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Despite increased attention to the reliability of behavioural research, efficient solutions for conducting
more representative studies are lacking. Remote virtual reality offers a promising way forward by enabling
researchers to study representative behaviours in large samples and diverse settings over time, without
sacrificing experimental control.

Many roadblocks stand in the way of reliable research. Meta-science efforts have focused on questionable
research practices, publication biases, ‘publish or perish’ incentive structures, and closed science. This work
has had a tremendous impact on scientific culture, but important obstacles remain unaddressed. One
prominent example is the difficulty of increasing the external validity of laboratory results. External validity
describes the extent to which a given finding or conclusion can be generalised to other tasks, situations,
people, and times?!. External validity is an important property of a study because general conclusions are
often a goal in discovery research, and interventions derived from applied research strive to be effective
across settings, people, and time.

Remote behavioural studies in virtual reality (VR) promise to be a powerful and efficient tool for achieving
studies that are more representative and diverse, thereby increasing the external validity of psychological
findings. Specifically, remote VR studies can address three key challenges: homogenous sampling of
settings, small and homogenous samples of volunteers, and measuring changes over time.

VR diversifies settings

Researchers usually want to make conclusions about findings which hold true in different settings (where
‘settings’ refers to stimuli, contexts, situations, sites, tasks, and other properties of the experimental or
observational environment which are not a direct property of the studied organism). For example, a
researcher conducting a memory experiment using photographs as stimuli will not want their findings to
be specific to the set of images selected. Similarly, a researcher developing interventions for fear of public
speaking would want the effects to be transferable to the everyday situations people with fear of public
speaking encounter. To generalise findings to other settings, settings need to be sampled diversely, either
within the constraints of the same study (for example, as random effects or variables), or by replicating the
study in other settings. Furthermore, it is important to sample settings that are representative of the target
settings, that is, the setting to which the researcher wishes their findings to generalise?. For example, a
memory researcher might actually be interested in participants’ memory for realistic and immersive
environments, not their memory for static, isolated photographs.

Traditional laboratory constraints can obstruct diverse and representative sampling of settings. The
degrees of freedom afforded by classic tools (computer screen, keyboard and mouse) can be restrictive
and it can be difficult to demonstrate that the chosen study settings are, in fact, representative of the target
setting. For example, researchers have learned a great deal about short-term memory from laboratory
studies in which simple to-be-remembered stimuli quickly flash on the screen and participants indicate
recalled information by button-press responses. However, in many real-world settings in which short-term
memory is used (such as following a recipe or a manual for assembling furniture), one’s surroundings
remain stable across adjacent time points; critical components of the environment must be kept in memory



because of self-initiated movements away from critical sensory information; and objects are ultimately
acted on directly®. Previously, it was nearly impossible for research studies to do justice to these types of
target settings because it would have jeopardised experimental control. Testing a cognitive system
adequately under such representative demands would require full information about the environment and
knowledge of, for example, participants’ movements, field of view and focus of attention®.

VR’s immersive realism and the many possibilities for response generation and interaction with the
experimental environment® make it the ideal tool for diverse sampling of settings. In VR, the researcher has
full access to participants’ field of view, the experimental environment, participants’ eye, hand, and head
movements, and their position in space. This access to rich multivariate behavioural data enables
researchers to construct representative settings without sacrificing experimental control. An impressive
example of VR’s maturity as a research tool is the automated VR therapy developed to treat agoraphobic
avoidance and distress in patients with psychosis®. Here, VR is used to simulate experiences in a café, shop,
doctor's surgery, and bus (diverse sampling of settings), which convincingly represent the everyday
situations researchers wish to generalise to (representative of the target setting). Such an immersive study
is difficult to imagine within the framework of traditional laboratory constraints and showcases how VR can
be a central tool for increasing the diversity and representativeness of settings.

Remote VR diversifies samples

For a study to achieve high external validity, participants need to be representative of the target sample,
that is, the sample of people to which the researcher wishes their findings to generalize. Psychology has
had an ongoing struggle with obtaining diverse and representative participants as it has mostly relied on
undergraduate samples from Western, educated, industrialized, rich and democratic (WEIRD) societies’. A
popular solution for increasing sample diversity has been large-scale online testing, which offers fast
results, and has the long-term potential to reach representative samples effectively®.

Online studies conducted in VR can profit from the same advantages as regular online testing. VR
technology is not a recent development, and specialised laboratories have conducted research in VR for
decades. High prices and poor system quality were previously major roadblocks towards adopting VR in
behavioural research. However, the consumer landscape of VR technology is transforming in a similar
fashion to the rapid technological development and broad product adoption of mobile phones in the early
2000s. Major technological companies, as well as many new start-ups, have developed (and keep refining)
research-grade VR systems, and they are becoming increasingly affordable to consumers and researchers.
Research-grade consumer systems are projected to surpass 34 million installed units in 2024.

Critically, the advantage of reaching representative samples online interacts with VR’s potential for
diversifying settings. Online studies will benefit from VR’s immersion and novel participant-environment
interaction techniques. For the first time in remote research, researchers will be able to account for the
entire visual field, gaze behaviour, locomotion and navigation. This will allow researchers to construct
representative, well-controlled settings, while at the same time profiting from the scalability, fast results,
and more representative samples of the online world. In the long-term, it will likely be possible to conduct
VR studies and administer VR interventions and treatments online.

Remote VR affords testing over time

Time is a component of external validity that can interact with the studied settings and organisms. Sampling
across diverse and representative time points ensures that findings are valid (for example, are not
dependent on the time of day a measure was taken), and interventions remain effective (that is, that
benefits do not dissipate with exposure to the intervention, or after the intervention is discontinued). In



remote VR, similar to traditional online studies, the same participants can be repeatedly tested from the
comfort of their own home.

The benefit of repeated online access to large number of participants is further amplified by VR’s potential
for diversifying settings. Thanks to its millisecond precision, remote VR will enable researchers to chart
changes not only over longer timescales such as minutes, hours, days, months, and years, but also over
very brief periods. VR affords sub-second continuous recordings across various effectors, such as pupil
diameter, gaze shifts, and movement trajectories. Thus, using remote VR researchers will be able to move
beyond simple button presses by remotely capturing continuous time-resolved behavioural responses in a
well-controlled environment.

Outlook

The increasing affordability and quality of VR systems will make VR more common in people’s homes and
more accessible to researchers around the world. VR offers immersive realism without sacrificing
experimental control, and conducting VR studies remotely will provide access to more representative
samples at flexible time points. These benefits can lower barriers to embracing study designs with high
external validity, with long-lasting consequences for research culture.

Aremaining challenge is the need for technological expertise, because even simple VR studies might require
the help of experienced developers. Thus, borrowing the terminology from the Center for Open Science
the next step is to develop the necessary infrastructure (‘make it possible’) and develop the user experience
(‘make it easy’) for conducting remote behavioural studies in VR%!°. An accessible VR infrastructure for
online testing will enable researcher to conduct well-controlled studies with high external validity.
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