefully about crossing streets while distracted. In Vankov
et al. [122]’s VR experience participants could try out to drive a
car under the influence of drugs. The VR experience visualized
several perceptual effects of drugs like alcohol and cannabis, such
as blurred vision. In a comparison to a group of participants who
did not experience such effects, self-reported driving under the
influence was not effected over the duration of three months.

Finally, 2 papers focused solely on visualizing temporally dis-
tant consequences (� �). In [20] participants took a walk through
a cemetery with death-related cues to influence their attitudes
towards risk taking. The temporal component here is to make a
potential future consequence more salient to users. The experience
was effective since it significantly increased risk perception in the
cemetery scenario compared to participants who walked through a
public park.

For the papers not related to consequences, ten used XR to dis-
play additional information while performing a behavior (�). This
might be information that is typically hidden but XR provides
the possibility to visualize it in-sight (e.g., attention levels [40])
or information that visualizes abstract information, for example,
visualizing the past performance while being physically active to
improve performance [74].

8 papers used XR in a more traditional sense as simulation tech-
nology, letting participants practice a behavior (î). They often
highlight XR’s capability to provide a replicable and controllable
environment (e.g., [26, 70]), primarily to facilitate access to expen-
sive equipment or complex, resource-intensive practice sessions,
such as conducting a mooring operation [70]. An especially useful
case is to practice responses to a behavior as prevention in a safe
situation. For example, Weser et al. [130] allowed adolescents to
practice how to refuse e-cigarettes. After the XR intervention, their
knowledge increased, their perceived harms got heightened and
their self-reported likelihood of use decreased.

5 papers leveraged XR’s potential to gradually control a stimulus
(�), which is fundamental for exposure therapy. Here, XR allows
participants to be gradually exposed to a triggering stimulus either
in a fully virtual world [132] or by overlaying the physical world
with a virtual stimulus, for example, a virtual spider in augmented
reality that gradually moves closer to an arachnophobic patient [60].
Jicol et al. [57] was grouped into gradual control over stimulus but
it overlaps with the practice category, because it simulates a street
harassment situation and lets participants react to the harassment
either actively or passively. Participants perceived VR to be signifi-
cantly more useful than videos. Another example is experiencing a
conflict resolution situation from the perspective of the person one
is arguing with [141], as discussed earlier.

Finally, three papers leveraged XR’s ability to give concrete form
to abstract feelings or emotions (⌣). Examples include Wagener
et al. [126]’s Mood Worlds and Wagener et al. [127]’s use of virtual
expressions to foster self-reflection.

5 Discussion
5.1 Discussion of Main Results
This paper was motivated by the emergence of XR-based behavior
change interventions. It was particularly inspired by the compelling
arguments made by several researchers (e.g., [11, 133]) about the
many exciting opportunities XR offers, especially its potential to
address limitations of traditional behavior change technologies.
The most significant shift involves moving away from information-
centric approaches, which have shown limited effectiveness [3],
toward experience-centric approaches, as argued by HCI scholars
researching behavior change technologies [94].

We examined technical and psychological XR components, be-
havior change theories (BCT and MoA), and the main advantages
identified in the reviewed papers. We also assessed the reported
effectiveness of these interventions. Our review highlights both
the diversity and the breadth of the design space of XR interven-
tions, demonstrating the potential of immersive technologies to
visualize and support key aspects of intervention design. Regarding
effectiveness, the results leave us optimistic, with 70% of the papers
assessing short-term outcomes reporting positive and 11% mixed
effects, and 67% of those evaluating long-term outcomes reporting
positive and 11% mixed impacts. Comparisons between XR-based
interventions and alternative technologies yielded slightly lower
effectiveness, with 47% of the relevant studies reporting positive
and 16% reporting mixed results. However, it is important to note
that the comparison analysis is based on only 19 papers.

RQ1. Most papers used VR as a simulation tool, replicating as-
pects of the physical world rather than exploiting its potential to
influence perception. Implementations often used realistic or ab-
stract elements, reflecting a conventional view of behavior change
technologies. For instance, several papers visually illustrated how
physical activity affects the body (e.g., [36, 119]), but none em-
ployed perceptual manipulations such as movement illusions [22]
or weight manipulations [97]. This may be because most of the
reviewed papers were published outside of HCI, highlighting a clear
opportunity for the HCI community to contribute more substan-
tially in this area.
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Regarding psychological factors, our analysis focused on high-
level constructs due to diverse study designs. Overall, XR appears
underutilized in its potential to affect psychological outcomes.

RQ2. Our analysis of BCTs and MoAs revealed a reliance on tra-
ditional approaches, with Knowledge being the most common MoA
(31 papers). However, some papers leveraged XR’s unique capabil-
ities to visualize social or environmental consequences in users’
surroundings. In addition, the BCT comparison of behavior was
fairly populated, suggesting XR’s suitability for illustrating alterna-
tive futures. AR-based interventions showed promising short-term
effects, indicating that integrating virtual elements into physical
environments may be a fruitful research direction. Conversely, com-
parison of outcomes had the fewest positive results, reinforcing that
targeting behavior itself, rather than its outcomes, is generally more
effective, consistent with prior findings in behavioral science [78].

RQ3. We measured effectiveness as a binary variable and are
optimistic about XR’s potential, though measuring actual behav-
ior change is challenging. For example, interventions targeting
bullying [43] or street harassment [57] face ethical and logisti-
cal barriers leading many studies to measure intentions instead.
However, intentions only weakly predict behavior, as a recent meta-
analysis [128] found that even large intention shifts yield modest
behavioral change.

Most papers included multiple measures, targeting different as-
pects of behavior. In our causal figures, we captured detailed infor-
mation about each measurement and its respective effectiveness, as
described in Subsection 3.5. For instance, some papers reported me-
diating factors (e.g., presence level [84] or self-efficacy ratings [92])
influencing behavior, which could not be captured within the scope
of this high-level analysis.

RQ4. We analyzed the main advantages of the reviewed papers
using the psychological barriers outlined in Wienrich et al. [133]’s
BehaveFIT framework. Reviewed papers often employed temporal
and spatial strategies to make consequences more immediate. While
the BehaveFIT barriers proved useful, they lacked the granularity
needed to fully capture the nuanced ways in which consequences
were implemented. To address this, we categorized the papers by
XR’s main advantage, which may serve as an initial step toward
constructing a design space that maps the possibilities XR offers
for implementing behavior change mechanisms. However, for such
a design space to be practically useful, a more nuanced articulation
of these dimensions is needed. The traditional focus is evident in
this analysis too, with most papers falling into the category of vi-
sualizing abstract information. Often XR is used to make invisible
information visible or to provide it in-context (e.g., showing the
environmental impact of a product in a grocery store [72]). How-
ever, we believe that XR can go further. For example, some studies
enabled participants to create their own virtual world based on
virtual drawing of their inner states [126, 127].

5.2 How Extended Reality Can Support
Behavior Change

Our review revealed that XR offers a broad design space for imple-
menting behavior change interventions, yet most reviewed studies
used XR primarily as a simulation tool rather than leveraging its

unique experiential qualities. Below, we discuss ideas how XR can
support behavior change through its advantages and qualities.

5.2.1 Which MoAs and BCTs are XR interventions useful for? While
Knowledge was the most common MoA, XR offers many opportuni-
ties to target other mechanisms. For instance, Feedback Processes
could leverage physiological sensors integrated into XR devices to
provide dynamic, in-situ feedback, integrating the feedback with
the actual action. Feedback mechanisms in XR are not limited to 2D
overlays and could show past versions of the user as non-embodied
avatars, such as the “ghosts” in Michael and Lutteroth [74]. Further-
more, feedback is not limited to the visual modality. users could
embody previous versions of themselves and experience differences
through redirection techniques. Similarly, Self-image and Beliefs
about Capabilities could be reinforced by allowing users to perform
actions in XR and then switch perspectives to observe themselves
succeeding. For BCTs, XR is particularly promising for Natural Con-
sequences. Most reviewed papers simulated distant environments,
but XR could show consequences in users’ immediate surroundings,
for example, visualizing climate change effects on their own plants
instead of on far-away flora and fauna or flooding their living room
to depict rising sea levels. Personalization adds further potential to
enhance existing mechanisms of behavior change: deterrent images
on cigarette packs could be replaced with visual changes to the
user’s own body or hands when reaching for a packet.

5.2.2 How can the relation to the physical world support behavior
change? Augmenting the physical world primarily targets a person’s
direct context, positioning the intervention directly in a person’s
surroundings. This might make behavior change faster and easier
by relating it directly to a person’s context, as discussed in the
examples relating consequences above. It might also make the ac-
tions required for behavior change more salient and actionable. For
example, one could augment specific targets (e.g., healthy food)
in the environment and hide others (e.g., candy) when a person
aims to learn a behavior (e.g., eating more healthy). That way AR
interventions could use saliency manipulation [113] to decrease
saliency of stimuli that might trigger a negative behavior or habit,
or, alternatively increase saliency of stimuli triggering desired be-
havior.

Simulating and replicating environments was the most common
technique for linking virtual and physical content. This approach
could be extended by gradually adapting the simulated environment
based on user feedback. Over time, simulations could transition
into augmentations of the physical environment, moving from
controlled setups in entirely virtual worlds toward experiences that
are integrated into everyday life through AR.

Time projections of the physical world ere less explored than ex-
pected and deserve deeper exploration. Few studies examined this
component in detail, including factors such as a person’s degree
of control over the time projections, which is connected to sev-
eral of their actions (e.g., seeing their consequences immediately
versus seeing them delayed). XR could enable mechanisms that
let users ‘travel through time’ to experience the long-term impact
of their behaviors across different environments. This approach
holds significant potential for comparative studies, exploring how
various future visualizations influence the perceived relevance of
consequences.
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Creating abstract virtual worlds remains underutilized, despite
creating spatial imaginary or abstract worlds being one of the
unique advantages of XR, and it is surprising to not see more re-
search in this direction. Abstract virtual worlds could not only
be used for visualizing abstract constructs as done in Wagener
et al. [126]’s work but could also help people visualize difficulties
throughout the behavior change process, focusing more on the vi-
sualization of the experience. Those worlds could also be explored
collaboratively.

5.2.3 How can XR interventions support behavior change or habit for-
mation over time? While short-term effects of XR interventions are
promising, few studies examined long-term behavior change. How-
ever, XR might be particularly useful to support behavior change
and habit formation over time. For example, devices could detect
emerging habits and provide personalized suggestions, highlight-
ing which habits to strengthen and where new behaviors could fit,
following the argumentation that habits are the main driver for
behavior change [3] and connecting new habits to existing ones
is often more successful than establishing them alone. XR could
also help bridge the intention–behavior gap by making intentions
visible and salient in everyday contexts. Using self-avatars, the
concept of self-future continuity [38] could be further explored. For
instance, when struggling to adhere to a defined behavior, users
could interact and converse with different versions of their future
selves, embodying successful change.

5.3 Critical Perspective on When Extended
Reality Should Be Used for Behavior Change

Our analysis highlights XR’s advantages for behavior change. How-
ever, many papers still relied on more traditional approaches, often
based on knowledge as the main mechanism and not entirely lever-
aging XR’s potential. Given challenges such as VR sickness and
general discomfort [49], limited accessibility [136], security and
privacy risks [41, 71], and ethical concerns around perceptual ma-
nipulations [86], it is critical to discuss when does XR offer enough
added value to justify its use for behavior change?

Few reviewed papers discussed ethical implications or moral con-
cerns. Yet, there are many potential consequences on individual or
societal level. The experiences presented in the papers focused on
enabling positive behavior change, often without engaging in a crit-
ical perspective of potential negative effects. As some researchers
argue, including XR into our daily life can have consequences on
perceptual integrity [86] and the balance between the advantages
and disadvantages need to be discussed in more detail. For VR, the
DICE framework [10] suggests that we should use VR primarily
for experiences that are Dangerous, Impossible, Counterproductive,
or Expensive. Several papers align with this principle (e.g., [103]
exposing users to distracted walking risks safely).

However, we argue that relying solely on DICE or functional
comparisons fails to recognize the unique psychological qualities
of XR and the advantages offered by them, such as presence and
embodiment. While 2D displays can provide information about
future consequences (e.g., visually displaying weight gain), they
typically keep the user in a third-person perspective. In contrast,
XR allows users to experience these consequences more vividly. For
instance, van der Waal et al. [119] demonstrated that embodying

an overweight avatar in VR, rather than simply observing, created
a sense of virtual body ownership, which significantly increased
the perceived severity of the health threat, which in turn motivated
actual behavior change. This suggests that XR’s unique advantage
lies in its ability to bridge the gap between knowing a risk and
feeling or experiencing it personally, transforming an abstract con-
cept into a personal and tangible experience. However, we yet lack
guidelines or evaluative principles that guide researchers when
such experiences outweigh the negative components.

5.4 Toward Theory-Driven XR Behavior Change
Interventions

As illustrated in our paper, XR provides a plethora of possibili-
ties how to implement behavior change interventions, which is
not available or possible using traditional intervention techniques.
The almost limitless control it provides makes XR an ideal tool
for behavioral experiments, and frequently argued in previous re-
search [11, 13]. However, there is a significant gap between the
potential of XR and its current application. While the design dimen-
sions for XR interventions are seemingly infinite, our review shows
that they are only sparsely utilized. Therefore, a concrete next step
is to formalize this design space in order to create an actionable
tool that enables behavioral science researchers to leverage XR to
its full potential.

Similar to previous work analyzing how underlying processes
(e.g., determinants [3], mediators [47], or our used BCTs andMoAs [15,
76]) are represented in behavior change interventions, we found
that the proposed interventions included on average 2 BCTs and
3.4 MoAs. This makes it difficult to allocate effects to individual
underlying mechanisms. This might be intentional but likely caused
by a predominantly exploratory focus of the studies that often did
not set out from a concrete BCT or other construct but used rather
speculative argumentation for their concrete design. This is fine for
an initial exploration of the design space of XR behavior change
interventions. However, in the long-run it many individual tech-
niques, which makes it difficult, if not impossible, to synthesize
their effects in meta-analyses or other secondary research synthesis
methods. This is surely a challenge for behavior change research
in general. Take the simple quantity of behavior change theories
and models (e.g., [75, 77, 124]). However, we argue that HCI or XR
researchers should not try to reinvent the wheel here and document
their point of departure by clearly identifying and reporting the
theory or behavioral model they use for their work. Therefore, we
make the following suggestions toward theory-driven XR behavior
change interventions, addressed to researchers and practitioners
and summarized in Table 8 and Table 9.

Our suggestions are grouped into XR-related suggestions, theo-
retical grounding, and measures. The part on theoretical grounding
of behavior change interventions is not unique to our work, and
has been stated before in HCI [47] and the behavioral research
field [105]. However, our intention is that this work serves to bridge
behavioral change theory with work on XR. Therefore, we repeat
some longstanding recommendations from prior research with a
particular focus on XR.

As noted throughout the paper, the heterogeneity of study de-
signs and XR-related qualities prevented us from analyzing causal



Experiencing Change: A Scoping Review of Behavior Change with Extended Reality CHI ’26, April 13–17, 2026, Barcelona, Spain

Table 8: Framework for theory-driven XR behavior change interventions. Part 1.

Topic Suggestion

Extended Reality/Immersive Technologies

✓ Psychological XR Qualities When designing a VR intervention consider effects of Presence (consider Xiao et al.
[137]’s work of the construct’s dimensions), Agency, Perspective, and Connection to
Action, which emerged as core qualities with potential influences on XR outcomes.

✓ Participants’ Engagement in Behavior in XR Clearly state how participants experience the XR behavior change intervention (i.e.,
first-person vs. embodied vs. third-person). Participant engagement in the behavior
emerged as a critical distinction but was rarely explicitly explained. For example,
first-person view and owning a body in VR might appear similar in their effects on
view point but are fundamentally different. Also explain how the actions performed
in XR are connected to the intended behavior change and why. In particular, justify
reasons for why participants passively experience or actively engage in the behavior
and their expected effects.

✓ Multimodal Manipulations Consider going beyond visual manipulations toward embracing XR’s ability to
influence perception in other modalities (e.g., haptic and auditory) and how they
could be used for behavior change.The review revealed a lack of non-visual percep-
tual manipulations.

✓ Purpose of XR Clearly articulate your intentions and arguments for using XR and relate them to
the theoretical construct mention in Theoretical Grounding. Authors often provided
immersion as reason, which is simply a definition of the technology and does not
satisfyingly explain the need for using XR.

effects of XR features on behavioral outcomes. For example, whether
presence or agency directly affect behavior change cannot be an-
swered in this review because the available data do not support
such conclusions. Our framework is therefore intended to guide
researchers in designing XR interventions that enable systematic
meta-analyses in the future. It summarizes the types of changes
needed in reporting and targeting XR interventions to be able to
synthesize causal effects.

5.4.1 Research Gaps. The framework summarizes the learning
from our findings into suggestions on how to conduct XR behavior
change intervention studies in a reliable and valid way. This process
also let us to discover a number of research gaps, which we outline
in the following.

Perspective. The point of view or perspective through which a
person experiences a behavior should be further studied. Hoppe
et al. [52] propose a continuum of viewing perspectives in VR
including embodiment and view, which could be an interesting
foundation for studying effect of viewing perspective on behavioral
outcomes. This is related to studies on perspective-taking [121],
which are an interesting overlap of behavior change and social
psychology, both supported through XR.

Long-term effects of illusions. Another research gap is studying
how perceptual manipulations or illusions, such as the embodiment
illusion [61], influence behavior in a long-term perspective. While
immediate effects were found in the reviewed papers, pro-longed
results are necessary to fully evaluate their usefulness.

Multimodal manipulations. The reviewed studies relied heavily
on the visual modality. Longstanding research efforts on other
modalities, such as haptics [97] or movement illusions [22], are
underutilized but could be useful for inducing behavior change, for
example, by letting users practice a behavior.

Another example is the sense of embodiment. While some re-
searchers looked into effects of embodying different avatars, seeing
one’s actions projects into the future, such as visualizing oneself
performing a behavior, similar to Muresan et al. [85]’s work on
feedforward movement visualization to reveal interaction possibili-
ties.

The role of realism. Realism is a much discussed concept within
the XR community. Generally, researchers have not reached a con-
clusive result how important realism is when it comes to visual
photorealism. While XR does have the potential to create visually
realistic avatars and environments, its importance to behavioral
outcomes is understudied. It would be valuable to study realism
as a main influencing factor on behavioral outcomes and to iden-
tify which dimensions of realism (e.g., visual realism, behavioral
realism) predict behavioral change.

Ethical and societal implications. Ethical and societal implications
are rarely discussed. As laid out in Subsection 5.3, few papers men-
tioned or explained ethical consequences. More research should
go into discussing the impact of using XR illusions to influence a
person’s behavior. Important questions are, which behavioral use
cases justify the use of XR? How long should XR interventions be
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Table 9: Framework for theory-driven XR behavior change interventions. Part 2.

Topic Suggestion

Theoretical Grounding

✓ Grounding in Behavior Change Theory Clearly state the behavior change theory you subscribe to (e.g., the BCT taxon-
omy [76]). Ideally, focus on one at a time or clearly describe how the individual
ones will interact. We presented a general categorization of interventions into
BCTs in Table 3 and a more detailed one into sub-categories in Appendix E.

✓ State Underlying Behavioral Processes Determine and state the mechanisms through which your intervention is expected
to change behavior and explain how the XR design targets them. Use structural
classifications, such as Albarracín et al. [3]’s determinants or the MoAs [15] used
here. Only through clear links of intended mechanisms, we can increase our
knowledge about their effectiveness.

✓ Clarify Behavior-XR Hypothesis Clarify the effect you hope to find by clearly connecting XR features to the
behavior change theory they are based on and the measures obtained. We suggest
to use causal models [123] or our figures in Appendix C.1 to help structuring this
process.

Measures and Study Design Considerations

✓ Outcome Measure Clearly differentiate measures between behavioral outcome, behavioral intention,
and behavioral outcome measured in XR. More research should focus on comparing
and relating them to each other. In particular, the link between behavior and
intention seems weak [3, 128] but could be strengthened with XR by experiencing
rather than receiving information about a behavior.

✓ Behavioral Time Frame State the time frame over which you expect the behavior change to occur and
explain why it is adequate. In particular, more studies need to focus on long-term
behavior change, done by only few of the reviewed papers.

✓ Comparative versus Time Effectiveness Clearly articulate if you aim to show that XR has an advantage over another
technology (comparative effectiveness) or if you aim to show that it is effective
to change a behavior over time, independent of another technology (pre-post
effectiveness).

✓ Justify Measures Justify the measures used to evaluate the behavior change and relate them to
behavior change theory. The Human Behaviour Change Project [53] provides
an excellent online tool for relating BCTs to MoAs, also listing corresponding
measures. Explain how you deal with methodological problems, such as repeated
exposure to questionnaires, potentially reducing reliability of effects.

✓ Combine Several Sources If possible, combine several measures of a behavior, for example, combine objective
and subjective measures to support reliability and robustness.

✓ Justify Study Design Behavior is influenced by a variety of personal and environmental factors [46].
Justify the study design used. If you use a between-design make sure to match
participants along critical dimension (e.g., prior exposure to behavior, XR experi-
ence) to avoid confounder effects.

✓ Novelty Effects AR and VR are still emerging as consumer technologies and many people have not
used them before. Make sure participants get enough practice with the technology
to avoid a confounder effect of novelty.
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recommended to be used? Do XR behavior change interventions
lead to a new form of technology addiction?

5.5 Limitations and Future Work
This review covers only 53 papers, as we intentionally included
only those explicitly mentioning “behavior change”. We chose this
approach to balance relevance and reduce false positives. Including
terms that represent specific instances of behavior change, such
as “exposure therapy” or “practicing behaviors”, would likely have
expanded the set of papers. However, doing so would have required
selecting a representative, non-random subset of instances, which
was not feasible at the outset, as identifying these main advantages
of using XR for behavior change was one of our analysis goals.
A systematic review focusing on the effects of specific behavior
change instances would be a valuable next step for this work but
seems currently impossible because of the variety of measures.

We labeled the BCTs and MoAs based on the arguments pre-
sented in the papers for using XR and the theories they referenced.
However, we acknowledge that some BCTs and MoAs may have
been assigned differently than intended by the original authors. Our
aim was not to evaluate whether papers included direct statements
about these elements but rather to gain an initial overview of how
behavior change theory is currently applied in XR interventions.
The primary goal was to analyze the summative evidence across
studies.

Our choice of reporting effectiveness as binary variable does not
allow for more detailed insights into how specific components of
the interventions influence behavioral aspects. Due to the high het-
erogeneity of study designs, measures, targeted behaviors, it was,
unfortunately, not possible to provide more fine-grained analyses
of effectiveness. We made an attempt at analyzing XR-specific in-
fluence factors (e.g., agency and embodiment). However, due to the
sparse data (cause by not all studies measuring these) the models
did not converge (see Appendix G for details on the regression mod-
els). Research Gaps We analyzed complex psychological constructs
(i.e., agency and embodiment) in a rather simplistic way by treating
both as binary variables. We are aware that these constructs are
more complex and multi-dimensional as the paper could consider.
We hope that through our framework future studies follow a more
structured and cohesive presentation, such that effects of these
constructs can be analyzed more cohesively.

In future work, we plan to build on this review by further quan-
tifying and formalizing the relationship between individual XR
components and behavior change theories, with a focus on their
effectiveness. Specifically, we aim to expand the regression anal-
yses presented in Appendix G toward a meta-analysis of effects.
However, this requires conducting a systematic review, which was
beyond the scope of the current work.

6 Conclusion
This scoping review analyzed 53 XR behavior change interven-
tions across technical and psychological XR components, behavior
change theories, particularly behavior change techniques [76] and
mechanisms of action [15], and identified their effectiveness and
the unique advantages of XR for behavior change. We found that

XR interventions are generally effective in the short term. Of the pa-
pers measuring short-term effectiveness, 70% showed positive and
11% partially positive effects. Of the 9 papers measuring long-term
effects, 67% showed positive and 11% mixed results. While we set
out to uncover how XR’s unique capabilities, such as showing tem-
porally or spatially distant consequences of a behavior directly in a
user’s environment or manipulating one’s virtual body, are used
to design behavior change interventions, we found that most XR
interventions fell back into a known pattern of showing informa-
tion as the main mechanism to influence behavior, only scratching
the surface of what is possible with XR. Furthermore, due to the
wide variety of measures and the lack of clearly stated theoretical
grounding in behavior change theories in the reviewed papers, it re-
mains difficult to summarize and explain causal effects. Addressing
these limitations, we suggest a framework toward theory-driven XR
behavior change interventions that covers both behavioral theory
and XR details. With this framework, we aim to bridge behavioral
sciences and HCI to foster more theory-driven XR behavior change
interventions. It serves as a guideline for XR researchers to en-
gage with behavior change theory, and for behavioral scientists to
explore XR’s broad design space and implementation possibilities.
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A Scoping Review - Databases
The main search included the databases Web of Science, IEEE
Xplore, ACM DL, and PubMed, while the initial search included
Cochrane, PubMed, JBI, Web of Science, and Scopus. The main
searched used different databases for the following reasons: Cochrane
is indexed in PubMed, which we discovered after the initial search,
so we only included PubMed for the main search. JBI specifically
focuses on evidence synthesis. Therefore, it was relevant for find-
ing potentially overlapping scoping reviews but not for the main
search, where synthesis articles were excluded. Web of Science
focuses more on high-impact journals compared to Scopus, which
is why we chose it as the main database.

B Scoping Review - Search Queries
ACM Digital Library

• Date: April 8, 2025
• Query: Full text:((“virtual reality” OR “extended reality” OR
“mixed reality” OR “augmented reality” OR “head-mounted
display” OR “virtual space” OR “head-up display” OR “head-
worn display” OR “headset” OR “HMD” OR “immersive envi-
ronment” OR “virtual environment”) AND (“behavior change”
OR “behaviour change” OR “behavioral change” OR “be-
havioural change”))

• Search within: Fulltext
• Filters:
– Content Type: Research Article
– Publication type (All Publications): Proceedings and
Journals

• Number of results: 535
• Number of removed for duplication: 0
• Number of included: 535

IEEE Xplore

• Date: April 8, 2025
• Query: ((“Full Text Only”:“virtual reality”) OR (“Full Text
Only”:“augmented reality”) OR (“Full Text Only”:“extended
reality”) OR (“Full Text Only”:“mixed reality”) OR (“Full Text
Only”:“head-mounted display”) OR (“Full Text Only”:“virtual
space”) OR (“Full Text Only”:“head-up display”) OR (“Full
Text Only”:“head-worn display”) OR (“Full Text Only”:“headset”)
OR (“Full Text Only”:“HMD”) OR (“Full Text Only”:“immersive
environment”) OR (“Full Text Only”:“virtual environment”))
AND ((“Full Text Only”:“behavior change”) OR (“Full Text
Only”:“behaviour change”) OR (“Full Text Only”:“behavioral
change”) OR (“Full Text Only”:“behavioural change”))

• Search Within: Full text
• Filters: select Conferences, Journals in check boxes
• Number of results: 63314
• Number of removed for duplication: 20
• Number of included: 578

PubMed

• Date: April 7, 2025

14Out of 633 initial search results, 35 records were excluded as they were identified as
non-article content, such as conference program front matter and tables of contents.
These records were not research articles and were excluded from further processing.

• Query: (“virtual reality” OR “extended reality” OR “mixed
reality” OR “augmented reality” OR “head-mounted display”
OR “virtual space” OR “head-up display” OR “head-worn dis-
play” OR “headset” OR “HMD” OR “immersive environment”
OR “virtual environment”) AND (“behavior change” OR “be-
haviour change” OR “behavioral change” OR “behavioural
change”)

• Search Within: All Fields
• Filters: None
• Number of results: 122
• Number of removed for duplication: 66
• Number of included: 56

Web of Science
• Date: April 4, 2025
• Query:(“virtual reality” OR “extended reality” OR “mixed
reality” OR “augmented reality” OR “head-mounted display”
OR “virtual space” OR “head-up display” OR “head-worn dis-
play” OR “headset” OR “HMD” OR “immersive environment”
OR “virtual environment”) AND (“behavior change” OR “be-
haviour change” OR “behavioral change” OR “behavioural
change”)

• Search Within: All Fields
• Filters:
– Document Types: Article, Proceedings Paper
– Languages: English

• Number of results: 199
• Number of removed for duplication: 7
• Number of included: 192
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C Scoping Review - Code Book
C.1 Causal Figures for CodingHeight: 6.7

same  or different 

result

result

is designed based on

is designed based on

AR/VR experience: describe 
experience and mention concrete 

components linked to theories

Design component

Design component

…

Grounding/Theory: describe the 
theory/theories or grounding provided 

in the paper to explain the design 
decision

Theory

Theory

…

Measured Behavior: describe the 
behavior or components of a behavior 

that is measured in the article

…

Measurement

Measurement

Intended Behavior: describe the 
`behavior that is intended to be 

changed as mentioned in the article

Measurement time point

Measurement time point

Study Design: describe study 
design and measurement time 

points

Figure 4: A generic figure illustrating how we used figures to describe each paper’s cause of interest (AR/VR experience) and
outcome of interest (measured behavior), linking design components to underlying theories. The figures also indicate how the
theory’s impact was measured and whether the behavior that was intended to be changed matched the measured behavior or
the measured components.
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C.2 Data Charting Table

Table 10: Codes and descriptions for coding process. For all codes, text was extracted from the papers.

Item Description

Behavior Related
C1 Addressed Behavior Behavior that is the objective of the change.
C2 Connection to Theory Connection of the behavior change intervention to theory, if applicable.
C3 Ethical Concerns Any ethical concerns mentioned in the paper with regards to the behavior change

intervention used or other parts of the work.

Extended Reality Experience
C4 Level of Immersion Describes the objective degree of being immersed in an extended reality, such as VR,

AR, MR.
C5 Device Used States the used device.
C6 General XR Experience Describes the XR experience with a focus on how the experience related to behavior

change.
C7 Task Describes what the person who uses the XR experience does, for instance, this can be

passively watching a video or actively interacting in the experience in a certain way.
C8 Practical Purpose of XR Describes the purpose of XR as explained by the authors, for example, to allow physically

impossible experience or see future consequences.

Outcome Measures and Results
C9 XR Measures Includes any measures applied to capture details about the XR experience, such as

presence or simulator sickness.
C10 Behavioral Measures Includes any measures the study applied to measure behavior or processes related to a

behavior.
C11 Duration of Intervention Explains how long the duration of the behavior change intervention is and when

measures were applied.
C12 Results Summarizes the key results related to the behavior change and XR measures.

Study Details
C13 Study Design Includes details about the experimental design, such as within/between/mixed partic-

ipant design, number of factors, if any, and information about repeated measures, if
applicable.

C14 Sample Information Number of participants and participants demographics, including age and gender
information.

C15 Population Information Description of sample/population, details about how the study sample was characterized
in relation to the behavior (e.g., in meat reduction studies often vegetarians were
excluded), if applicable.
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D Scoping Review - Paper List

Table 11: Overview of papers included in the review. Part 1.

Citation Paper Title Authors Paper ID

[134] Promoting Eco-Friendly Behaviour through Virtual Reality - Im-
plementation and Evaluation of Immersive Feedback Conditions of
a Virtual CO2 Calculator

Carolin Wienrich, Stephanie Vogt, Nina Döllinger, and David
Obremski.

2

[4] MeetingBenji: Tackling Cynophobia with Virtual Reality, Gamifi-
cation, and Biofeedback.

Inês Alves and Augusto Esteves 10

[131] Design and Evaluation of a Persuasive Road Marking System for
Controlling Speeding Behavior

Isaac Wiafe, Elikem Doe Atsakpo, Charles Nutrokpor, Jaap Ham,
and Stephen Gulliver

11

[127] SelVReflect: A Guided VR Experience Fostering Reflection on Per-
sonal Challenges

Nadine Wagener, Leon Reicherts, Nima Zargham, Natalia
Bartłomiejczyk, Ava Elizabeth Scott, Katherine Wang, Marit
Bentvelzen, Evropi Stefanidi, Thomas Mildner, Yvonne Rogers, and
Jasmin Niess.

32

[138] Evaluation of Gamification on Surgical Nursing Course using Im-
mersive Virtual Reality: A comparative study.

Xiwei Xiao, Yan Xiao, and Menchita F. Dumlao 65

[35] A comparison of head-mounted and hand-held displays for 360°
videos with focus on attitude and behavior change

Diana Fonseca and Martin Kraus 67

[57] Designing and Assessing a Virtual Reality Simulation to Build
Resilience to Street Harassment

Crescent Jicol, Julia Feltham, Jinha Yoon, Michael J Proulx, Eamonn
O’Neill, and Christof Lutteroth.

84

[126] Mood Worlds: A Virtual Environment for Autonomous Emotional
Expression

Nadine Wagener, Jasmin Niess, Yvonne Rogers, and Johannes
Schöning

93

[23] (Eco-)Logical to Compare? - Utilizing Peer Comparison to Encour-
age Ecological Driving in Manual and Automated Driving

Mark Colley, Jan Ole Rixen, Italgo Walter Pellegrino, and Enrico
Rukzio.

104

[14] vrSocial: Toward Immersive Therapeutic VR Systems for Children
with Autism

LouAnne E. Boyd, Saumya Gupta, Sagar B. Vikmani, Carlos M.
Gutierrez, Junxiang Yang, Erik Linstead, and Gillian R. Hayes

125

[74] Race Yourselves: A Longitudinal Exploration of Self-Competition
Between Past, Present, and Future Performances in a VR Exergame

Alexander Michael and Christof Lutteroth 148

[44] MABLE: Mediating Young Children’s Smart Media Usage with
Augmented Reality

Gahgene Gweon, Bugeun Kim, Jinyoung Kim, Kung Jin Lee, Jung-
wook Rhim, and Jueun Cho

201

[48] Embedded AR Storytelling Supports Active Indexing at Historical
Places

Linda Hirsch, Robin Welsch, Beat Rossmy, and Andreas Butz. 221

[21] Exploring feedback strategies to improve public speaking: an inter-
active virtual audience framework

Mathieu Chollet, Torsten Wörtwein, Louis-Philippe Morency, Ari
Shapiro, and Stefan Scherer.

308

[109] CompARe: Design and Development of a Gamified Augmented
Reality Learning Environment for Cultural Heritage Sites

Markos Souropetsis and Eleni A. Kyza 443

[100] AddressingWaste SeparationWith a Persuasive Augmented Reality
App

Philipp Schaper, Anna Riedmann, Sebastian Oberdörfer, Maileen
Krähe, and Birgit Lugrin.

475

[111] nder The (Plastic) Sea - Sensitizing People Toward Ecological Be-
havior Using Virtual Reality Controlled by Users’ Physical Activity

Carolin Straßmann, Alexander Arntz, and Sabrina C. Eimler. 537

[139] Comparing virtual reality vs. augmented reality in promoting
COVID-19 self-testing, vaccination, and preventive behaviors.

Zhan Xu and Linda Dam 538
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Table 12: Overview of papers included in the review. Part 2.

Citation Paper Title Authors Paper ID

[65] Immersive storytelling for pro-environmental behaviour
change: The Green Planet augmented reality experience

Maruša Levstek, Sarah Papworth, Andy Woods, Lucy Archer,
Iqra Arshad, Klaus Dodds, Juliet S. Holdstock, James Bennett,
and Polly Dalton

539

[20] Mortality salience in virtual reality experiences and its effects
on users’ attitudes towards risk

Luca Chittaro, Riccardo Sioni, Cristiano Crescentini, and
Franco Fabbro.

548

[72] Stimulating Sustainable Food Choices Using Virtual Reality:
Taking an Environmental vs Health Communication Perspec-
tive on Enhancing Response Efficacy Beliefs

Marijn H. C. Meijers, Eline S. Smit, Kelly de Wildt, Sonja-
Greetta Karvonen, Demi van der Plas, and L. Nynke van der
Laan

554

[84] Presence and Flow as Moderators in XR-Based Sustainability
Education

Miriam Mulders and Kristian Heinrich Träg 560

[96] Sustainability Communication in VR Learning Environments
for Perceptual and Behavioral Change: Raising Awareness of
Sustainable Travel Behavior

Marion Rauscher, Armin Brysch, Anna Scuttari, and Marius
Mayer

562

[73] Experiencing Climate Change Virtually: The Effects of Virtual
Reality on Climate Change Related Cognitions, Emotions, and
Behavior

Marijn H. C. Meijers, Ragnheiður “Heather” Torfadóttir, Anke
Wonneberger, and Ewa Maslowska

565

[93] Promoting collective climate action and identification with
environmentalists through social interaction and visual feed-
back in virtual reality.

Adéla Plechatá, Thomas Morton, and Guido Makransky 570

[70] Virtual reality enhances safety training in the maritime indus-
try: An organizational training experiment with a non-WEIRD
sample

Guido Makransky and Sara Klingenberg 579

[32] Stepping into the Wildeverse: Evaluating the impact of
augmented reality mobile gaming on pro-conservation be-
haviours

Matilda Eve Dunn, Gautam Shah, and Diogo Veríssimo 585

[19] Designing virtual environments for attitudes and behavioral
change in plastic consumption: a comparison between con-
crete and numerical information

Alice Chirico, Giulia Wally Scurati, Chiara Maffi, Siyuan
Huang, Serena Graziosi, Francesco Ferrise, and Andrea Gag-
gioli

591

[104] Effects of Self-focused Augmented Reality on Health Percep-
tions During the COVID-19 Pandemic: AWeb-Based Between-
Subject Experiment.

Ayanna Seals, Monsurat Olaosebikan, Jennifer Otiono, Orit
Shaer, and Oded Nov

603

[82] Improving bushfire preparedness through the use of virtual
reality

Safa Molan and Delene Weber 606

[130] A quasi-experimental test of a virtual reality game prototype
for adolescent E-Cigarette prevention

Veronica U. Weser, Lindsay R. Duncan, Tyra M. Pendergrass,
Claudia-Santi Fernandes, Lynn E. Fiellin, and Kimberly D.
Hieftje

614

[129] Effects of immersion and navigation agency in virtual envi-
ronments on emotions and behavioral intentions

René Weller, Joscha Cepok, Roman Arzaroli, Kevin Marnholz,
Cornelia S. Große, Hauke Reuter, and Gabriel Zachmann

620

[103] Experiential exposure to texting and walking in virtual reality:
A randomized trial to reduce distracted pedestrian behavior

David C. Schwebel, Leslie A. McClure, and Bryan E. Porter 626

[91] Embodied time travel in VR: from witnessing climate change
to action for prevention

Yuke Pi, Xueni Pan, Mel Slater, and Justyna Świdrak 629

[92] Shifting from Information- to Experience-Based Climate
Change Communication Increases Pro-Environmental Behav-
ior Via Efficacy Beliefs.

Adéla Plechatá, Marijke Hiltje Hielkema, Lisa-Marie Merkl,
Guido Makransky, and Michael Bom Frøs

636
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Table 13: Overview of papers included in the review. Part 3.

Citation Paper Title Authors Paper ID

[16] ARGreenet and BasicGreenet: Two mobile games for learn-
ing how to recycle

M. Carmen Juan, David Furio, Leila Alem, Peta Ashworth,
and Juan Cano

633

[51] The effectiveness of virtual vs real-life marine tourism ex-
periences in encouraging conservation behaviour

Karen Hofman, Gabby Walters, and Karen Hughes. 638

[122] Can’t simply roll it out: Evaluating a real-world virtual
reality intervention to reduce driving under the influence

Daniel Vankov, Ronald Schroeter, and Divera Twisk 643

[141] A Change of Scenery: Transformative Insights from Retro-
spective VR Embodied Perspective-Taking of Conflict With
a Close Other

Seraphina Yong, Leo Cui, Evan Suma Rosenberg, and Svet-
lana Yarosh

647

[119] Shaping health behaviors beyond reality: A full body illu-
sion to experience the consequences of unhealthy snacking.

Nadine Elisa van der Waal, Loes Janssen, Marco Otte, Mar-
jolijn Antheunis, and Laura Nynke van der Laan

656

[33] Using narrative 360° video as a tool to promote breast self-
examination

H. Farmer, E. Skoulikari, C. Bevan, S. Gray, K. Cater, and D.
Stanton Fraser.

667

[40] Evaluating the relation between the EEG brainwaves and at-
tention measures, and the children’s performance in REEFO-
CUS game designed for ADHD symptoms improvement

Eftichia Georgiou, Giorgos-Konstanditos Thanos, Tassos
Kanellos, AdamDoulgerakis, and Stelios C. A. Thomopoulos

694

[39] Feeling connected but dissimilar to one’s future self reduces
the intention-behavior gap

Benjamin Ganschow, Sven Zebel, Jean-Louis van Gelder,
and Liza J. M. Cornet

701

[43] Role-Exchange Playing: An Exploration of Role-Playing Ef-
fects for Anti-Bullying in Immersive Virtual Environments.

Xiang Gu, Sheng Li, Kangrui Yi, Xiaojuan Yang, Huiling Liu,
and Guoping Wang

709

[36] Virtual Self-Modeling: The Effects of Vicarious Reinforce-
ment and Identification on Exercise Behaviors

Jesse Fox and Jeremy N. Bailenson 715

[132] The treatment of fear of flying: a controlled study of imagi-
nal and virtual reality graded exposure therapy

B.K. Wiederhold, D.P. Jang, R.G. Gevirtz, S.I. Kim, I.Y. Kim,
and M.D. Wiederhold

744

[58] Mixed Reality Virtual Pets to Reduce Childhood Obesity Kyle Johnsen, Sun Joo Ahn, James Moore, Scott Brown,
Thomas P. Robertson, AmandaMarable, andAryabrata Basu

763

[26] Repeat after me: Using mixed reality humans to influence
best communication practices

Andrew Cordar, Adam Wendling, Casey White, Samsun
Lampotang, and Benjamin Lok

854

[55] 962

[102] ‘Age Isn’t Just a Number’: Effects of Virtual Human Age
and Gender on Persuasion, Social Presence and Influence
in Interpersonal Social Encounters in VR

Elizabeth A. Schlesener, Vyomakesh Shivakumar, Dave
Breeze, Brooke Rennison, Burak Soehmelioglu, and Sabar-
ish V. Babu.

1221

[118] First-Person Experience in Virtual Reality Sport Advertise-
ments: Transportation of Embodied Empathy

Jun-Phil Uhm,Hyun-Woo Lee, SanghoonKim, and Jin-Wook
Han.

1308

[117] Effectiveness and acceptance of virtual reality vs. traditional
exercise in obese adults: a pilot randomized trial.

Evlalia Touloudi, Mary Hassandra, Evangelos Galanis,
Gerasimos Pinnas, Charalampos Krommidas, Marios
Goudas, and Yannis Theodorakis

1419

[60] The efficacy of augmented reality exposure therapy in the
treatment of spider phobia—a randomized controlled trial

Tomas Jurcik, Svetlana Zaremba-Pike, Vladimir Kosonogov,
Abdul-Raheem Mohammed, Yulia Krasavtseva, Tadamasa
Sawada, Irina Samarina, Nilufar Buranova, Peter Adu, Nikita
Sergeev, Andrei Skuratov, Anastasia Demchenko, and Yakov
Kochetkov

1430

D.1 License details for Figure 3
Licenses. Papers 1430 [60], 603 [104], 570 [93], 620 [129], 667 [33], and 701 [39] are published under the Creative Commons Attribution

4.0 International License (CC BY 4.0), URL: https://creativecommons.org/licenses/by/4.0/deed.en. Papers 538 [139] and 554 [72] are published

https://creativecommons.org/licenses/by/4.0/deed.en
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under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0), URL: https://
creativecommons.org/licenses/by-nc-nd/4.0/deed.en Paper 10 [4] is published on the Creative Commons Attribution-NonCommercial 4.0
International License (CC BY-NC 4.0), URL: https://creativecommons.org/licenses/by-nc/4.0/. For paper 32 [127], the authors have permitted
the usage of their Figure 8 in our paper.

Usage of Figures. For paper 1430, we used Figure 2 without any modifications. We also added an overlay with the paper ID. For paper 603,
we used Figure 2 without any modifications. We also added an overlay with the paper ID. For paper 570, we used Figure 1 A without any
modifications. We also added an overlay with the paper ID. For paper 620, we used Figure 1. We cropped the figure and used only the two
sub-panels on the left and right, removing the middle one. We also added an overlay with the paper ID. For paper 667, we used Figure 1. We
did not make changes and added an overlay with the paper ID. For paper 701, we used Figure 1. We cropped the figure and used only two
of the six sub-panels: the top-right and the top-center ones. We also added an overlay with the paper ID. For paper 538, we used Figure 1
without any modifications. We also added an overlay with the paper ID. For paper 554, we used Figure 1. We cropped the figure and only
used the top right sub-panel. We also added an overlay with the paper ID. For paper 10, we used Figure 1. We cropped the figure and only
used the top left sub-panel. We also added an overlay with the paper ID. For paper 32, we used Figure 8. We cropped the figure and used the
top left, bottom left, and bottom right sub-panels. We also added an overlay with the paper ID.

E Results - BCT and MoA Coding
E.1 BCT Coding Results
E.2 MoA Coding Results
F Results - RQ3 - Effectiveness Summary
G Results - Logistic Regression
To assess whether any of the discussed influencing factors (BCTs, MoAs, technical factors, and psychological factors) affected the effectiveness
of the interventions, we conducted mixed-effects logistic regression analyses. Due to sparse data for long-term and comparative effectiveness,
we focused on short-term effectiveness and included only papers reporting a clear positive or negative outcome. The outcome variable
short-term effectiveness was therefore transformed into a binary variable (effective/non-effective). We analyzed the data using generalized
linear mixed-effects models (GLMM) with binomial link function using the glmer function from the lme4 package in R. We ran four models,
one for the potential influence of the theories (BCT and MoA), one for the technical factors (relation to physical world and virtual elements),
and two for the psychological factors (immersion and perspective, and agency and connection to action). For all four models, we specified
paper ID as random intercept to account for potential clustering of observations. For each of the models, we specified the respective two
factors (e.g., for theories that was BCT Category and MoA) as fixed effects. The models were specified with a binomial error distribution and
a logit link function, appropriate for our binary outcome variable.

The models for the theories, the technical factors and immersion and perspective did not converge (see details below).
The model with agency and connection to action did converge and showed an effect (see Table 22). The intercept and both predictors

showed significant effects. Having agency was associated with a decrease in log-odds, while performing an action that was connected to the
behavior (Connection to Action) was associated with a strong increase. However, we note that these analyses are explorative. As indicated
in the model results, there was considerable between-paper heterogeneity and the correlation matrix of the fixed effects indicated only
moderate collinearity between predictors. Table 23 groups the papers with regard to agency and connection to action, and indicates their
measured effectiveness.

G.1 Regression Model for Agency and Connection-to-Action
G.2 Regression Model for BCT and MoA
We fitted a generalized linear mixed model (GLMM) using maximum likelihood estimation via Laplace approximation to examine the
association between behavior change technique categories (BCTCategory), mechanisms of action (MoA), and short-term effectiveness,
accounting for clustering by paper including PaperID as a random intercept. The estimated variance of the random intercept was 85.44
(𝑆𝐷 = 9.24), indicating substantial between-paper variability. However, the model failed to converge (optimizer: Nelder-Mead; convergence
code: 4), with a degenerate Hessian matrix (3 negative eigenvalues), suggesting instability in parameter estimation. Several fixed-effect
estimates had extremely large standard errors and non-significant z-values (all p-values > 0.9), indicating overparameterization and potential
multicollinearity or sparse data issues.

G.3 Regression Model for Relation to Physical World and Virtual Elements
We fitted a generalized linear mixed model (GLMM) using maximum likelihood estimation via Laplace approximation to examine the relation-
ship between the type of virtual environment (RelationToPhysicalWorld), the elements present in the virtual world (ElementsInVirtualWorld),
and short-term effectiveness. The model included a random intercept for PaperID. The model yielded an AIC of 39.1 and a log-likelihood of
−9.6. The estimated variance of the random intercept was 3445 (𝑆𝐷 = 58.7), indicating substantial variability between papers. However, the

https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en
https://creativecommons.org/licenses/by-nc/4.0/
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Table 14: Overview of BCT assignments to papers. Part 1

BCT Citation ID BCT Citation ID

BCT 2.7 Feedback on outcome(s) of behavior [134] 2 BCT 2.2 Feedback on behavior [21] 308
BCT 5.2 Salience of consequences [134] 2 BCT 4.1 Instruction on how to perform a behavior [21] 308
BCT 5.3 Information about social and environ-
mental consequences

[134] 2 BCT 6.1 Demonstration of the behavior [21] 308

BCT 2.6 Biofeedback [4] 10 BCT 5.3 Information about social and environ-
mental consequences

[109] 443

BCT 7.7 Exposure [4] 10 BCT 4.1 Instruction on how to perform a behavior [100] 475
BCT 2.2 Feedback on behavior [131] 11 BCT 6.1 Demonstration of the behavior [100] 475
BCT 2.3 Self-monitoring of behavior [131] 11 BCT 5.3 Information about social and environ-

mental consequences
[111] 537

BCT 5.3 Information about social and environ-
mental consequences

[131] 11 BCT 9.3 Comparative imagining of future out-
comes

[111] 537

BCT 11.2 Reduce negative emotions [127] 32 BCT 16.3 Vicarious consequences [139] 538
BCT 5.6 Information about emotional conse-
quences

[127] 32 BCT 5.2 Salience of consequences [139] 538

BCT 4.1 Instruction on how to perform a behavior [138] 65 BCT 5.3 Information about social and environ-
mental consequences

[139] 538

BCT 6.1 Demonstration of the behavior [138] 65 BCT 5.3 Information about social and environ-
mental consequences

[65] 539

BCT 5.3 Information about social and environ-
mental consequences

[35] 67 BCT 5.2 Salience of consequences [20] 548

BCT 7.7 Exposure [57] 84 BCT 5.3 Information about social and environ-
mental consequences

[20] 548

BCT 11.2 Reduce negative emotions [126] 93 BCT 5.1 Information about health consequences [72] 554
BCT 5.6 Information about emotional conse-
quences

[126] 93 BCT 5.2 Salience of consequences - not sure [72] 554

BCT 2.2 Feedback on behavior [23] 104 BCT 5.3 Information about social and environ-
mental consequences

[72] 554

BCT 5.3 Information about social and environ-
mental consequences

[23] 104 BCT 5.3 Information about social and environ-
mental consequences

[84] 560

BCT 6.2 Social Comparison [23] 104 BCT 5.2 Salience of consequences [96] 562
BCT 2.2 Feedback on behavior [14] 125 BCT 5.3 Information about social and environ-

mental consequences
[96] 562

BCT 4.1 Instruction on how to perform a behavior [14] 125 BCT 9.3 Comparative imagining of future out-
comes

[96] 562

BCT 6.1 Demonstration of the behavior [14] 125 BCT 5.2 Salience of consequences [73] 565
BCT 2.2 Feedback on behavior [74] 148 BCT 5.3 Information about social and environ-

mental consequences
[73] 565

BCT 6.1 Demonstration of the behavior [74] 148 BCT 5.2 Salience of consequences [93] 570
BCT 2.2 Feedback on behavior [44] 201 BCT 5.3 Information about social and environ-

mental consequences
[93] 570

BCT 5.6 Information about emotional conse-
quences

[44] 201 BCT 9.3 Comparative imagining of future out-
comes

[93] 570

no BCT - indirect influence/priming [48] 221 BCT 4.1 Instruction on how to perform a behavior [70] 579
BCT 6.1 Demonstration of the behavior [70] 579

model exhibited numerical instability during estimation. Although the optimizer (Nelder-Mead) returned a convergence code of 0 (indicating
convergence), the scaled gradient could not be evaluated, and the Hessian matrix was numerically singular, suggesting that parameters were
not uniquely determined. This was reflected in extremely large standard errors and z-values near zero for most fixed effects, with p-values
> 0.9. These issues indicate that the model is likely overparameterized or affected by sparse data, and the fixed-effect estimates should be
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Table 15: Overview of BCT assignments to papers. Part 2

BCT Citation ID BCT Citation ID

BCT 5.3 Information about social and environ-
mental consequences

[32] 585 BCT 11.4 Paradoxical instructions [122] 643

BCT 5.2 Salience of consequences [19] 591 BCT 16.1 Imaginary punishment [122] 643
BCT 5.3 Information about social and environ-
mental consequences

[19] 591 BCT 13.3 Incompatible beliefs [141] 647

BCT 16.3 Vicarious consequences [104] 603 BCT 16.3 Vicarious consequences [141] 647
BCT 5.2 Salience of consequences [104] 603 BCT 2.2 Feedback on behavior [141] 647
BCT 5.3 Information about social and environ-
mental consequences

[104] 603 BCT 5.3 Information about social and environ-
mental consequences

[141] 647

BCT 6.1 Demonstration of the behavior [104] 603 BCT 5.4 Information about emotional conse-
quences

[141] 647

BCT 6.1 Demonstration of the behavior [82] 606 BCT 10.11 Future punishment [119] 656
BCT 5.1 Information about health consequences [130] 614 BCT 5.1 Information about health consequences [119] 656
BCT 5.3 Information about social and environ-
mental consequence

[130] 614 BCT 5.2 Salience of consequences [119] 656

BCT 6.1 Demonstration of the behavior [130] 614 BCT 5.3 Information about social and environ-
mental consequences

[33] 667

BCT 8.1 Behavioral practice/ rehearsal [130] 614 BCT 2.6 Biofeedback [40] 694
BCT 5.3 Information about social and environ-
mental consequences

[129] 620 BCT 6.1 Demonstration of the behavior [40] 694

BCT 9.3 Comparative imagining of future out-
comes

[129] 620 BCT 13.1 Identification of self as role model [39] 701

BCT 11.4 Paradoxical instructions [103] 626 BCT 13.3 Incompatible beliefs [39] 701
BCT 16.1 Imaginary punishment [103] 626 BCT 13.5 Identity associated with changed be-

havio
[39] 701

BCT 5.2 Salience of consequences [91] 629 BCT 15.3 Focus on past success [39] 701
BCT 5.3 Information about social and environ-
mental consequences

[91] 629 BCT 5.1 Information about health consequences [39] 701

BCT 5.6 Information about emotional conse-
quences

[91] 629 BCT 5.2 Salience of consequences [39] 701

BCT 4.1 Instruction on how to perform a behavior [16] 633 BCT 5.3 Information about social and environ-
mental consequences

[39] 701

BCT 6.1 Demonstration of the behavior [16] 633 BCT 5.4 Information about emotional conse-
quences

[39] 701

BCT 5.2 Salience of consequences [92] 636 BCT 13.3 Incompatible beliefs [43] 709
BCT 5.3 Information about social and environ-
mental consequences

[92] 636 BCT 5.2 Salience of consequences [43] 709

BCT 9.3 Comparative imagining of future out-
comes

[92] 636 BCT 5.3 Information about social and environ-
mental consequences

[43] 709

BCT 5.3 Information about social and environ-
mental consequences

[51] 638 BCT 5.4 Information about emotional conse-
quences

[43] 709

BCT 9.3 Comparative imagining of future out-
comes

[51] 638

interpreted with caution. We attempted alternative model specifications and optimizers to improve convergence and provide more stable
estimates.

G.4 Regression Model for Immersion and Perspective
We fitted a generalized linear mixed model (GLMM) using maximum likelihood estimation via Laplace approximation to examine the
relationship between immersion type (Immersion), perspective (Perspective), and short-term effectiveness. The model included a random
intercept for PaperID. The model yielded an AIC of 29.5 and a log-likelihood of −9.7. The estimated variance of the random intercept was



CHI ’26, April 13–17, 2026, Barcelona, Spain Teresa Hirzle, Mingyuan Jiang, and Kasper Hornbæk

Table 16: Overview of BCT assignments to papers. Part 3

BCT Citation ID BCT Citation ID

BCT 10.11 Future punishment [36] 715 BCT 4.1 Instruction on how to perform a behavior [26] 854
BCT 10.9 Self-reward [36] 715 BCT 6.1 Demonstration of the behavior [26] 854
BCT 2.4 Self-monitoring of outcome(s) of behav-
ior

[36] 715 BCT 11.2 Reduce negative emotions [55] 962

BCT 5.1 Information about health consequences [36] 715 BCT 15.1 Verbal persuasion about capability [55] 962
BCT 5.2 Salience of consequences [36] 715 BCT 9.1 Credible source [102] 1221
BCT 6.1 Demonstration of the behavior [36] 715 no BCT - indirect influence/priming/persuasion [102] 1221
BCT 8.1 Behavioural practice and rehearsal [36] 715 no BCT - indirect influence/priming [118] 1308
BCT 2.6 Biofeedback [132] 744 BCT 2.6 Biofeedback [117] 1419
BCT 7.7 Exposure [132] 744 BCT 6.1 Demonstration of the behavior [117] 1419
BCT 1.1 Goal setting (behavior) [58] 763 BCT 7.7 Exposure [60] 1430
BCT 10.10 Reward (outcome) [58] 763
BCT 2.7 Feedback on outcome(s) of behavior [58] 763
BCT 3.1 Social support (unspecified) [58] 763
BCT 6.2 Social comparison [58] 763

4444 (𝑆𝐷 = 66.67), indicating substantial between-paper variability. Although the optimizer (Nelder-Mead) returned a convergence code of 0
(indicating convergence), the model exhibited numerical instability. Specifically, the scaled gradient could not be evaluated, and the Hessian
matrix was numerically singular, suggesting that parameters were not uniquely determined. This was reflected in extremely large standard
errors and z-values near zero for most fixed effects, with p-values > 0.9. These issues indicate that the model estimates are not reliable, likely
due to overparameterization, sparse data, or collinearity among predictors.
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Table 17: Overview of MoA assignments to papers. Part 1

MoA Theory in Paper Citation Paper ID

MoA 1. Knowledge [134] 2
MoA 11. Environmental Context and Resources [134] 2
MoA 22. Feedback Processes spatial distance, psychological barriers [134] 2
MoA 4. Beliefs about Capabilities temporal distance, psychological barriers [134] 2
MoA 6. Beliefs about Consequences spatial distance, psychological barriers [134] 2
MoA 1. Knowledge [4] 10
MoA 22. Feedback Processes physiological feedback [4] 10
MoA 1. Knowledge [131] 11
MoA 12. Social Influences social facilitation [131] 11
MoA 15. Norms normative influence [131] 11
MoA 22. Feedback Processes self-monitoring [131] 11
MoA 11. Environmental Context and Resources art therapy [127] 32
MoA 13. Emotion counselling, positive psychology [127] 32
MoA 14. Behavioral Regulation counselling [127] 32
MoA 17. Attitude towards the Behavior counselling [127] 32
MoA 19. Self-image self-reflection, positive psychology [127] 32
MoA 2. Skills [138] 65
MoA 1. Knowledge [35] 67
MoA 11. Environmental Context and Resources [35] 67
MoA 22. Feedback Processes [35] 67
MoA 11. Environmental Context and Resources colour psychology [126] 93
MoA 13. Emotion mood induction procedure [126] 93
MoA 14. Behavioral Regulation autonomy [126] 93
MoA 17. Attitude towards the Behavior autonomy [126] 93
MoA 19. Self-image autonomy [126] 93
MoA 1. Knowledge [23] 104
MoA 12. Social Influences social comparison [23] 104
MoA 16. Subjective Norms social comparison [23] 104
MoA 22. Feedback Processes social comparison [23] 104
MoA 1. Knowledge [14] 125
MoA 22. Feedback Processes real-time feedback [14] 125
MoA 1. Knowledge [74] 148
MoA 12. Social Influences [74] 148
MoA 18. Motivation [74] 148
MoA 19. Self-image Self Competition [74] 148
MoA 22. Feedback Processes Feedforward [74] 148
MoA 4. Beliefs about Capabilities self-efficacy [74] 148
MoA 1. Knowledge [44] 201
MoA 12. Social Influences (parental mediation [44] 201
MoA 22. Feedback Processes [44] 201
MoA 23. Social Learning/Imitation [44] 201
MoA 1. Knowledge [48] 221
MoA 11. Environmental Context and Resources affective narration, active indexing [48] 221
MoA 13. Emotion affective narration [48] 221
MoA 1. Knowledge situated learning theories, scaffolding [109] 443
MoA 11. Environmental Context and Resources construal level theory [139] 538
MoA 12. Social Influences [139] 538
MoA 26. Perceived Susceptibility/Vulnerability construal level theory [139] 538
MoA 6. Beliefs about Consequences construal level theory [139] 538
MoA 1. Knowledge [65] 539
MoA 11. Environmental Context and Resources connection with nature [65] 539
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Table 18: Overview of MoA assignments to papers. Part 2

MoA Theory in Paper Citation Paper ID

MoA 11. Environmental Context and Resources [20] 548
MoA 26. Perceived Susceptibility/Vulnerability terror management theory [20] 548
MoA 6. Beliefs about Consequences [20] 548
MoA 1. Knowledge impact messages: information on impact of product [72] 554
MoA 6. Beliefs about Consequences psychological barriers [72] 554
MoA 1. Knowledge [84] 560
MoA 11. Environmental Context and Resources [84] 560
MoA 1. Knowledge [96] 562
MoA 11. Environmental Context and Resources awareness of consequences - theory of environmentally

significant behavior
[96] 562

MoA 22. Feedback Processes [96] 562
MoA 6. Beliefs about Consequences awareness of consequences - theory of environmentally

significant behavior
[96] 562

MoA 1. Knowledge [73] 565
MoA 11. Environmental Context and Resources [73] 565
MoA 13. Emotion protection motivation theory, health belief-model, par-

allel processing model
[73] 565

MoA 26. Perceived Susceptibility/Vulnerability protection motivation theory, health belief-model, par-
allel processing model

[73] 565

MoA 11. Environmental Context and Resources [93] 570
MoA 12. Social Influences [93] 570
MoA 22. Feedback Processes [93] 570
MoA 3. Social/Professional Role and Identity [93] 570
MoA 6. Beliefs about Consequences [93] 570
MoA 2. Skills [70] 579
MoA 1. Knowledge [32] 585
MoA 11. Environmental Context and Resources [32] 585
MoA 1. Knowledge [19] 591
MoA 11. Environmental Context and Resources [19] 591
MoA 1. Knowledge [104] 603
MoA 11. Environmental Context and Resources [104] 603
MoA 12. Social Influences objective self-awareness theory: self-focused attention,

social cognitive theory: vicarious reinforcement
[104] 603

MoA 19. Self-image objective self-awareness theory: self-focused attention,
social cognitive theory: vicarious reinforcement

[104] 603

MoA 26. Perceived Susceptibility/Vulnerability [104] 603
MoA 6. Beliefs about Consequences [104] 603
MoA 26. Perceived Susceptibility/Vulnerability protective action decision model [82] 606
MoA 1. Knowledge [130] 614
MoA 11. Environmental Context and Resources social cognitive theory [130] 614
MoA 12. Social Influences social cognitive theory [130] 614
MoA 16. Subjective Norms social cognitive theory [130] 614
MoA 23. Social Learning/Imitation social cognitive theory [130] 614
MoA 3. Social/Professional Role and Identity theory of planned behavior [130] 614
MoA 4. Beliefs about Capabilities theory of planned behavior [130] 614
MoA 6. Beliefs about Consequences theory of planned behavior [130] 614
MoA 1. Knowledge [129] 620
MoA 11. Environmental Context and Resources [129] 620
MoA 26. Perceived Susceptibility/Vulnerability vulnerability/susceptibility education [103] 626
MoA 6. Beliefs about Consequences [103] 626
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Table 19: Overview of MoA assignments to papers. Part 3

MoA Theory in Paper Citation Paper ID

MoA 1. Knowledge [91] 629
MoA 11. Environmental Context and Resources legacy thinking [91] 629
MoA 12. Social Influences legacy thinking [91] 629
MoA 13. Emotion [91] 629
MoA 22. Feedback Processes legacy thinking [91] 629
MoA 6. Beliefs about Consequences legacy thinking [91] 629
MoA 2. Skills [16] 633
MoA 2. Skills [16] 633
MoA 1. Knowledge [92] 636
MoA 11. Environmental Context and Resources experiential communication [92] 636
MoA 22. Feedback Processes experiential communication [92] 636
MoA 4. Beliefs about Capabilities self-efficacy [92] 636
MoA 6. Beliefs about Consequences experiential communication [92] 636
MoA 26. Perceived Susceptibility/Vulnerability [122] 643
MoA 6. Beliefs about Consequences [122] 643
MoA 19. Self-image perspective taking [141] 647
MoA 22. Feedback Processes recall [141] 647
MoA 23. Social Learning/Imitation perspective taking [141] 647
MoA 3. Social/Professional Role and Identity perspective taking [141] 647
MoA 6. Beliefs about Consequences recall [141] 647
MoA 1. Knowledge [119] 656
MoA 19. Self-image [119] 656
MoA 26. Perceived Susceptibility/Vulnerability parallel processing model [119] 656
MoA 6. Beliefs about Consequences [119] 656
MoA 1. Knowledge [33] 667
MoA 19. Self-image perspective-taking [33] 667
MoA 26. Perceived Susceptibility/Vulnerability [33] 667
MoA 6. Beliefs about Consequences [33] 667
MoA 1. Knowledge [40] 694
MoA 2. Skills cognitive skill training [40] 694
MoA 22. Feedback Processes neurofeedback [40] 694
MoA 19. Self-image future self-continuity, perspective taking [39] 701
MoA 22. Feedback Processes future self-continuity [39] 701
MoA 3. Social/Professional Role and Identity perspective taking [39] 701
MoA 4. Beliefs about Capabilities future self-continuity [39] 701
MoA 6. Beliefs about Consequences future self-continuity [39] 701
MoA 12. Social Influences [43] 709
MoA 13. Emotion cognitive dissonance [43] 709
MoA 16. Subjective Norms [43] 709
MoA 19. Self-image perspective taking [43] 709
MoA 22. Feedback Processes cognitive dissonance [43] 709
MoA 3. Social/Professional Role and Identity [43] 709
MoA 6. Beliefs about Consequences [43] 709
MoA 19. Self-image vicarious reinforcement, self-other manipulation, social

cognitive theory
[36] 715

MoA 26. Perceived Susceptibility/Vulnerability [36] 715
MoA 4. Beliefs about Capabilities vicarious reinforcement [36] 715
MoA 6. Beliefs about Consequences [36] 715
MoA 22. Feedback Processes [36] 715
MoA 1. Knowledge [132] 744
MoA 22. Feedback Processes physiological feedback [132] 744
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Table 20: Overview of MoA assignments to papers. Part 4

MoA Theory in Paper Citation Paper ID

MoA 12. Social Influences vicarious experiences, reward, social cognitive theory [58] 763
MoA 22. Feedback Processes vicarious experiences [58] 763
MoA 4. Beliefs about Capabilities self-efficacy [58] 763
MoA 6. Beliefs about Consequences reward [58] 763
MoA 9. Goals reward [58] 763
MoA 2. Skills [26] 854
MoA 1. Knowledge [102] 1221
MoA 12. Social Influences persuasion [102] 1221
MoA 19. Self-image [118] 1308
MoA 1. Knowledge [117] 1419
MoA 18. Motivation self-determination theory [117] 1419
MoA 20. Needs self-determination theory, autonomy [117] 1419
MoA 22. Feedback Processes self-determination theory, competence [117] 1419
MoA 2. Skills [21] 308
MoA 22. Feedback Processes [21] 308
MoA 2. Skills [100] 475
MoA 12. Social Influences [100] 475
MoA 16. Subjective Norms [100] 475
MoA 18. Motivation self-determination theory [100] 475
MoA 1. Knowledge [111] 537
MoA 11. Environmental Context and Resources [111] 537
MoA 1. Knowledge [51] 638
MoA 11. Environmental Context and Resources [51] 638
MoA 1. Knowledge [55] 962
MoA 4. Beliefs about Capabilities [55] 962
MoA 12. Social Influences [55] 962
MoA 14. Behavioral Regulation [55] 962
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Table 21: Distribution of papers by behavior/intention/measurement gap and effectiveness type, indicating the number of
papers with positive, negative, or mixed effects.

Short-term Effectiveness (pre-
post)

Long-term Effectiveness (pre-
post)

Comparative Effectiveness

Behavioral Outcome Positive 15 (78.95%) 5 (62.50%) 8 (57.12%)
Negative 3 (15.79%) 2 (25.00%) 5 (35.71%)
Mixed 1 (5.26%) 1 (12.50%) 1 (7.14%)

Measured 19 8 14
Not Measured 8 19 13

Behavior-Intention Gap Positive 5 (71.43%) 0 0
Negative 2 (28.57%) 0 2 (66.67%)
Mixed 0 0 1 (33.33%)

Measured 7 0 3
Not Measured 5 12 9

Behavior-Measurement
Gap

Positive 0 0 0

Negative 0 0 0
Mixed 1 (100%) 0 1 (100%)

Measured 1 0 1
Not Measured 4 5 4

Other Constructs Positive 5 (55.55%) 1 (100%) 1 (100%)
Negative 2 (22.22%) 0 0
Mixed 2 (22.22%) 0 0

Measured 9 1 1
Not Measured 0 8 8

Table 22: Results of the GLMM for testing the influence of agency and connection to action on short-term effectiveness . The
model yielded an AIC of 27.4 and a BIC of 40.6, with a log-likelihood of –9.7. A variance of 4048 (𝑆𝐷 = 63.62), suggesting
considerable between-paper heterogeneity. Scaled residuals were minimal, and the correlation matrix of fixed effects indicated
moderate collinearity between predictors, which may affect the stability of estimates.

Estimate Standard Error z-Value p-Value

(Intercept) 13.75 4.31 3.19 0.0014 **
Agency Yes -26.11 7.309 -3.57 0.0004 ***
Connection to Action Active 27.31 7.01 3.89 9.84e-05 ***

Table 23: Papers grouped into the factors agency and connection to action.Ë indicates a measured short-term effect,é indicates
that an effect was tested but not found, Ë indicates mixed results, and é indicates that short-term effectiveness was not
measured.

Active Connection to Action Passive Connection to Action

Agency [26]Ë, [126]Ë, [55]Ë, [40]Ë, [43]Ë, [117]Ë, [74]Ë, [134]Ë,
[21]Ë, [127]Ë, [82]Ë, [130]Ë, [103]Ë, [16]Ë, [93]Ë, [131]Ë,
[109]Ë, [138]é, [72]é, [96]é, [70]é, [92]é, [122]é, [100]é,
[14]é, [36]é, [58]é, [57]é, [4]é, [23]é

[48]Ë, [20]Ë, [102]Ë, [111]é, [39]é

No Agency [60]Ë, [141]Ë, [132]Ë [139]Ë, [65]Ë, [91]Ë, [51]Ë, [44]Ë, [32]Ë, [118]é, [84]é,
[19]é, [104]é, [129]é, [73]é, [119]é, [33]é, [35]é
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