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ABSTRACT
Immersive virtual reality (IVR) takes advantage of exponential growth in our technological abilities 
to o!er an array of new forms of entertainment, learning opportunities, and even psychological 
interventions and assessments. The "eld of creativity is a driving force in both large-scale innova-
tions and everyday progress, and imbedding creativity assessment in IVR programs has important 
practical implications for future research and interventions in this "eld. Creativity assessment, 
however, tends to either rely on traditional concepts or newer, yet cumbersome methods. Can 
creativity be measured within IVR? This study introduces the VIVA, a new IVR-based visual arts 
creativity assessment paradigm in which user create 3D drawings in response to a prompt. 
Productions are then rated with modern extensions of a classic product-based approach to 
creativity assessment. A sample of 67 adults completed the VIVA, further scored using item- 
response modeling. Results demonstrated the strong psychometric properties of the VIVA assess-
ment, including its structural validity, internal reliability, and criterion validity with relevant 
criterion measures. Together, this study established a solid proof-of-concept of the feasibility of 
measuring creativity in IVR. We conclude by discussing directions for future studies and the 
broader importance and impact of this line of work for the "eld of creativity and virtual reality.
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Introduction

Immersive virtual reality (IVR) is rapidly reshaping the 
psychological assessment and intervention landscape (e.g., 
Brivio et al., 2020). Capitalizing on its capability to fully 
immerse people in virtual environments in 
a “standardized” fashion, IVR has already been used in 
a range of diagnosis and assessment applications (e.g., 
Freeman et al., 2017) and numerous treatment and reha-
bilitation efforts (e.g., Mattila et al., 2020; Tennant, 
McGillivray, Youssef, McCarthy, & Clark, 2020). These 
applications include programs that can help treat attention 
and memory deficits (Faria, Andrade, Soares, & I Badia,  
2016) and enhance emotion regulation, well-being, or self- 
actualization (e.g., Diemer, Alpers, Peperkorn, Shiban, & 
Mühlberger, 2015). More broadly, IVR-based programs 
have been viewed as holding great promise for human 
development in general, in that it has the potential to help 
people change their viewpoints of the world, and of one 
another (e.g., Barbot & Kaufman, 2020; Peña & Blackburn,  
2013) with lasting effects in the real world (Rosenberg, 
Baughman, & Bailenson, 2013).

An emerging line of work in which the potential of IVR 
for human development was recently highlighted is crea-
tivity (e.g., Grigorenko, 2019). Creativity is not just about 

arts and innovation (e.g., Glăveanu, 2014), but, as described 
herein, it is used in many dimensions of human experience 
in which we have to solve problems creatively. In a context 
of greater global challenges, creativity is part of the “human 
capital” (Walberg, 1988) ever more recognized as a critical 
asset, from daily problem solving to societal development 
(Guilford, 1950; Said-Metwaly, Fernández-Castilla, Kyndt, 
Van den Noortgate, & Barbot, 2020). Indeed, in the midst 
of particularly difficult times, creativity may hold a key to 
our ability to survive and thrive (Kapoor & Kaufman,  
2020).

After a brief review of the concept of creativity and its 
benefits for human progress, we highlight the promise of 
engaging creativity in IVR and the pivotal need for its 
assessment in such settings. We then introduce a new IVR- 
based creativity assessment paradigm, and gauge its feasi-
bility through a proof-of-concept in which a classic pro-
duct-based assessment approach to creativity is applied.

Creativity, its nature and impact on human 
development

It is easy to assume that creativity is such a nebulous 
topic that it is impossible to define. Yet, this is 
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a misperception (Cropley, 2015). From the earliest 
major works (e.g., Guilford, 1950) to currently accepted 
viewpoints (Hennessey & Amabile, 2009; Plucker, 
Beghetto, & Dow, 2004), there is solid scholarly agree-
ment. In order for something to be considered creative, 
it needs to have 2 core components. It should be original 
(i.e., new and different from past work) and task- 
appropriate (i.e., relevant and useful for its designed 
purpose). If either novelty or effectiveness are missing, 
then such a product would not be creative (Simonton,  
2012). Beyond definitions, there are many theories and 
models that suggest ways of conceptualizing creativity. 
Rhodes (1961) introduced the idea of the 4-Ps of crea-
tivity: the Person, Process, Press, and Product. Much 
subsequent research has indeed emphasized one of 
these angles: individual differences associated with crea-
tivity, such as cognition or personality (the Person), the 
stages involved in being creative (the Process), the 
impact of environment and context on creativity (the 
Press), and how to evaluate or determine what is creative 
(the Product), which is one of the key focus of the work 
presented here.

Whether focused on the Person, Process, Press, or 
Product, creativity is surely a promising target for 
a new era of digital applications given its multiple indi-
vidual and social benefits. Indeed, creativity is, has been, 
and will continue to be a key driver of human progress; 
most of the major, paradigm-shifting innovations that 
have enriched our lives are the result of creative genius 
(Simonton, 2009). Further, much of our economic pro-
gress and organizational successes are also rooted in 
exceptional creative accomplishments (Florida, 2014). 
However, everyday creators (i.e., everyone) can also 
receive a myriad of emotional, mental, and physical 
benefits of creativity. People who are more creative, 
for example, see a host of possible advantages that 
range from being better equipped to grow after living 
through a traumatic experience (Forgeard, 2013) to 
being seen as more sexually attractive (Kaufman et al.,  
2016). Engaging in creative activities (typically in the 
arts) has a wide array of ways in which it improves 
people’s lives. Some are existential, such as making 
sense of their past life events (Pennebaker & Seagal,  
1999) or finding meaning (Kaufman, 2018). Other 
ways are of cognitive nature. For example, older adults 
who participate in creative arts are less likely to develop 
dementia (Roberts et al., 2015) or to stave off its effects if 
they already have dementia (Maguire, Wanschura, 
Battaglia, Howell, & Flinn, 2015). Creativity has also 
established impact on improved mental health out-
comes across many dimensions, from reducing stress 
(Meier et al., 2020), to relieving one’s burdens (Goncalo, 
Vincent, & Krause, 2015). Finally, creativity has 

potential to encourage helping others and reduce pre-
judice (Groyecka-Bernard, Karwowski, & Sorokowski,  
2021; Luria & Kaufman, 2017), as well as supporting the 
development of self and identity (Barbot & Heuser,  
2017; Barbot, 2020, 2021; Sica, Ragozini, Palma, & 
Sestito, 2019).

Assessing creativity: bringing creativity in digital 
environments

Digital worlds offer countless new modalities for crea-
tive expression (Barbot, 2021; Hoffmann, Ivcevic, & 
Brackett, 2016) and there is an emerging line of work 
aiming at stimulating creativity through digital technol-
ogies (Tang, Mao, Naumann, & Xing, 2022), including 
in IVR (Chang, Kao, & Wang, 2022; Chen, Chang, & 
Chuang, 2022; Graessler & Taplick, 2019; Guan, Wang, 
Chen, Jin, & Hwang, 2021; Lau & Lee, 2015; Li et al.,  
2022; Nelson & Guegan, 2019; Obeid & Demirkan,  
2020; Ritter et al., 2012; Thornhill-Miller & Dupont,  
2016; Wang, Weng, Tsai, Kao, & Chang, in press; 
Yang et al., 2018).

This body of work has explored the use of IVR as 
a tool to enhance creativity in problem-solving (Yang 
et al., 2018; for review, see Graessler & Taplick, 2019), 
education (Guan et al., 2021), engineering (Graessler & 
Taplick, 2019), or design (Chang et al., 2022; Obeid & 
Demirkan, 2020). Some of this work examined the effect 
on creativity of either unusual IVR environmental (Lau 
& Lee, 2015) or simulated “real” environments that are 
conductive of creative thinking (Li et al., 2022; Nelson & 
Guegan, 2019). All these studies concluded on the pro-
mise of IVR for promoting creativity in various settings 
(e.g., Li et al., 2022; Thornhill-Miller & Dupont, 2016). 
They also pointed out how VR can increase motivation 
and engagement in the task (e.g., Guan et al., 2021; Lau 
& Lee, 2015). However, they have all pointed out the 
need for further research to fully understand the effects 
of IVR on creativity.

Surprisingly, there are, however, scarce attempts to 
measure creativity in such settings: most research in 
the field of creativity in IVR typically measures 
aspects of the creative potential outside the virtual 
environment using classic methods (e.g., Chen et al.,  
2022; Wang et al., n.d.). Conducting creativity assess-
ment outside the IVR settings may pose experimental 
and practical challenges (e.g., constraints on the tim-
ing of the assessment; having to set up a participant 
for IVR multiple times to conduct activities both 
inside and outside IVR). After some early experimen-
tations (Ward & Sonneborn, 2009), there has indeed 
been strikingly little scholarship on creativity mea-
surement within virtual reality settings. Given the 

2 B. BARBOT ET AL.



paucity of funding for creativity research (Runco & 
Abdullah, 2014), this omission is in fact not surpris-
ing; there has been scant work on applying modern 
technologies such as computer scoring to actual crea-
tive performance, despite recent efforts (e.g., Johnson 
et al., 2022; Zedelius, Mills, & Schooler, 2019). The 
lack of creativity assessment research in the context of 
IVR is particularly detrimental for multiple reasons. 
First, as outlined since decades, VR environments 
offer optimal context for assessment, providing more 
controlled and ecologically valid measurement set-
tings (e.g., Blascovich et al., 2002). Second, when the 
specific assessment purpose is to measure creativity, 
IVR seems particularly relevant to let users creatively 
deal with unusual stimuli, situations, and modalities 
that they have never been exposed to before. Third, 
IVR environments seem particularly relevant to gauge 
or monitor change in creativity in the context of IVR- 
based creativity stimulation programs that are gaining 
momentum (e.g., Barbot & Kaufman, 2020; Nelson & 
Guegan, 2019; Ritter et al., 2012). Together, imbed-
ding creativity assessment within IVR (in the context 
of IVR-based studies, interventions, or training pro-
grams) offers the practical advantage to incorporate 
the assessment component within the same environ-
ment at any time in the experimental setup.

In the work presented here, we propose to transpose 
classic assessment of creativity in the realm of IVR. In 
fact, many current creativity assessments are still based 
on core concepts introduced in the 1950s (see e.g., 
Barbot, Hass, & Reiter-Palmon, 2019; Kaufman, Baer, 
Cole, & Sexton, 2008). One very established method in 
the field – and comparatively more recent – is the 
Consensual Assessment Technique (CAT; Amabile,  
1996). Although there is a range of variations as to 
how it is applied in creativity research (Cseh & Jeffries,  
2019), its basic principle remains the same. It consists of 
collecting a corpus of work from the participants to be 
tested. Such products can be nearly anything, from art-
work to business ideas, to mathematical equations, 
musical compositions or written productions (Barbot 
& Lubart, 2012). A group of judges generally selected 
for their expertise in that specific domain is then 
involved. Using their own conceptions of creativity, 
they independently evaluate all products (Kaufman & 
Baer, 2012) or some sub-samples of products using 
planned missingness designs (Barbot, 2020; Fürst,  
2020). After statistically gauging the consensus across 
judges, scores are then aggregated – generally using 
a mean or sum score which is not without limitations 
(Myszkowski & Storme, 2019a) – so that each produc-
tion may be characterized by a composite creativity 
score.

In CAT studies, judges with expertise in the relevant 
area consistently yield high inter-rater agreement (Baer, 
Kaufman, & Gentile, 2004; Baer, Kaufman, & Riggs,  
2009). In contrast, it takes many more novices to reach 
a basic level of reliability, and their judgments do not 
particularly correlate with those of experts (Kaufman, 
Baer, & Cole, 2009; Kaufman et al., 2008). For domains 
with less established guidelines or required knowledge – 
such would be the case for most tasks developed for 
IVR – advanced students (Kaufman, Baer, Cropley, 
Reiter-Palmon, & Sinnett, 2013) and dedicated aficio-
nados of the domain (Plucker, Kaufman, Temple, & 
Qian, 2009) show notably better reliability and agree-
ment with expert opinion.

The CAT is frequently used in creativity research 
(Forgeard & Kaufman, 2016) across a range of domains. 
For instance, it is commonly used to evaluate creative 
writing (Taylor et al., 2021), but examples in the visual 
art are scarce and even more so in unusual settings such 
as with 3D-Drawing applications in IVR environments. 
The latter is of particular interest because many people 
might never have had experience creating in such set-
tings. Therefore, it also represents a unique opportunity 
to elicit people’s “baseline” creative behaviors as they 
discover a new, unusual creative situation.

Present study

Given such gaps, it seems to be time to move creativity 
assessment into the 21st century and incorporate the 
promise of IVR in this pursuit. In an effort to move this 
line of work forward, the present study represents a first 
attempt to transpose classic creativity measurement 
methods to IVR settings. Specifically, we sought to 
address whether digital creative production completed 
in IVR settings by people unexperienced with the 
expressive modality at hand (here, 3D painting) would 
be suitable for assessment under a classic creativity 
assessment paradigm, namely, the Consensual 
Assessment Technique (CAT; Amabile, 1996). Would 
such assessment setting with realistic testing constraints 
(i.e., prompt, time limit) in an environment largely 
unknown to the user, be measured with a sufficient 
level of structural validity (i.e., supporting an objectifi-
able reality), and yielding creativity scores internally 
reliable? Further, would individual differences in “clas-
sic” expressive creativity task (e.g., writing), relate to 
creativity measured in this new, digital modality? 
Finally, would the creative quality of the digital produc-
tions generated in this IVR modality be sufficiently 
distinguishable from other aspects of the productions, 
including their aesthetic qualities? As an initial proof-of 
-concept, the present study addresses these questions 
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with a rather simple paradigm involving creative pro-
duction in first-time 3D-painting users, further rated by 
applying the classic CAT methodology.

Method

Participants and procedure

The present study was part of a research program on the 
development of creativity and imagination in IVR, 
approved by Pace university IRB protocol 16-130. 
Participants were 67 undergraduate students 
(nmale à 35; nfemale à 31; nother à 1;Mage à 20:97;
SDage à 4:82Ü recruited from a large urban University in 
the Northeastern region of the United States. They 
represented a diverse range of racial and ethnic back-
ground including Caucasian/White (51%), Asian 
American (21%), Multiracial (15%), African American/ 
Black (12%) and Pacific Islander/Native Hawaiian (1%). 
Twenty-one percent of the participants indicated being 
of Hispanic background. Most of them (77%) reported 
having some college attendance (but no college 
degrees), and a variety of disciplines were represented. 
As described in greater length in related work, partici-
pants were recruited through in-class announcements, 
flyers, and IVR showcase events conducted in the main 
lobby of the university. Besides a brief preview of HMD 
technology1 that those participants recruited through 
the IVR event had, none of the participants have had 
IVR experience prior to their involvement in the study.

After providing consent to participate, eligible sub-
jects were enrolled in a 5-weekly sessions Immersive 
Virtual Reality Experience (IVRE) program (Barbot & 
Kaufman 2020). One week prior to the start of the 
program, they completed a series of measures online 
including the Visual Aesthetic Sensitivity Test – Revised 
(VAST – R) (cf. 2.3. measures), and as part of the first 
IVRE session, they completed another set of in-lab 
measures (including the Storyboard Task), as well as 
the Virtual Immersive Visual Art (VIVA) Task under 
focus here (2.2. Material). After the last IVR session, 
they completed another set of measures (including an 
alternate form of the Storyboard Task).2 At the end of 
the program, participants received a $25 gift card for an 
online store as a token of appreciation for their time.

Materials

The VIVA Task was implemented in the award-winning 
application Tilt Brush (Google, 2016). It was delivered 
individually to participants in a comfortable 3 m (9 ft 
10.1in) × 3 m (9 ft 10.1 in) room-scale settings, using the 
HTC Vive HMD, which provides a 110-degree field of 

view at 90 Hz refresh rate. The audiovisual rendering 
was provided to the wired HMD using a PC with a 3.00  
GHz AMD 8 × 3.00 GHz processor, 16 Gb of RAM, and 
a 4 Gb VRAM Nvidia GeForce GTX 980 graphics card. 
Tilt Brush is a popular room-scale 3D-painting IVR 
application with a 6 degrees of freedom (6DoF) motion 
interface, allowing both rotational and translational 
user’s movements in IVR. One of 2 HTC Vive handheld 
controllers is given to the participants to access a virtual 
palette from which they were able to select from a broad 
range of painting tools. The virtual brush materialized 
by the other handheld controller is tracked in real-time. 
When using the controller’s trigger, participants’ move-
ments of the controller create brush strokes that follow 
in the 3-dimensional canvas (Patz, Grzymala, & 
Gengnagel, 2019).

Measures

VIVA task: creativity and aesthetic quality
Once the Tilt brush application was launched and basic 
information on controls was provided, participants were 
prompted to “draw an animal of your choice, real or 
imaginary.” Participants were given 12 minutes to com-
plete their production in the IVR environment. Once 
participants were finished, their production was saved 
and screenshots taken for follow-up evaluation. 
Specifically, productions generated from the VIVA 
task were rated for both creativity and aesthetic quality 
by 9 judges with a range of creativity expertise, using the 
above described Consensual Assessment Technique 
(CAT; Amabile, 1996), as implemented in CAT-i 
(Barbot, Orriols, & Pouyade, 2008)—a web-based inter-
face to facilitate CAT procedure online. Ratings were 
provided independently by each judge for each produc-
tion presented in a random order, using 7-point Likert- 
type scale, with “1” denoting low creativity, and “7” 
denoting high creativity. Although the central purpose 
of CAT is to measure the creativity of productions, it 
was also used elsewhere (e.g., Amabile, 1996) and here 
to collect ratings on the aesthetic quality of the produc-
tions, in order to ensure that the measure of creativity 
being proposed was empirically distinguishable from 
a measure of aesthetic abilities (i.e., discriminant valid-
ity). Ratings were obtained in 2 separate rating sets, 1 for 
creativity, and 1 for aesthetic quality.3 The ‘Data ana-
lyses and statistical approaches’ section extensively dis-
cusses how the ratings were analyzed and production 
scored. The same procedure was applied separately to 
both the creativity and the aesthetic quality sets of rat-
ings. Figure 1 illustrates sample productions that were 
generated by the participants. Examples were selected to 
represent a range of creativity and aesthetic quality 
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levels, based on ratings of these productions (see the 
’Data analyses and and statistical approaches’ section).

Creative writing task
The Storyboard task (Taylor, Kaufman, & Barbot, 2021) 
was used as another production-based assessment of 
creativity, with a focus on the writing domain with 
a narrative framework, that is, “essentially the introduc-
tion of a problem, with particular characters and setting, 
which includes a beginning, a middle and an end” 
(Barbot, Tan, Randi, Santa-Donato, & Grigorenko,  
2012). The choice of a writing task, as opposed to 
a graphic task, as an external validity criterion was 
intended to provide insights on the domain-general 
aspects of creativity elicited by VIVA. Although both 
the VIVA and the storyboard task can be categorized as 
“expressive” creative tasks, they theoretically rely on 
very distinct domain-specific skills. As such, their com-
mon variance should reflect more domain-general 
aspects of creativity. The task includes a total of 4 
items across 2 forms, delivered on a digital platform, 
each of which presents a set of 3 unrelated images, 
prompting participants to “Write a story using each 
picture as an illustration of the beginning, middle, and 
end of your story.” Accordingly, for each item, partici-
pants type out each part of their story in 3 separate text 
boxes underneath the corresponding picture, in a self- 
paced format. Following classic CAT procedure, 3 

independent expert judges rated the products of both 
tasks on their level of creativity. A few participants 
(between 2 and 5 depending on the measurement occa-
sion) did complete all storyboard items, but all partici-
pants had scores on at least 2 items.

Because the measurement design involved multiple 
raters and items, we used a Generalized Many Facet 
Rasch Model (GMFRM), estimated with the R package 
“sirt” (Robitzsch & Steinfeld, 2018) to obtain factor 
scores for this task. Many Facet Rasch Models 
(MFRM) are item-response models that are designed 
to accommodate for simultaneously the person (parti-
cipant), the rater, and the item as sources of variability 
in ordinal ratings. They are extensively discussed else-
where (see Primi, Silvia, Jauk, & Benedek, 2019 for 
a discussion of their use on CAT data) and have been 
used in similar contexts, including with smaller sample 
sizes as in the present study (e.g., Barbot et al., 2012; Tan 
et al., 2015). Contrary to previous uses in this context, 
we here used a Generalized variant (see Robitzsch & 
Steinfeld, 2018), which had the advantages of (a) not 
assuming all raters and items to be equally discrimi-
nant – making it more realistic than the classic MFRM, 
since the raters were of varying expertise level – and (b) 
better fitting the data than the MFRM – 
Δχ2 3Ö Ü à 33:29; p< :001. The estimated reliability 
based on the model was satisfactory at .92. For compar-
ison purposes, the Cronbach’ α across items also yielded 

Figure 1. Sample productions on the VIVA task. VIVA – Virtual Immersive Visual Art.
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excellent inter-rater agreement (Cronbach’s α à :96, 
:94, :90, and :90 respectively for items A1, A2, B1, and 
B2), as well as the average scores of the 4 items 
(Cronbach’s α à :86).

Visual aesthetic sensitivity
Aesthetic abilities were measured in order to further 
support the VIVA task’s discriminant validity. To do 
so, the Visual Aesthetic Sensitivity Test – Revised 
(VAST – R; Myszkowski & Storme, 2017) was 
employed. The VAST-R measure one’s ability to make 
aesthetic judgments in agreement with external stan-
dards – generally defined as aesthetic sensitivity 
(Child, 1964; Myszkowski, 2020). It consists of 25 
items, which are a subset of the 50 original items 
(VAST; Götz, 1985), each consisting of a pair of black 
and white abstract drawings by the German painter K. 
O. Götz, Each pair (i.e., item) comprises an original 
drawing, and a version of that drawing that is altered 
to include aesthetic defects (e.g., line breaks). The parti-
cipants are prompted to indicate which of the 2 draw-
ings in the pair is aesthetically superior or better 
balanced. The items or the original VAST (and thus 
VAST – R) were selected based on unanimous agree-
ment by a panel of 8 art experts over the “correct” 
responses. Although aesthetic quality is certainly sub-
jective, the agreement of experts forms an empirical 
standard, which is a practical necessity for this type of 
test (Myszkowski, Çelik, & Storme, 2020). In the present 
study, the observed Cronbach’s α (or KR20), based on 
the tetrachoric correlation matrix (the items being 
dichotomous), was :81, indicating an internal reliability 
that was both sufficient and comparable with previous 
research (Myszkowski & Storme, 2017; Myszkowski,  
2019a).

Data analyses and statistical approaches

Analyses were conducted in 3 main sets focused on 
examining the psychometric properties of the VIVA 
Task scores including (a) their structural validity, (b) 
internal reliability, and (c) criterion validity with the 
criterion measures.

Structural validity
Given that the CAT judgment data are ordinal, we 
followed recent recommendations (Myszkowski & 
Storme, 2019b; Myszkowski, 2019b) and emphasized 
a psychometric modeling approach based on ordinal 
item-response models. This approach is comprehensive 
in that it allows to compare the fit of various psycho-
metric models and estimate the resulting reliability of 
scores provided by each model. We used the R package 

“jrt” (Myszkowski, 2019b) for these analyses, which 
itself is based on the estimation engine of the “mirt” 
package (Chalmers, 2012; Liu & Chalmers, 2018). “jrt” 
tests 8 response models extensively described in 
Myszkowski (2019b) and the item-response theory lit-
erature (e.g., Nering & Ostini, 2010), including the 
popular Graded Response Model (GRM; Samejima,  
1969), the Generalized Partial Credit Model (GPCM; 
Muraki, 1990), the Partial Credit Model (PCM; 
Masters, 1982), and the (Rasch) Rating Scale Model 
(RSM; Andrich, 1978). The most flexible models (the 
GRM and GPCM) make minimal assumptions about 
the judgments, as they allow for judges to differ in 
difficulty/severity, discrimination/expertise (ability to 
capture in their judgment the latent attribute mea-
sured), and use of the response scale (structure of the 
responses categories 1-2-3-4-5-6-7).

In the present study, “jrt” determined that 4 models 
could not be fitted to the data because all raters did 
not use all response categories. As a result, only the 4 
remaining models we tested (i.e., GPCM, PCM, GRM, 
and a GRM variant with all judges having equal dis-
criminations, thereafter labeled Constrained Graded 
Response Model [CGRM]). In addition to fitting 
these item response models, the R package “lavaan” 
(Rosseel, 2012) was used to fit a unidimensional 
Covariance-based Confirmatory Factor Analysis 
(CFA) with Maximum Likelihood estimation, which 
is a popular modeling approach of CAT data (e.g., 
Barbot, 2020).4 Compared to the ordinal item- 
response models, this procedure has the disadvantage 
of assuming multivariate normality, but the advantage 
of relying on less judge parameters, thus allowing 
a more stable estimation.

For all models, classic structural model fit measures 
were computed (Cai & Hansen, 2013) and their estab-
lished benchmark applied (Hu & Bentler, 1999) includ-
ing a non-significant χ2 tests, the Comparative Fit Index 
(CFI) and the Tucker–Lewis Index (TLI) with values 
above .95, the Root Mean Squared Error of 
Approximation (RMSEA) and Standardized Root 
Mean Squared Residual (SRMR) below .08, to suggest 
a satisfactory model fit. Nested models (GRM/CGRM 
and GPCM/PCM) were compared with Likelihood 
Ratio (χ2) Tests, and non-nested models were compared 
using the Akaike Information Criterion (AIC), with 
smaller AIC indicating better fit.

Internal reliability
In item-response models, reliability is a function of the 
latent attribute. For example, extreme creativity levels 
may be less reliably measured than average-range 
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creativity levels. Accordingly, we computed and plotted 
the reliability function, as implemented in “jrt.” We also 
computed the empirical reliability, which is the average 
reliability in the sample, as well as the expected relia-
bility based on a prior standard normal distribution of 
creativity levels. In addition to these analyses based on 
ordinal item-response models and for comparison pur-
poses, we also computed the Cronbach α which is the 
most common way to evaluate CAT scores’ internal 
reliability (Cseh & Jeffries, 2019) despite severe limita-
tions (Myszkowski & Storme, 2019b).

Criterion validity
To study criterion validity, we computed bivariate 
correlations between the factor scores estimated for 
all productions – from the best fitting model identi-
fied in the structural validity analytic set – and the 
criterion measures scores (i.e., the Storyboard creative 
writing, and VAST-R scores). Consistent with extent 
literature, and psychometric evaluations data of other 
product-base creativity assessment (e.g., Barbot & 
Lubart, 2012; Kaufman, Lee, Baer, & Lee, 2007; 
Taylor & Barbot, 2021), we expected that the VIVA 
Creativity scores would be positively correlated with 
creativity levels in the Storyboard task, aesthetic qual-
ity ratings of the VIVA productions, and VAST-R 
scores. Further, we expected that these associations 
would be of moderate magnitude at most (r< :5Ü, 
indicating that the VIVA Creativity task would still 
be empirically distinguishable from these other 
measures.

Results

Structural validity

The fit indices of the various models tested are reported 
in Table 1. They indicate that overall, all ordinal models 
fit the data very well. However, the least constrained 
models (the GRM and GPCM), which do not assume all 
judges to be equally discriminant, had a better fit than 
their constrained counterparts. Specifically, for 

creativity ratings, the GRM fit significantly better than 
the CGRM – Δχ2 8Ö Ü à 24:37; p à :002– and the GPCM 
fit significantly better than the PCM – Δχ2 8Ö Ü à
17:51; p à :025: The GRM and GPCM are not nested 
models and thus could not be compared with 
a Likelihood Ratio Test, but the lower AIC associated 
with GPCM suggested that the latter had better fit. 
Similar results were found for the aesthetic quality rat-
ings, with the GRM fitting significantly better than the 
CGRM – Δχ2 8Ö Ü à 24:20; p à :002 – the GPCM fitting 
significantly better than the PCM – Δχ2 8Ö Ü à 18:62; p à
:017 – and the GPCM having a slightly better fit than the 
GRM based on their AICs. Finally, for the sake of 
comparison, the traditional (covariance-based) CFA 
model returned an excellent fit to the data for creativity – 
χ2 27Ö Ü = 28.35, p = .393, CFI = .994, TLI = .992, RMSEA 
= .027, SRMR = .056) – and acceptable fit for aesthetic 
quality – χ2 27Ö Ü = 40.53, p = .046, CFI = .941, TLI = .922, 
RMSEA = .087, SRMR = .069). Overall, the ratings being 
ordinal in nature, we chose the best fitting ordinal 
model, which was the GPCM. Although this model is 
extensively described elsewhere (e.g., Muraki & Muraki,  
2016), it is notable here that it allows for judges to vary 
in their level of severity, their discrimination (i.e., exper-
tise) and the structure of the response categories, 
thereby also making it a realistic model, since the raters 
received no training and thus had no reason to be 
equally severe or discriminant, nor to use the response 
scale in the same way.

The best fitting models (the GPCM for both 
creativity and aesthetic quality) were used to derive 
the Judge Category Curves, which plot the pre-
dicted probabilities that a judge chooses 
a response category on the 1–7 rating scale, as 
a function of the latent attribute (e.g., creativity). 
These plots are presented in Figure 2 for creativity 
ratings and in Figure 3 for aesthetic quality ratings. 
The x-axis represents θ, the latent attribute being 
judged (i.e., creativity or aesthetic quality), which 
is represented on a standard score (“z”) scale (i.e., 
with mean = 0 and SD = 1). The y-axis represents 
the predicted probability that the category is 

Table 1. Fit Indices of the Different Ordinal Response Models
Ratings Model χ2 df p CFI TLI SRMR RMSEA AIC

Creativity CGRM 42.53 35 .178 .982 .982 .110 .057 1968.9
GRM 24.34 27 .612 1.00 1.00 .072 .000 1960.6
PCM 46.06 35 .100 .974 .973 .099 .069 1961.4
GPCM 26.90 27 .469 1.00 1.00 .064 .000 1959.9

Aesthetic quality CGRM 57.24 35 .010 949 .948 .130 .099 1930.1
GRM 32.58 27 .211 .987 .983 .092 .056 1921.9
PCM 56.90 35 .011 .950 .949 .120 .098 1920.4
GPCM 32.35 27 .219 .988 .984 .087 .055 1917.8

CFI – Comparative Fit Index; TLI – Tucker–Lewis Index (values above 1 truncated to 1); SRMR – Standardized Root Mean Square Residual; RMSEA – Root Mean 
Square Error of Approximation; AIC – Akaike Information Criterion.
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chosen and the different lines represent the differ-
ent response categories (i.e., 1 through 7). Both 
figures clearly indicate variability in severity and 
use of the response scales across raters. For exam-
ple, Judge 4 overwhelmingly used the response 
category 2, judge 7 underused the response cate-
gory 4, and Judge 5 was very severe, most likely 

giving “1” for any production of lower than aver-
age creativity. Such variability supports the use of 
ordinal models such as the GPCM used here to 
estimate creativity and aesthetic quality, as 
opposed to using sum/average scores, which, 
unrealistically assume all judges to be equally dis-
criminant and to use the response scale similarly.

Figure 2. Judge category curves for the creativity judgments.
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Internal reliability

In item-response models, reliability is conceptualized as 
conditional upon the levels of latent attribute. We there-
fore present reliability functions for the creativity and 
the aesthetic quality ratings respectively in Figure 4 

panels A and B, based on the best fitting models (the 
GPCM in both cases). Like previously, the x-axis repre-
sents the latent attribute being rated (i.e., creativity and 
aesthetic quality, respectively). However, the y-axis here 
represents the total reliability of the set of ratings. The 
inspection of these reliability functions indicated that 

Figure 3. Judge category curves for the aesthetic quality judgments.
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satisfactory reliability was obtained for creativity and 
aesthetic quality levels that were around average and 
that better reliability was achieved for high levels of 
creativity and aesthetic ability compared to low levels.

The average reliability in the sample – often named 
empirical reliability – was .89 for creativity ratings and 
.86 for aesthetic quality ratings. The expected reliability 
based on prior standard normal distributions of creativ-
ity and aesthetic quality was similar, with .89 for the 
creativity ratings and .90 for the aesthetic quality rat-
ings. Cronbach’s α, which was computed for the sake of 
comparability with other studies, was .87 for both the 
creativity ratings and the aesthetic quality ratings. These 
results are very consistent, and clearly indicate satisfac-
tory internal reliability. Because of the satisfactory fit of 
the GPCM and the reliability of the ratings, we com-
puted factor scores based on the GPCM model, using 
Expected A-Priori (EAP) estimates, for both creativity 
and aesthetic quality for use in subsequent analyses.

Criterion validity

Bivariate correlations between the study measures and 
age (for control purpose) are presented in a correlation 
matrix (Table 2). Overall, as hypothesized, the pattern of 
correlations observed suggested that the VIVA 
Creativity scores were correlated with, but distinguish-
able from, the storyboard creativity task and the VAST – 

R. Specifically, VIVA creativity was moderately related 
to written creativity (i.e., Storyboard task; 
r 65Ö Ü à :45; p< :001) and independent of aesthetic abil-
ities (i.e., VAST-R; r 65Ö Ü à :21; p à :096). However, 
VIVA creativity and aesthetic quality were strongly 
related to each other (r 67Ö Ü à :85; p< :001Ü, whith the 
latter showing a smaller association with both written 
creativity (i.e., Storyboard task; r 65Ö Ü à :37; p à :002) 
and aesthetic abilities (i.e., VAST-R; 
r 65Ö Ü à :26; p à :033).

Discussion
The present study represents a first attempt to bridge 
a gap between an enthusiastic line of IVR-based pro-
grams and the ever more crucial need for creativity, 
a fundamental aspect of human capital. As a proof-of- 
concept, we proposed a rather simple assessment para-
digm in IVR which builds upon the unique capabilities 
of IVR technology and modern approaches to the classic 
CAT method. This paradigm consists of asking users to 
create a visual art digital production in IVR, using a 3D- 
painting application – a production setting never 
experienced before by most users – to capture their 
“baseline” approach to creatively expressing themselves 
in unusual settings. This study has clearly demonstrated 
that this proposed setting as a context for creativity 
assessment is feasible. All participants were – to varying 
extent and with varying level of “fluency” – able to 

Figure 4. Conditional reliability of the creativity (panel A) and aesthetic quality ratings (panel B).

Table 2. Correlations Between the VIVA Task and External Criteria
M SD 1 2 3 4

1. Age 20.97 4.82
2. VIVA Creativity 

(factor scores)
0.00 0.95 −.04

3. VIVA Aesthetic Quality 
(factor scores)

−0.01 0.94 .02 .85***

4. Storyboard Creativity Task 
(factor scores)

−0.29 1.29 −.03 .45*** .37**

5. VAST – R 
(item success rate)

0.77 0.13 .02 .21 .26* .09

*p < .05, **p < .01, ***p < .001.

10 B. BARBOT ET AL.



generate such productions in IVR settings. After dis-
cussing specific findings regarding the psychometric 
evaluation of this new assessment paradigm as well as 
some study limitations, we conclude by discussing 
directions for future studies and the broader importance 
and impact of this line of work for the field of creativity 
and virtual reality.

Psychometric evaluation

Structural validity and internal reliability
The measurement procedure proposed here appeared to 
yield satisfactory psychometric properties, in that the 
adequate fit of the tested unidimensional response mod-
els supported that the measurement of creativity was 
indeed unidimensional. In other words, when asking 
judges to rate for creativity, they appear to have all 
identified the same quality (Amabile, 1996). 
Correspondingly, model-based reliability estimates – 
as well as Cronbach’s α classically employed in CAT – 
indicated satisfactory reliability of creativity scores. Of 
note, the conditional reliability estimates for creativity 
(Figure 3) suggested that most productions could be 
rated with very high precision across raters; only those 
productions with extremely low levels of creativity were 
assessed with lower reliability. This finding may be due 
to the raters not being able to discriminate among low 
and lower creativity/aesthetic quality levels. We could 
speculate that this lower reliability at low levels could be 
related to some VIVA productions that may have been 
simply harder to understand, and thus harder to judge – 
a bit like judging the creativity and aesthetic quality of 
poems that are not comprehensible or are in a foreign 
language. The same goes for the aesthetic quality dimen-
sion captured here, revealing the same pattern of inter-
nal reliability across aesthetic quality levels, as well as 
support for its (unidimensional) structural validity. 
While the focus of the present work was mainly to 
combine the VIVA Task with the Consensual 
Assessment Technique as a new, IVR-based creativity 
assessment paradigm, the satisfactory psychometric 
properties observed across both creativity and aesthetic 
quality ratings suggest that the VIVA procedure may 
also be recommended for use as a measure of other IVR- 
based drawing skills (and possibly, other relevant 
criteria).

On related note, a brief comparison of Figures 2 and 
3 shows great similarities in the way judges rated the 2 
attributes (e.g., per previous illustration, judge#4 use of 
the response “2,” judge#5’s severity, are all consistent 
across attributes) suggesting that raters characteristics 
(severity, use of the response scale, discrimination) may 
be relatively stable across the drawing attributes being 

assessed. This observation of rating style consistency has 
not been heavily investigated as such in the CAT litera-
ture and deserves further investigation, considering 
both practical – e.g., could help facilitate model estima-
tion by applying common parameters across multiple 
rating sets/criteria – and substantive implications (i.e., 
generalizability of judges rating style).

For both VIVA drawings and storyboards, response 
models that allowed for raters to vary in discrimination 
fit the data significantly better than models that did not. 
This indicates that the raters significantly differed in 
discrimination (i.e., expertise) in the ratings regardless 
of the task (VIVA or storyboard) and regardless of the 
attribute judged in the VIVA task (creativity or aesthetic 
quality). Although the sample size is rather small and 
although this may be explained by a lack of training of 
the raters, this result suggests that one should not 
assume raters of creativity tasks to be equally discrimi-
nant (or, in the Classical Test Theory sense, tau- 
equivalent), when analyzing rating data, because this 
assumption is likely unrealistic. This is in line with 
recent research (Myszkowski & Storme, 2019b) that 
questions the use of Cronbach’s α and sum scoring – 
which assume tau-equivalence – in similar contexts. In 
item-response modeling, it also suggests to consider 
methods that generalize Rasch modeling by allowing 
for variable rater discrimination (i.e., using models like 
the Generalized Partial Credit Model, Graded Response 
Model or, in multiple item and rater contexts, 
a Generalized Many Facets Rasch Model).

Criterion validity
With respect to criterion validity, the pattern of correla-
tions observed between VIVA creativity scores and 
other tasks were consistent with theoretical expecta-
tions, indicating satisfactory criterion validity. Indeed, 
given the partly domain-specific nature of creativity, it 
was not expected to observe very strong correlations 
between creativity scores belonging to productions in 
different domains, or even, between distinct tasks across 
domains (Baer & Kaufman, 2005; Barbot, Besançon, & 
Lubart, 2016). However, Barbot (2020) reported 
a (latent, i.e., deattenuated) correlation of .44 between 
a drawing composition task, and a story writing task. 
Here, we too observed a moderate, but larger than usual 
(e.g., Avitia & Kaufman, 2014) association between 
creativity measured with the storyboard task and the 
VIVA task (r à :45; p< :001) supporting a good con-
vergent validity between these tasks, and consistent with 
Barbot (2020)’s findings using 2 paper-and-pencil pro-
duction tasks, in drawing and writing, respectively. The 
magnitude of this correlation is surely attributed to 
some domain-general components of creativity, 
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including effort and persistence – for which the story 
board task is very sensitive (Taylor & Barbot, 2021) – 
and which might further explain, to some extent, the 
unexpected association between storyboard creativity 
and VIVA aesthetic quality (r à :37; p< :001).

Relatedly, the correlation between Aesthetic Quality 
and Creativity in the VIVA Task was stronger than 
expected, suggesting that the creativity ratings collected 
in the task largely captured the aesthetic quality of the 
drawings. There are several sets of explanation for this 
finding. First, this large association is likely inflated by 
a common method bias, for the reason that the same 
judges have rated creativity and aesthetic quality. In 
CAT literature, it is not unusual to involve different 
raters for different qualities of the production, avoiding 
this common method bias inflation (Amabile, 1996). 
Second, it is possible that limited expertise among the 
raters for the task at hand might have contributed to 
confounded both criteria (Kaufman & Baer, 2012). 
Perhaps visual-art experts (either artists or teachers) 
would have been more discriminant in separating both 
criteria.

Helping to disentangle this pattern of association, it is 
to be noted that VIVA creativity was not significantly 
correlated with the measure of aesthetic ability (VAST – 
R), supporting the fact that both measures tap into 
distinct constructs. In contrast, the VIVA aesthetic qual-
ity was significantly and positively correlated with the 
VAST – R. Although secondary to the present investiga-
tion, this finding is consistent with previous empirical 
(Myszkowski, Storme, Zenasni, & Lubart, 2014) and 
theoretical accounts (Myszkowski & Zenasni, 2016; 
Myszkowski, Storme, & Zenasni, 2016), which suggest 
that visual aesthetic sensitivity is a useful predictor of 
creative abilities in the visual domain. This is also con-
sistent with findings (e.g., Kozbelt, Seidel, ElBassiouny, 
Mark, & Owen, 2010) indicating that visual artists tend 
to have higher visual abilities. In all, what is particularly 
striking with the present findings is that the IVR mod-
ality was new for all the participants, and 3D-painting 
experience surely different than any other visual art 
experiences they might have had in other contexts. 
Given that the resulting VIVA products were judged 
reliably and displayed evidence of validity, this suggests 
that people reasonably transfer their creative and aes-
thetic skills in the IVR modality.

Limitations

Overall, the present study represents a promising proof- 
of-concept and suggests meaningful directions, but it 
should be considered in light of several limitations. 
First, for the sake of simplification, we have offered 

a single VIVA task item, namely, the creation of an 
animal. Many other tasks of this nature could be 
derived, and it would be useful to gauge consistency of 
performance across items or alternate forms – 
a recurrent issue in creativity assessment, particularly 
for the study of creativity change and development (e.g, 
Barbot, 2019). Present evidences of consistency across 2 
domains suggest good hopes on that matter, but it will 
need to be established more formally. Second, although 
creativity and aesthetic quality might represent the 
“building blocks” of visual art creativity (Pelowski, 
Leder, & Tinio, 2017), many more aspects of creative 
production in IVR environments could have been 
accounted for. For instance, we could have considered 
many special features of the production (e.g., use of 
space, extent of 3-dimensionality of the production) 
taping perhaps on IVR-specific skills not necessarily 
involved in other visual-art tasks. Relatedly, it would 
have been interesting to involve judges directly in IVR- 
based rating sessions, that is, having the judges explore 
and evaluate the VIVA task productions within the 
“ecological environments” in which such works were 
generated (i.e., the tilt brush environment). Such proce-
dures would of course be more taxing for the raters and 
for the study’s logistics, but it could have served the 
purpose to cross-validate our mere evaluation of a 2D 
screenshot – losing much of the features of the original 
productions – with the in-situ ratings of productions as 
3D objects.5 Although it is established that IVR 
increases attention to details over 2D (Schöne, 
Sylvester, Radtke, & Gruber, 2020), creativity and design 
research regularly uses 2D representations of 3D objects 
for judgments of products (Wojtczuk & Bonnardel,  
2011).

The current findings regarding the psychometric 
properties of the VIVA’s scores (as well as the selected 
models) are somewhat limited by the sample size used in 
this study. Yet, evidences from various analytical 
approaches used in this study converge toward the 
same pattern of encouraging findings with regard to 
the structural validity, internal reliability, and criterion 
validity of the VIVA’s scores. Although this study 
remains an initial step toward the development of psy-
chometric paradigms for the measurement of creativity 
in IVR, this limitation requires further investigations. In 
particular, the generalizability of the findings derived 
from the IRT models should be further explored, as 
these models are heavily parameterized given the 
observed sample size in our study. Besides the fact that 
psychometric properties are attributes of the scores and 
not the tests themselves (i.e., psychometric properties 
are sample-specific), a researcher reusing our analytical 
approach may also obtain different psychometric 
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properties from using different judges or different pro-
ducts to judge. Therefore, we encourage the replication 
of our findings with different products and different 
judges in larger samples to establish the generalizability 
of the findings obtained in this study. Finally, this work 
would benefit from the assessment of more psycho-
metric properties such as delayed alternate form relia-
bility (essential for application in longitudinal studies; 
Barbot, 2019), discriminant validity with more dimen-
sions of the productions (e.g., technical quality), criter-
ion validity with more external measures (in particular, 
graphic tasks not implemented in IVR), or predictive 
validity of “real-life” creative behaviors.

Future directions

Despite limitations, this study offers initial evidences 
that may pave the way for an important new era of 
work focused on leveraging creativity in virtual envir-
onments. In a nutshell, the study has established that the 
proposed assessment paradigm works reasonably well 
for its intended purpose. Augmenting pioneering find-
ings (Ward & Sonneborn, 2011), it also shows that IVR 
users are able to “bring” their creative potential and 
technical skills in virtual reality settings. This conclusion 
is particularly important because, while we have essen-
tially focused on a “product” perspective of creativity, 
the IVR setting offers a formidable opportunity to 
extend this scope to other dimensions of creativity. 
Indeed, IVR technology is particularly suited to design 
and implement assessments that bridge together the 
“4-Ps” of creativity (Rhodes, 1961), simultaneously cap-
turing (1) individual differences (the Person), (2) track 
closely the stages involved in bringing to life the creative 
production (the Process), (3) dynamically manipulating 
environmental cues that can stimulate or inhere crea-
tivity (the Press), and (4) yield a digital output (i.e., the 
Product) which, as demonstrated here, can be further 
assessed using the classic CAT paradigm (Amabile,  
1996) and modern extensions (Myszkowski & Storme,  
2019a).

While these perspectives are only scratching the sur-
face of what IVR has to offer to the realm of creativity 
(assessment), the practical and societal impact of such 
application are tremendous. First, in the current context 
of worldwide pandemic, confinement and social isola-
tion, providing IVR-based solutions for assessment, 
education, treatment and rehabilitation focusing on 
creativity are ever more necessary. Assessment of crea-
tivity in IVR has proved feasible in the present study, 
and such IVR-based assessment could be applied on 
a large-scale across the world with consistent methods, 
prompts, and settings, making test-performance more 

comparable across individuals (Blascovich et al., 2002). 
This goal seems to be – with or without pandemic – 
a general direction in the field of assessment. 
Furthermore, it can be extended in a straightforward 
manner to other creativity assessment paradigms, 
including divergent thinking tasks (such as simulated 
Alternative Use Tasks) or block building production 
tasks in environements such as VRBox (Fröhlich, 
Alexandrovsky, Stabbert, Döring, & Malaka, 2018).

Ideally, measures of ability and educational achieve-
ment will incorporate these developments: illustrated by 
the 4P approach of creativity assessment in IVR out-
lined above, imagine how much more information we 
might glean from an IVR integrative assessment that 
replaces or supplements the classic SATs/ACTs tests. 
Further, this becomes a prime time to include creativity 
as part of such an assessment. Incorporating creativity 
into admissions assessments can offer many benefits. In 
addition to providing a fuller picture of the student and 
(at least indirectly) encouraging more creative instruc-
tion in the classroom because it is on the test (Beghetto, 
Kaufman, & Baer, 2014), it also can enhance diversity 
and equity in admissions because there are virtually no 
differences by culture or ethnicity on creativity tests, 
whereas such differences exist on ability/achievement 
test measures (Kaufman, 2010, 2015; Luria & 
Kaufman, 2017). In all, assessing creativity in IVR is 
only a first, but necessary step to increasingly engage 
people with creativity in digital realities. Only with such 
assessment will we be able to develop evidence-based 
and tailored programs that stimulate people’s creativity, 
and corresponding individual and societal benefits.

Notes

1. In contrast to the experimental setting, the preview 
featured only seating experience using the Oculus Rift.

2. The order of both alternate forms was counterbalanced.
3. Across all the ratings, there was only 1 missing rating 

(of aesthetic quality) for 1 product. This observation 
was skipped in investigations of model fit and 
reliability.

4. Rules of thumb and simulations in the SEM literature 
(e.g., Wolf et al., 2013) suggest that such simple models 
does not require more than 60 participants for a stable 
estimation.

5. As a matter of fact, tilt brush allows exporting room- 
scale creations in a range of formats (e.g., .fbx, .usd, . 
json) which could let raters evaluate these productions 
as 3D object whether in IVR or not.
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