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Abstract
To expand the tools available to arts researchers in psychology, we present the Open Gallery for Arts Research (OGAR), 
a free, open-source tool for studying visitor behavior within an online gallery environment. OGAR is highly extensible, 
allowing researchers to modify the environment to test different hypotheses, and it affords assessing a wide range of outcome 
variables. After describing the tool and its development, we present a proof-of-concept study that evaluates OGAR’s usability 
and performance and illustrates some ways that it can be used to study the psychology of virtual visits. With a sample of 
44 adults from an online participant panel who freely explored OGAR, we observed that OGAR had good usability based 
on high scores on the System Usability Scale and rare instances of self-reported nausea, among other usability markers. 
Furthermore, using position and viewing data provided by OGAR, we found that participants navigated the gallery and 
interacted with the artwork in predictable and coherent ways that resembled visitor behavior in real-world art museums. 
OGAR appears to be a promising tool for researchers and art professionals interested in how people navigate and experience 
virtual and real art spaces.
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What were once private collections guarded by the societal 
elite, symbols of wealth and status, and a means of distin-
guishing between the “cultured” few and the “uncultured” 
many, art museums are now cultural institutions that aim to 
serve the masses (Bennett, 2013). With stated mission state-
ments like the Metropolitan Museum of Art’s— “to collect, 
preserve, study, exhibit, and stimulate appreciation for and 
advance knowledge of works of art”—museums now empha-
size their roles as disseminators of knowledge and culture 
(Metropolitan Museum of Art mission statement, 2000). As 
part of this mission, the interdisciplinary study of the psy-
chology of museum experiences—grounded in the psychol-
ogy of the arts, visitor studies, and art education—seeks to 
understand how people experience, understand, and learn 
from their time spent in art museums (Tinio et al., 2015).

In the present research, we aim to expand the tools avail-
able to researchers in this growing scholarly field by devel-
oping the open gallery for arts research (OGAR). OGAR is 
a free, open-source tool for studying visitor behavior within 
an online gallery environment. It is highly extensible, allow-
ing researchers to modify the environment to test different 
hypotheses, and it affords assessing a wide range of outcome 
variables. After reviewing relevant literature and describing 
the tool and its development, we present a proof-of-concept 
study that evaluates OGAR’s usability and performance and 
illustrates some ways that it can be used to study the psy-
chology of virtual visits.

Psychological research in art museums

To keep up with patrons, museums need to house objects 
that are important not just to individuals but to groups of 
people. Further, they must be able to present those objects 
in a way that is meaningful to those groups. This has led to 
recent efforts to recast museums as more “user friendly” and 
to engage visitors in a more participatory way (Choi, 2013). 
Increasing emphasis is being placed on identifying who the 
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audience is, how they interact with individual objects or 
entire galleries, what information they take home with them, 
and what meaning they assign to their experiences (Brieber 
et al., 2015; Leder et al., 2012; Smith, 2014).

Traditionally, the psychology of art has worked to answer 
some of these questions through studies of individual art-
works in lab settings, which offer superior controllabil-
ity. However, the field recognizes that lab settings do not 
offer the proper context under which artworks are normally 
viewed. For example, participants who freely visited an 
exhibition in a museum viewed the artworks for longer 
and gave them higher subjective liking and interest ratings 
than participants who viewed the same exhibit in the lab 
(Brieber et al., 2014), and participants had greater affec-
tive appreciation for, and memory of artworks viewed in a 
museum context (Brieber et al., 2015). There are increas-
ing efforts to study the psychology of art and aesthetics in 
real-world, ecologically valid contexts such as museums, 
galleries, sculpture gardens, and street art sites (Mitschke 
et al., 2017; Pelowski et al., 2017; Specker et al., 2017). 
By and large, art museum research uses both recruited and 
natural visitors for participation. Participants are often given 
questions or task instructions before beginning their visit 
and asked to complete some questions or tasks during or 
after the visit. Researchers often use mobile eye tracking 
units (Garbutt et al., 2020; Santini et al., 2018), GPS devices 
(Estrada-Gonzalez et al., 2020), tablets (Cotter et al., 2021; 
Rodriguez et al., 2021) smart phones (Specker et al., 2020), 
or simply pens, paper, clipboards and stopwatches (Smith 
& Smith, 2001, 2006) to capture data during each partici-
pant’s visit. Data collection may be primarily interested in 
background measures and post-visit responses, or focused 
on eye gaze, viewing time, social behaviors, and movement 
path (Pelowski et al., 2014, 2017).

There are many strengths to this type of field research. 
Studying art viewing in museums provides richer context 
and therefore greater ecological validity than lab studies. 
In addition, the museum context lends itself to stronger 
aesthetic experiences with greater appreciation and engage-
ment with the artworks (Brieber et al., 2014). Researchers 
can examine relationships between individual artworks or 
the entire visit as a whole unit instead of individual works 
(Smith, 2014). One can also investigate the effects of spatial 
features like room size or wall color and intentional curato-
rial choices regarding theme, style, artwork placement, light-
ing, and accompanying text (Pelowski et al., 2017; Specker 
et al., 2020). Finally, social interactions with other visitors 
present in the gallery can necessarily only be studied in a 
social space (Pelowski et al., 2014).

Unfortunately, field research in museums also has its chal-
lenges. It is often as hard to take research into a museum 
as it is to bring in a bottle of water. Museum staff can be 
wary of outsiders, so trusting relationships and effective 

partnerships take time to build. Once researchers are in 
the building, willing participants can be difficult to attract. 
All told, most researchers who conduct field research in 
museums would agree that it is intensive in time, labor, and 
research personnel.

Another challenge involves manipulating field environ-
ments. Few curators will allow researchers to vary aspects of 
their exhibits (see Reitstätter et al., 2020, for a good exam-
ple). Other changes, like room size and wall color are simply 
impossible to alter for the sake of an experiment. And as 
recent experience shows, data collection may be limited or 
impossible in times of public health crises and other events 
that limit access to field sites.

Current virtual art gallery tools

Field studies in museums have many strengths yet pose sig-
nificant challenges for researchers. One way to balance the 
trade-off of realism and control is to use virtual gallery tools 
and simulations. While there’s nothing quite like being in a 
real museum, virtual gallery environments offer an opportu-
nity for a middle ground between the realism of a museum 
environment and the controlled-but-sterile environment of 
a research lab.

In recent years, many museums, galleries, and presenta-
tion venues have turned to virtual environments for a wide 
range of uses in addition to their traditional in-person spaces. 
For example, schools and educational environments may use 
virtual spaces to provide in-depth exploration and experi-
ence-based educational activities. Museums, galleries, and 
cultural sites may use them to reach people who are not able 
to visit otherwise or to showcase elements of their collection 
that are not often on physical display.

The emergence of virtual spaces as innovative and practi-
cal alternatives to traditional spaces has been further fueled 
by several factors. The explosion in virtual reality and grow-
ing interest in virtual media have both been big contributors 
to growing desire for virtual environment tools in business, 
starting as far back as the 1990s (Leston, 1996; Patel & Car-
dinali, 1994). The outbreak of the COVID-19 pandemic and 
resulting rise in social distancing measures aimed at closing 
access to public spaces has been another (Agostino et al., 
2020). Although there have been a wide range of implemen-
tations for virtual spaces, here we will review those used 
primarily for displaying and sharing artwork.

Perhaps the most well-known tool has been the Google 
Arts and Culture Project. First launched in 2011, Google 
Arts and Culture has since partnered with over 2000 major 
museums and cultural institutions around the world to create 
online simulations of entire museum spaces for free to both 
the partnering institution and online visitor (Google Arts and 
Culture Project, 2011; Proctor, 2011). Their process works 
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by using a trolley system to take thousands of pictures of a 
museum’s interior and digitally stitching them together to 
create a 3D environment. Then, using software developed 
for Google Street View, users can navigate the space using a 
process known as animated interpolation, whereby a person 
clicks on a point in the distance and undergoes a smooth 
(“animated”) viewpoint transition (“interpolation”) from one 
point in space to the other (Moghadam et al., 2020). This 
method is somewhat akin to teleportation, but the position 
change is not instantaneous; instead, avatars are slid along a 
line from point A to point B.

Another class of popular tools, two of the most popular 
of which are Artsteps and CAPTURE3D, allow a creator to 
personalize digitally rendered 3D spaces and share those 
either privately or publicly. These tools are useful because 
they allow the user to customize their own virtual spaces 
and upload their own images using intuitive graphic user 
interfaces and canned design features. They also allow addi-
tional features like over-screen informational pop-ups when 
artwork is hovered over or clicked on. Movement for these 
spaces also takes advantage of animated interpolation.

Finally, more intensive tools have been suggested, such 
as Ikei et al.’s (2013) virtual experience system for digital 
museums, which uses “a three-dimensional visual display, 
a spatial sound, a haptic/tactile display for a hand and foot, 
a wind and scent display, and a vestibular display” (p. 204) 
to create a multisensory theater aimed at use in interactive 
exhibits. This type of tool, however, has not achieved wide 
use.

Using virtual gallery simulations for basic and applied 
arts research has the potential to overcome many of the chal-
lenges associated with traditional museum research. With 
a little help from online survey platforms, researchers can 
easily access large, diverse online samples. Virtual spaces 
are also easily manipulated: several available options allow 
gallery designers to manipulate floorplans, wall and ceil-
ing colors and textures, and artwork size and placements. 
Finally, online data collection is safe during public health 
crises and accessible on most computers, bypassing difficul-
ties in transportation and access.

Unfortunately, there are also limitations with existing 
tools that constrain their capabilities for research use. First, 
the process used by Google and digital tools like Artstep and 
CAPTURE3D are too expensive to be practical for research 
use. Second, none of the currently available tools are exten-
sible, which prevents researchers from modifying applica-
tions to ask new questions. This severely limits their ability 
to collect and export research data for analysis of how the 
virtual visitors engage with the environment and artworks, 
such as how and where they move and what they view. 
Finally, systems using animated interpolation—although 
clearly preferred due to its ability to translate to mobile or 
touchscreen devices—are visually disjointed, which limits 

the ecological validity of virtual galleries when used as 
proxies for in-person experiences and tend to create motion 
sickness (Moghadam et al., 2020).

The Open Gallery for Arts Research (OGAR)

To provide a low-cost, versatile, and extensible tool for 
researchers interested in studying the unique characteristics 
of virtual art gallery spaces that are becoming increasingly 
common additions to traditional exhibits, or for those seek-
ing greater ecological validity than lab studies but greater 
control than traditional museum environments, we created 
OGAR, the Open Gallery for Arts Research. OGAR is best 
understood via a see-it-for-yourself approach, so a sample 
walk-through video is available for viewing at Open Science 
Framework (https:// osf. io/ cwumb/). OGAR is composed 
of two parts: The OGAR Client, which presents the gal-
lery to the user; and the OGAR Server, which receives and 
records activity information from instances of the Client. 
The OGAR Client runs individually on each participant’s 
computer, while the Server runs on an Internet-connected 
server. Our study integrated the OGAR Client in a page of a 
Qualtrics survey, but it can be used standalone, implemented 
in lab-based software, or integrated into most online survey 
providers.

User interface

From a user perspective, the gallery is experienced as a sim-
ple 3D space with a first-person viewing perspective. For 
this application, we chose to use keyboard-controlled smooth 
movement with mouse free-look. The user can change where 
they look by moving their mouse, and they can change their 
avatar’s location by holding the arrow or W, A, S, and D keys 
on their keyboard. This choice was informed by informal 
control and interface best practices that have gained popular-
ity in recent decades for applications and games using 3D 
first person perspectives (Laramee, 2002, as cited in Whitty 
et al., 2010). Users, via their avatars, move freely throughout 
the space within the walls of the researcher-designed gallery 
layout. Movement speed accelerates to a standard walking 
pace of 1.8 m/s, and artworks are sized to reflect the true 
size and proportions of those pieces in real life. Due to its 
wide usage in film and media and documented preference by 
the viewing public, aspect ratios are set at 16:9 (Nystrom & 
Fairchild, 1992). The gallery is set to visually refresh at the 
device’s screen refresh rate (typically 60 fps), and resolution 
is device dependent and varies by participant.

The user can see floor, ceiling, and walls that are colored 
and flat. In addition, predetermined artworks are clearly 
visible hanging on the walls of the gallery. The gallery’s 
features can be easily modified by the investigator with little 
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limitation. For example, researchers can vary the floorplans, 
the artworks and their placements, the colors of the floor, 
ceiling, and walls, the gallery lighting, movement controls, 
and environment physics. As the user interacts with the gal-
lery, their position and view are recorded.

System architecture

To collect participant data, Internet-connected infrastructure 
is required. Our study used two servers and Qualtrics. The 
OGAR Client was embedded into a Qualtrics survey using 
Qualtrics’s Add JavaScript feature on an otherwise empty 
question. This embedded JavaScript includes only the Cli-
ent program but does not include any gallery contents. First, 
the OGAR Client reads configuration in its environment to 
determine what it should present. In our study, it used Qual-
trics Embedded Data to determine which gallery plan should 
be presented. Next, the OGAR Client fetches the gallery 
definition, art images, and other resources from a static file 
server. This server operates as a typical HTTPS server and 
can serve the gallery contents publicly over the Internet. 
While these resources are being retrieved, the client displays 
a loading screen to the user. As a final preparation step, the 
Client connects to the OGAR Server and prepares to send 
interaction data. When these steps are complete, the OGAR 

Client displays the gallery to the user. As the user interacts 
with the Client, it sends position and view information data 
to the OGAR Server. In addition, other events—such as 
gaining and losing browser focus and full screen status—are 
sent to the Server as they occur. A diagram of OGAR system 
development can be seen in Fig. 1.

Technologies used

The OGAR Client is written in JavaScript and executed 
within participants’ web browsers. It uses the standard 
WebGL version 1 interface (Web Graphics library; Khronos 
Group, 2011), which is a web standard for the development 
of web browser compatible 3D graphics interfaces, to render 
the gallery to the user in an HTML canvas element (Moz-
illa., 2021). During use, the Client program opens a Web-
Socket to the OGAR Server and sends updates to record the 
user's actions. The Client also interacts with the Qualtrics 
JavaScript API for interacting with Qualtrics Embedded 
Data and controlling survey flow.

The OGAR Server is a Python3 script that uses the 
Python WebSockets library (Augustin, 2021) to receive con-
nections and data (in this case in-gallery user movements, 
view direction changes, and other application events) from 
the Client. The resulting data is recorded in a SQLite3 

Fig. 1  Diagram of OGAR system deployment. Note. Participants 
start by being assigned the study through Prolific (1). Next, partici-
pants are directed to Qualtrics, where they connect to the survey (2). 
The survey contains the OGAR client. The OGAR client connects 
via the Participant’s web browser to the static resource server hosted 
on AWS to retrieve its gallery definition and required art images (3). 
Finally, the OGAR client connects to the OGAR server to record the 

participant’s actions (4). In this diagram, “clouds” are service provid-
ers, “boxes” are semi-tangible architectural elements, and “ellipses” 
are general resources owned by the boxes. Solid lines represent own-
ership, and dotted lines represent the action of data being transferred 
to and from the participant’s web browser as they interact with the 
overall system

827



1 3

Behavior Research Methods (2023) 55:824–842

database (Hipp, 2021) where each client connection by a 
study participant has a random identifier, which allows rec-
onciliation and linking with Qualtrics study results. For this 
study, we executed the OGAR Server on a Debian 10 server 
running on an EC2 T3.Micro cloud instance from the cloud 
provider Amazon Web Services (AWS).

Gallery definition

The OGAR Client displays a gallery based on its gallery 
definition, which is created by the researcher according to 
their needs. These definitions are formatted as JSON Objects 
(ECMA-404, 2017). The definition format is minimal, but it 
is designed to be easily extensible as future studies require. 
In this study, two premade, static JSON files were used, but 
this JSON data could potentially have any source, such as 
existing architectural plans for real-life spaces, or could even 
be generated based on study data. For a gallery to be defined 
completely, several parameters must be outlined.

In terms of defining the room features of a virtual space in 
OGAR, the gallery designer must specify a “walls” list that 
determines the location of walls in the gallery. This list con-
tains sub-lists that stand in for chains of walls where the end 
point of one wall is the start of the next wall. Each wall chain 
is an even-numbered length list where every two numbers 
determine the Cartesian coordinates of the next wall point. 
All wall chains have a minimum length of four numbers (two 
(X,Y) pairs) to define a single wall. For example, a value of 
“walls”: [[0,0, 1,0, 1,1], [5,5, -5,5]] defines two wall chains. 
The first wall chain consists of two walls—one from (0,0) to 
(1,0) and the second from (1,0) to (1,1). The second chain 
consists of a single wall from (5,5) to (-5,5). The whitespace 
between coordinate pairs is optional within the constraints 
of the JSON format. The gallery designer must also set 
“wallHeight,” a numerical value that determines the height 
of walls in meters. A value of 3.05 was used in this study. 
Finally, a “texture” string must be included to describe the 
source location of an image which defines the colors of the 
walls, floor, and ceiling. This image will be retrieved from 
the static resource server. For the current study, this image 
consists of three pixels, one for each of the three colors, but 
it could be extended to instead have three repeated textures.

To place artworks or other stimuli within the virtual 
environment, the creator must specify an “art” object that 
contains uniquely named definitions for each artwork in the 
gallery. Each art definition is an object that must include a 
“size” list containing the dimensions of the art and a “tex-
ture” string that describes the location of the source image 
on the static resource server. For example, the Mona Lisa 
may be defined as “LV_MonaLisa”:{“size”:[0.53, 0.77], 
“texture”:”img/monalisa.jpg”}. The gallery designer must 
also define an “artPlacement” array of objects. Each object 
in the array describes the specific placement of an artwork 

within the gallery with the following parameters: an “art” 
string that references a member of the top-level “art” object, 
a “dir” value that indicates the orientation of the art around 
the vertical axis in degrees, and a “loc” coordinate array 
that provides the X and Y position of the artwork in the 
gallery. In addition, a “height” value must be specified that 
determines the height of the center of the artwork from the 
ground.

Finally, to facilitate the first-person experience of the gal-
lery, a “patron” object must be defined to set information 
related to the user’s avatar. This includes a “height” numeri-
cal value that determines the user’s eye height and a “start” 
coordinate pair list that sets the user’s initial location. For 
this study, we placed the user’s eye height at 1.65 m and 
specified their start location at [0,0] (the center of the room) 
within each gallery.

Data format and collection

WebSocket is capable of full-duplex communication, but in 
this application the communication is unidirectional, and no 
data is sent to the client from the server. Upon loading, the 
OGAR Client connects to the OGAR Server running at a 
preconfigured Internet address. Once a connection is estab-
lished, the Client sends introductory data. After that, the 
Client reports the avatar’s position within the gallery every 
200 ms and other events as they occur. To avoid inaccuracy 
stemming from variable network delays, or jitter, caused by 
congestion and other factors, every message is timestamped 
by the OGAR Client.

Data is recorded by the OGAR Server in a relational 
database, which has multiple tables connected by reference 
keys. The primary table, titled participant, contains all con-
nections made to the Server by Clients. Each connection is 
assigned a unique identifier, and Clients may also pass their 
own self-reported identifiers. In this study, Clients passed an 
ID generated by Qualtrics, and defined as Embedded Data, 
as a key for future relational joining with the Qualtrics sur-
vey results. This participant table also holds assorted other 
client information, such as connection and disconnection 
time.

Another table, position, records position data for each 
participant. Each entry in this table is a single position (and 
view direction), at a single time, for a single user’s avatar 
within the gallery.

Two other tables, event and error, record events and 
errors, respectively. The specifics of what is reported may 
significantly vary in future implementations, but in this 
study, we recorded events related to mouse-capture in the 
Client and the full-screen status of the Client. In addition, 
we created error reports for certain technical problems we 
thought might arise, but none of those checks triggered dur-
ing this study.

828



1 3

Behavior Research Methods (2023) 55:824–842

Data processing

The OGAR Server’s collected data goes through several 
clean-up steps to make it easily ingestible by statistical 
software. All these steps take place after data collection is 
finished.

In particular, OGAR reports unprocessed timestamps as 
either integer UNIX Epoch seconds alone (for errors and 
events) or in combination with integer milliseconds (for 
position data). These timestamps are converted into seconds 
as floating-point values with the time origin at the connec-
tion time for the associated Client. Periods when the partici-
pant was inactive (as determined by them exiting full screen 
and surrendering avatar control) were removed from these 
recomputed timestamps. This allows statistical software to 
operate purely on when the participant was active as a single 
contiguous chunk of time.

Another data processing task is view-determination. A 
custom utility program recreates the gallery for each posi-
tion table entry (i.e., at each timestamp) and records what 
the participant in that position was viewing. This calcula-
tion determines the first intersection of a ray originating at 
the avatar's eye and traveling in the direction of the center 
of their view. The resulting intersections are labeled wall, a 
specific named artwork, or nothing depending on what the 
participant is viewing.

Criteria for data elimination

The OGAR client may not function correctly on every par-
ticipant’s personal computer. Projects using remote samples 
(e.g., online survey panels) can usually enforce some soft-
ware or hardware restrictions as eligibility criteria, but many 
factors, such as software versions and background load, 
affect performance. Because of this, some participants will 
create data that should not be considered for analysis. As an 
example of selection criteria, for the current study partici-
pant data were excluded based on the following in-gallery 
behaviors, indications of abnormal loss of connection, and 
apparatus-specific signs of poor or malfunctioning browser 
performance:

• The participant never controlled their avatar with the 
keyboard. (The avatar’s position never changed within 
the gallery.)

• The participant never moved their mouse. (Their view 
direction never changed.)

• The maximum distance traveled between avatar posi-
tion updates was too low. (This is an indicator of poor 
performance, since position reporting occurs every 200 
ms regardless of load, but movement happens uniformly, 
which may be impacted by excessive load.)

• Events related to mouse-focus and full screen were not 
reported in rational patterns (e.g., if a client enters full 
screen, they should exit full screen before the client 
exits the gallery and continues with the Qualtrics sur-
vey). These conditions were likely related to uncommon 
browsers, behavior-altering browser extensions, or failed 
browser-mandated user-confirmation checks.

There is significant variability in the performance and 
functional characteristics of browsers on personal comput-
ers, so it is expected that at least a few participants would 
encounter poor or incorrect functioning, but these measures 
represent the minimum criteria needed for the gallery to pro-
vide a roughly equivalent experience between users.

Cost

In the spirit of accessibility to researchers with a wide range 
of backgrounds and resources, we designed for resources 
that are relatively accessible and affordable. As an exam-
ple, the complete OGAR System set up for use during this 
study used one AWS T3.Micro instance with 8GiB EBS 
storage for static resource serving and one for the OGAR 
Server (~$8/month each). Network bandwidth to and from 
these two servers was included in the free-tier of AWS, thus 
incurring no additional cost. In addition, we purchased two 
domain names and paid $0.99/each/year for 1.111B Class 
.XYZ domains, but domain name access varies and is pro-
vided by some institutions. All told, the entire OGAR Sys-
tem was implemented for less than $20 per month of data 
collection for the current study. Setting up an AWS server to 
run with Qualtrics and recruiting paid Prolific participants 
for participation in our study proved to be a cost- and time-
effective approach for our team, but OGAR can be set up to 
work in a variety of formats. For example, OGAR could be 
imbedded in a free online survey software instead of Qual-
trics, or given developmental changes, in lab-based software 
so that data collection could be done with student or com-
munity samples without online tools, and AWS, of course, 
could be exchanged with a number of other server set-ups.

Evaluating OGAR 

In the present research, we collected “proof of concept” 
data to assess the potential of OGAR as a tool for study-
ing visitors within a virtual art gallery. A sample of adults 
was recruited from an online research participant panel 
(Prolific.co), and the participants were allowed to freely 
explore the virtual gallery and view the artworks within 
it. We focused on the OGAR’s performance in two key 
areas: gallery usability and measurement validity. Gallery 
usability was evaluated using participant responses on the 
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System Usability Scale (SUS; Brooke, 1996), self-reported 
nausea, and open-ended reports on user experience imme-
diately after exiting OGAR. The usability data were col-
lected to inform the participants’ experience of navigating 
and interacting with the gallery and to discern how “user 
friendly” they found it.

Measurement validity was evaluated by manipulating 
aspects of the gallery and measuring behavior within it. 
We focused on some fundamental hypotheses that, while 
obvious and perhaps banal, would nevertheless have to be 
true for researchers to have any confidence in the validity 
of OGAR as a research tool. For validity data, we manipu-
lated the size of the gallery—one room or two rooms—
as a between-person variable. The two-room gallery had 
double the number of artworks and double the area, so 
the manipulation afforded testing some critical assump-
tions of successful use: (1) as the gallery space increases, 
participants will spend more time within it; and (2) as the 
gallery space increases, participants will travel a greater 
distance when navigating it.

Finally, for further evidence for the measurement valid-
ity of OGAR, we evaluated whether participants interacted 
with the artworks—that is, whether their time and move-
ment within the virtual gallery was guided by the artworks 
as opposed to random or listless movement. Participants’ 
positions in the gallery, movement trajectories, and view-
ing points were analyzed to discern how they traveled 
through the gallery, where they stopped, and what they 
viewed. Taken together, the usability data and the partici-
pants’ behavior within the gallery should shed light on the 
value of OGAR as a tool for research on virtual art spaces.

Method

Participants

The present study was approved by the University of North 
Carolina at Greensboro Institutional Review Board (Study 
#21-0311), and all participants provided informed con-
sent. A total of 61 adult participants were recruited from 
the Prolific.co survey panel and paid USD $4.00 for their 
participation. To be eligible, participants were required 
to be within the ages of 18 to 70, to be native speakers of 
English, and to have a minimum Prolific.co study approval 
rate of 90%. The study was advertised as “desktops only” 
within the Prolific system (i.e., tablets and smartphones 
were not permitted, but laptops were). After screening for 
inattentive responding, drop-out, and technology issues 
(described in detail later), the final sample consisted of 
44 participants—19 women, 25 men—who ranged in age 
from 19 to 60 (M age = 31.73).

Procedure

Prolific participants were redirected to a Qualtrics survey 
for the duration of this experiment. People were prompted to 
provide basic demographic information—their age, country 
of residence, and gender—before proceeding to the gallery. 
When the participant arrived at the specified “question,” a 
preview window of the gallery was shown that expanded 
into full screen when the user clicked on the window. At 
this point, full controls were enabled, and the participant 
could navigate the gallery using their keyboard to move car-
dinally to the view direction. The user could change their 
view direction by moving their mouse. Participants could 
peruse the space for as long as they wished. After partici-
pants completed their visit, they were able to release their 
controls, exit full screen mode, and return to the Qualtrics 
survey by pressing the Escape key. The remaining part of 
the survey involved a series of follow-up questions about 
their experience.

Artworks Sixteen artworks were selected for use in OGAR, 
based on prior approaches to artwork selection in similar 
studies (Belke et al., 2010; Leder et al., 2012). We procured 
high resolution images from the ARTSTOR digital library 
and public domain images from WikiArt. A full list of art-
works is available in the Appendix Table 4. Where pos-
sible, artwork choices reflect those directly used in Belke 
et al. (2010). However, due to high quality requirements 
of our application and licensing constraints, some images 
were replaced with similar works from the same artist or 
other works. As a rough guideline, we aimed for artwork 
images between 20 and 50 dpi to ensure high enough image 
resolution without excess strain on client image download 
speeds. Artworks were categorized as either representational 
or nonrepresentational, with equal numbers of each mixed 
throughout the gallery. The artwork was placed to mimic 
realistic curation in physical gallery spaces, using aesthetic 
design principles outlined in Adrian George’s The Curator’s 
Handbook (George, 2015).

Gallery manipulation Gallery area was manipulated 
between-person. Participants were randomly assigned to 
be placed in either a one-room or a two-room version of 
OGAR. The two-room version appended the additional 
room directly adjacent to the first room, accessible by an 
open doorway. The one-room manipulation was enclosed 
by four walls. Rooms were identical dimensions (10 × 10 
m), with the first room of both versions containing the same 
eight artwork placements and the second room of the two-
room version containing an additional eight artworks. Total 
gallery area and number of artworks were doubled, so that 
artwork placement in the first room is consistent (with the 
exception of slightly wider placement between two artworks 
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to accommodate the doorway in the two-room version) for 
both conditions, and comparisons concerning number of 
artworks and distances are facile.

Measures and outcomes

Browser data Qualtrics was set to capture each participant’s 
browser type, browser version, operating system, screen res-
olution and user agent. This information was used to inves-
tigate poor gallery performance in specific cases, so that the 
system can be improved in later study iterations.

Gallery data The gallery receiver server collects time-based 
position and gaze data for each participant every 200 ms. 
Location is recorded in X and Y coordinates with one unit 
corresponding to one meter of distance in the gallery. Gaze 
data consists of yaw and pitch and is defined in terms of 
radians.

User feedback Usability for OGAR was qualitatively 
assessed via user feedback from the SUS, as well as a few 
additional questions specific to the gallery, a directed-
response item to flag inattentive responding (Maniaci & 
Rogge, 2014), and an open-ended prompt for additional 
comments (see Table 1). Since its initial publication, the 
SUS has been widely used in human-computer interac-
tions research and product evaluation for computer systems 
(Lewis, 2018). The SUS assesses perceived usability through 
a 10-item questionnaire with response options scaled from 1 
(strongly disagree) to 5 (strongly agree; Brooke, 1996), and 
it is designed to be implemented following task-based usa-
bility testing. Items are all first-person statements about per-
sonal user experience, like “I thought the system was easy 
to use” and “I found the system unnecessarily complex.” In 

the present study, the word “system” was replaced with the 
more specific descriptor “virtual gallery” in line with word-
ing recommendations put forth by Lewis and Sauro (2009).

To create an overall score from the 10-item SUS, all 
participant responses are shifted so that the lowest possible 
score for each item is 0 and the highest possible score is 4. 
Then, even-numbered items are summed and odd items are 
each subtracted from the sum of the positive scores. The 
resulting total is multiplied by 2.5, which converts the range 
of possible values from 0 to 100. A score of 80 is commonly 
used as a threshold for good system usability (Lewis, 2018). 
Internal consistency measures for the SUS range from α = 
.83 to α = .97, with most studies placing it at about α = .90 
(Lewis, 2018).

In addition, the two questions explicitly about navigation 
and art viewing in the gallery were presented with the SUS 
but treated as separate, individual items during analysis (see 
Table 1). Participants were also asked what type of input 
device they used in the gallery (possible responses included 
mouse, touchpad, touchscreen, trackpoint, or other), and to 
report feelings of nausea, they responded, using a 1 (No, not 
at all) to 7 (Yes, very strongly) scale, to “Did you feel motion 
sick, dizzy, or nauseous from the virtual gallery?”. Finally, 
participants were invited to leave open-ended feedback or 
comments regarding their experience.

Results

Data processing and reduction

Data processing and statistical analyses were conducted in 
R 4.1 (R Core Team, 2021). Out of the 61 participants who 

Table 1  Usability questions

Items were scored on a 5-point scale (1 = strongly disagree, 5 = strongly agree). The items were presented in a random order

System Usability Scale (SUS): 10 Items
  1. I think that I would like to use this virtual gallery frequently.
  2. I found the virtual gallery unnecessarily complex.
  3. I thought the virtual gallery was easy to use.
  4. I think that I would need the support of a technical person to be able to use this virtual gallery.
  5. I found the various functions in this virtual gallery were well integrated.
  6. I thought there was too much inconsistency in this virtual gallery.
  7. I would imagine that most people would learn to use this virtual gallery very quickly.
  8. I found the virtual gallery very awkward to use.
  9. I felt very confident using the virtual gallery.
  10. I needed to learn a lot of things before I could get going with this virtual gallery.

Additional Study-Specific Items
  I was able to clearly view all the artworks present in this virtual gallery.
  I was able to easily navigate through this virtual gallery.
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began the study, 4 participants dropped out mid-study and 
didn’t complete the entire Qualtrics survey, and their data 
were excluded from analysis. Participants were also excluded 
if they failed a directed response item embedded in the gal-
lery usability survey (n = 3 excluded for this reason). These 
eliminations left 54 participants who were then processed 
for gallery performance quality. After careless in-gallery 
behaviors, indications of abnormal loss of connection, and 
poor browser performance were assessed, we were left with 
a final sample of 44 participants from ten different countries. 
The ten participants who were dropped during processing for 
performance quality can be broken down further: one person 
experienced total gallery failure with no known cause; one 
person was dropped for being unable to control their gaze 
due to using a nonstandard input device instead of a mouse 
(this participant clicked “other” when asked about their input 
device and had no recorded movements in their gaze data); 
and eight people were eliminated for slow movement speed 
(there are various reasons, from browser-specific issues, to 
high nausea, why this may have occurred).

Once data processing was complete, analysis was con-
ducted using the R packages psych (Revelle, 2021), reghe-
lper (Hughes, 2021), and parameters (Lüdecke et al., 2020). 
Gender responses were coded as binary (female = 1, male = 
0). In addition, mouse input devices were recoded as binary 
(mouse = 1, all other input devices = 0) to better reflect 
our choice to design the gallery explicitly for mouse usage. 
Nausea, SUS scores, maximum movement speed, total visit 
and artwork viewing times, and distance traveled within 
OGAR were explored in the Pearson’s r effect size metric, 
using guidelines of .10/.30/.50 to represent small, medium, 

and large effect sizes respectively (Cumming, 2012). For 
categorical participant factors like gender and whether they 
were using a mouse as their input device, we used Cohen’s 
d, which can be interpreted in terms of small, medium, 
and large effects using .20/.50/.80 as common benchmarks 
(Cumming, 2012).

Usability

We started by evaluating OGAR’s usability through feed-
back on the SUS and accompanying measures. The SUS had 
high internal consistency reliability (Cronbach’s α = 0.89) 
that was in line with previous work using the scale (Lewis & 
Sauro, 2009). On average, participants gave OGAR a good 
SUS rating (Mdn = 87.50 out of 100, M = 82.90, SD = 
14.64, range from 37.50 to 100). Both the median and mean 
were higher than the common benchmark score of 80 used 
to mark good system usability (Lewis, 2018).

To provide a more granular view of participants’ usability 
experience, Fig. 2 displays a ridgeline plot of the ratings for 
all 10 SUS items (on their original 1–5 response scale used 
by the participants). The item-level distributions show that, 
for seven of the ten items, the modal rating reflected the 
highest usability option.

To supplement the classic SUS questions, we asked 
participants whether they were able to clearly view the art-
works present in the gallery (Mdn = 5.00, M = 4.57, SD = 
.79) and easily navigate through the virtual gallery (Mdn = 
5.00, M = 4.55, SD = .76). The high scores at the ceiling of 
the response scale suggest good usability for these specific 
aspects of the gallery.

Fig. 2  SUS item score distributions. Note. The figure displays the scores in their original 1–5 response scale (i.e., prior to reverse-scoring and 
rescaling)
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Usability ratings were high on average but exploring vari-
ability in usability ratings can give insight into likely predic-
tors of usability experiences. One particularly interesting 
factor is the experience of nausea. As Fig. 3 shows, nausea 
ratings were very low, and notable nausea occurred in only a 
small portion of our sample (only four participants provided 
nausea ratings of four or greater out of 7; M = 1.36, SD = 
.97). Ratings of nausea had a modest correlation with SUS 
scores (r = – .23 [– .49, .07], p = .136), reflecting lower 
usability ratings as nausea increased. We suspected that poor 
gallery functioning may have contributed to the nausea expe-
rienced by some participants, so we examined whether there 
was a correlation between nausea and maximum movement 
speed as a proxy of overall gallery functioning; no such rela-
tionship was found (r = .09 [– .21, .38], p = .559).

Because OGAR was designed for use with a mouse in 
mind but data collection for the current study depended on 
the personal equipment of our online participant pool, the 
relationship between input device and usability is important 
to consider. Participants who used a traditional mouse in lieu 
of other alternatives gave non-significantly higher overall 
SUS ratings than those who did not (d = .24 [– .40, .86]). 
The SUS items regarding desire to use the virtual gallery 
(d = .61 [– .06, 1.26]), finding the gallery unnecessarily 
complex (d = – .40 [– 1.03, .25]), feeling confident using 
the virtual gallery (d = .37 [– .27, 1.00]), and needing to 
learn a lot of things before getting going with the gallery (d 
= .52 [– .14, 1.17]) conveyed relatively stronger effect sizes 
for mouse usage.

These average scores on the SUS and additional usabil-
ity questions represent the bulk of user experiences. Most 
user feedback was positive—something that is reflected in 
open ended feedback. Many participants wrote that they 
enjoyed their experience, “nearly felt like [they] were there,” 
and that OGAR was “the easiest [virtual space] to use that 
[they’ve] encountered so far.” Some participants also pro-
vided commentary about their subjective experiences with 
the artworks: “It was great to see some abstract paintings and 
some of them were really made me think a lot.” Collecting 
open-ended feedback from our participants also allowed us 
to hear any specific problems they encountered and additions 
or changes to the gallery that they would be interested in 
seeing in the future. For example, one participant’s comment 
that “the art closer to the right of the screen were harder to 
see and navigate to” within the square gallery condition may 
imply that the artwork on the right wall, relative to the start-
ing location, may have been too small for adequate viewing 
on smaller screens by a diverse audience. We also learned 
that some participants would prefer navigation and exiting 
instructions available after entering full-screen mode, or that 
other participants are interested in the ability for in-gallery 
behaviors that mimic videogames (e.g., a sprint mode) or 
other applications they often use. All comments can be 
viewed on OSF (https:// osf. io/ f9e8d/).

Behavior in the virtual gallery

Following our second aim—appraising the validity of 
OGAR as a research tool—the position and gaze data col-
lected within OGAR allowed us to identify whether pat-
terns in participant behavior align with expected behavior 
in physical spaces. Linear regression models were used to 
examine predictors of participant behavior; the reported 
effects are standardized (β). For comparisons using categori-
cal predictor variables, such as room condition (one room 
= 1, two rooms = 2) and mouse use (did not use mouse = 
0, used mouse = 1), and continuous outcomes, we reported 
Y-standardized regression coefficients, noted as βY, in which 
only the outcome variable is standardized (Long, 1997, chap. 
2). The coefficients of these regressions are equivalent to 
Cohen’s d effect sizes or the difference, in SD units, in the 
outcome between both groups (Long, 1997). Descriptive 
statistics for each room condition can be found in Table 2.

Visit duration On average, people spent about 76 s in the 
one-room condition and 174 s in the two-room virtual gal-
lery (see Table 2). Thus, in line with our core hypotheses 
about validity, time spent in OGAR was significantly greater 
for the two-room gallery condition than the one-room con-
dition (βY = .67 [.08, 1.25], p = .026). Time spent in the 
gallery was not significantly related to nausea severity (β = 
.11 [– .20, .42], p = .465) or to SUS scores (β = .06 [– .26, 

Fig. 3  Distribution of nausea ratings. Note. The figure displays par-
ticipant ratings for the item “Did you feel motion sick, dizzy, or nau-
seous from the virtual gallery?” on a scale from 1 (No, not at all) to 7 
(Yes, very strongly)
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.37], p = .719). People who used a mouse spent slightly less 
time in the gallery, but not significantly so (βY = – .33 [– .97, 
.32], p = .311). In sum, visit length was greater when OGAR 
presented more rooms, and comfort and usability had non-
significant relationships with the time that people chose to 
spend in the gallery.

Distance traveled What factors affected the distance people 
traveled within the gallery? As expected, participants trave-
led further in the two-room condition than in the one-room 
condition (βY = 1.30 [.83, 1.77], p < .001), supporting one 
of our core hypotheses about validity. In addition, people 
who spent more time in OGAR traveled a further distance 
within the gallery (β = .69 [.46, .92], p < .001). Finally, 
total distance traveled within the gallery was only weakly 
and non-significantly related to nausea level (β = .15 [– .15, 
.46], p = .320), overall SUS score (β = – .09 [– .40, .22], p 
= .540), or mouse use (βY = .14 [– .51, .79], p = .661).

Engagement with the artworks Our third aspect of valid-
ity—whether people actually approached and engaged with 
the artworks—was examined descriptively using heatmaps 
overlaid with regions of interest relevant to each artwork. 
Heatmap density was calculated via time-stamped X and Y 
position data for each participant as they explored the gal-
lery and was weighted evenly for each participant. This 
ensures that every participant contributed evenly to the heat 
map density. In addition, density at the starting location for 
entering the gallery was omitted to prevent any visible heat 
spiking that is irrelevant to deliberate participant movement. 
Finally, the heatmap underwent histogram equalization to 
optimize the global contrast of our data and enhance the 
level of visible detail in our mapping. Regions of interest 
were defined by partitioning the floorspace of the gallery 
into Voronoi cells that comprise a larger diagram (Voronoï, 
1908). Each cell represents the region of the gallery that is 
closer to the center of that cell’s artwork than to any other. 
Once the Voronoi diagram is overlaid on the heatmap, any 
intense clusters of participant movement should be visible 
within a specifiable artwork region. Note that this explora-
tory data visualization method does not yield any inferential 

statistical tests, but because it is data-driven, it is robust and 
fully reproducible.

Figure 4 illustrates the resulting heatmap with overlaid 
Voronoi regions. Artworks (to scale) with black points at the 
center of each image are placed on the walls for reference. 
Areas of red are the “hottest,” representing places where the 
participants spent the most time. Areas of the highest density 
have additionally been outlined in black for visual clarity.

The diagrams for both room conditions clearly reveal “hot 
spots” clustered in front of the artwork’s center that are most 
often within the Voronoi region defined by each artwork’s 
location. This indicates that participants’ movement within 
the gallery is purposeful and consistently guided by the art-
works, as it ought to be. Additional Voronoi regions with 
sporadic hot spots can be seen surrounding the center of each 
room and can be thought of as highly trafficked movement 
areas or common pathways around the gallery as opposed 
to destinations of interest.

Illustrating some options and opportunities 
for researchers

As noted in the Introduction, several available virtual gallery 
programs have different useful characteristics but have not 
been coalesced into a tool ideal for research use. Extending 
our discussion of OGAR past its usability and basic features 
seems helpful to show what researchers can do with the vir-
tual gallery. These remaining findings are intended to dem-
onstrate some functionality that might spark ideas and give 
food for thought for researchers interested in using OGAR.

Viewing time Viewing time—how long people spend look-
ing at an artwork—is a major outcome in art and aesthetics 
research (Carbon, 2017; Pelowski et al., 2017). Studies of 
free-viewing behavior in museums commonly show that vis-
itors spend much less time viewing an image on a wall than 
many would think—often between 8 and 20 s (Reitstätter 
et al., 2020; Smith et al., 2017; Smith & Smith, 2001)—in 
light of how impactful people later describe the experience 
(Smith, 2014).

Viewing time is easy to obtain from OGAR. Since every 
movement and gaze that the participant completes within 
OGAR is recorded, we can take advantage of existing gallery 
infrastructure to automatically code what artwork a partici-
pant is examining at any given point in their visit in a low-
level viewing analysis. To do this, we created a parallel pro-
gram for view determination that operates on a viewpoint, 
defined by the set eye height and avatar location within the 
gallery, and gallery definition (see Fig. 5). To figure out what 
a ray extending from that viewpoint would hit first (i.e., what 
a person is “viewing”), every artwork and wall segment are 
turned into two triangles each, forming a rectangle. Then, a 

Table 2  Descriptive statistics for each room condition

Participants were randomly assigned to the one room (n = 19 [nine 
women, ten men]) or the two room (n = 25 [ten women, 15 men]) 
condition

One Room Two Room

M (SD) Mdn M (SD) Mdn

Visit duration (s) 76.32 (55.44) 63 174.16 (178.23) 116
Distance traveled (m) 35.79 (23.05) 36.43 102.48 (48.23) 88.62
SUS total score 83.29 (16.63) 90 82.60 (13.28) 87.50
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Möller–Trumbore intersection (Möller & Trumbore, 1997) 
is applied between every triangle and a line defined by the 
viewpoint. The shortest distance intersection is kept as the 
view target. If no triangle intersects, the view determination 
is “None.” View behavior can be coded as a binary yes (1) or 
no (0) for viewing artwork or categorically assigned with the 
corresponding artwork, given that participants are viewing 
an artwork at a given timestamp.

As an example, Table 3 lists the average viewing times 
for each artwork in the two-room version of the OGAR gal-
lery used in the current study. (We focus on the two-room 
condition because it has the largest number of artworks.) 
Overall, gallery visitors in this condition viewed an artwork 
for a mean of 5.92 (SD = 2.40) s, which falls on the lower 
end relative to research on artwork viewing time in real-life 
museum environments. More broadly, people in the two-
room condition spent a little over half their time looking at 

artworks (M = 94.74 s) as opposed to other features of the 
space (i.e., walls, or nothing; M = 80.64 s).

Viewing distance Another common measure of interest to 
museum researchers is viewing distance: how far away, in 
meters, visitors stand from a work when viewing it (e.g., 
Carbon, 2017; Clarke et al., 1984; Estrada-Gonzalez et al., 
2020). Perhaps unsurprisingly, research conducted in uncon-
strained field settings commonly finds that viewing distance 
increases as the artwork size increases. In OGAR, viewing 
distance in meters can be measured by taking the coordinate 
location of each avatar at each timestamp that a participant is 
viewing an artwork and calculating the distance between the 
location coordinate and the artwork coordinate. Then, view-
ing distance measurements can be averaged for each par-
ticipant and the entire sample for each artwork present (see 
Table 3). To draw once again from the two-room condition 

Fig. 4  Heatmaps of one-room and two-room conditions with Voronoi 
region overlays. Note. The area marked VOID on Fig. 4b represents 
the doorway between rooms in the two-room condition. No hall-

way or area exists at this designation—it’s a result of the converging 
bird’s-eye viewpoints
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of the present study for an example, participants viewed art-
works at an average of 2.04 m (SD = 1.26), although view-
ing distance varied considerably by artwork (range 0.71 to 
5.81 meters).

This picture-to-picture variation in viewing distance, it 
turns out, is a function of image size. In the virtual gal-
lery, viewing distance was strongly correlated with artwork 
area (r = .90 [.73, .96], p < .001). As Fig. 6 depicts, people 
viewed larger artworks from farther away and smaller art-
works from close up, just as visitors typically do in real-
world galleries (Carbon, 2017; Estrada-Gonzalez et al., 
2020).

Navigation and movement trajectories In addition to view-
ing behaviors, participant navigation is a common outcome 
in field studies of museum visits (Tinio & Specker, 2020; 
Tröndle, 2014): the paths people take as they move through 
a gallery is interesting in its own right but also practical 
knowledge for curators and museum professionals. Within 
OGAR, researchers can similarly explore how people navi-
gate and interact with virtual gallery spaces. Using the par-
ticipants’ coordinates across time, researchers can identify 
the temporal qualities of movement in the virtual gallery.

For example, Fig. 7 displays the movement trajectories 
of three representative participants who were randomly 
assigned to the two-room condition (top three panels) as 
well as a combined overlay (bottom panel). Although all 
participants started at the same position, they took different 
routes through the gallery, explored different rooms first, 
covered varying amounts of ground, exited the gallery at 
different spots, and showed differences in trajectory features 
like the straightness of their path. Researchers interested in 
movement and trajectory analysis could find the data pro-
vided by OGAR fertile.

Going beyond a static snapshot of a participant’s move-
ment, we can animate the path a person takes around the 
gallery. This provides in-depth temporal information for a 
single person and is an intuitive, holistic way of presenting 
dense position and viewing data. As an example, Fig. 8 links 
to an animated video of a single participant’s time spent in 
the virtual gallery. The red line traces their movement; the 
small green line indicates their gaze direction.

Fig. 5  Multiview representation of view determination. Note. Three 
views of an illustrative scene involving a user avatar (stick figure) 
viewing an artwork (red). The dotted line emanating from the avatar’s 
head indicates the direction that the user is looking in the gallery. In 
this scene, the ray drafted from the avatar’s head is tested for inter-
sections against triangles that compose the walls and artworks. The 
center of the view ray intersects with the upper-right triangle com-
posing the red artwork. Therefore, this hypothetical user, at this point 
in time, is determined to be viewing the red artwork. Panels A and 
B show this interaction from two third-person perspectives. Panel C 
represents the projection of this scene as a “bird’s eye view,” which 
makes the intersection with the artwork more readily apparent

▸
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Discussion

In the present research, we developed and evaluated the 
Open Gallery for Arts Research, or OGAR, as a tool for 
exploring the psychology of virtual gallery encounters. In 
contrast to the current landscape of offerings, OGAR is an 

Table 3  Viewing behaviors for the two-room condition

Details about the artworks are in the Appendix Table  4. View-
ing times are reported in seconds; viewing distances are reported in 
meters. Untitled works are followed by artist initials in italics for ease 
of identification

Viewing time (s) Viewing 
distance (m)

M Mdn M Mdn

Non-Art Gallery Elements
  Viewing Nothing 11.46 5.60 NA NA
  Viewing Wall 69.18 47.60 NA NA

Art Images
  Lita Curtain Star 5.89 3.60 3.17 2.44
  Woman with a Fan 5.04 3.20 1.55 1.14
  Water Lilies 5.07 2.00 1.21 0.97
  Untitled (Green and Red; FR) 5.62 2.80 2.73 2.17
  Terrano X 12.70 4.40 1.57 1.29
  Starry Night 6.10 1.40 1.13 0.88
  Broadway Boogie Woogie 4.33 3.40 2.81 1.82
  Painting Number 2 9.66 5.00 5.81 3.11
  Untitled (WK) 5.61 2.60 2.41 1.89
  Solitary Tree 6.90 3.40 0.98 0.71
  Untitled (PK) 4.38 1.40 1.56 1.37
  Eyes in the Heat 6.73 3.60 2.18 1.54
  Reclining Girl 4.22 2.80 1.05 0.98
  Untitled (MR) 4.27 2.40 2.64 2.35
  The Silver Goblet 5.86 2.00 1.14 0.67
  Hare 2.36 0.40 0.71 0.49

Fig. 6  Relationship between artwork size and viewing distance

Fig. 7  Individual navigation trajectories for three participants in the 
two-room gallery (top three panels) and the overlaid patterns (bottom 
panel)
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affordable, flexible, and extensible open-source tool for cre-
ating virtual art gallery spaces and measuring participants’ 
behaviors within it. A proof-of-concept study was conducted 
to assess the usability and performance of OGAR in an 
online sample of adults.

First, the usability of OGAR appears to be strong based 
on results from the SUS, additional gallery-specific usabil-
ity questions, nausea ratings, and open-ended feedback. 
Average SUS ratings were high (Mdn = 87.50 out of 100), 
beyond the threshold of 80 commonly used to indicate good 
system usability (Lewis, 2018). Variance in SUS scores were 
related in coherent ways to other factors. The small portion 
of the sample with elevated nausea ratings gave lower SUS 
ratings, and using an input device other than a mouse, the 
system’s optimal input, was likewise associated with lower 
SUS ratings.

Second, the behavior of participants within the virtual 
gallery was coherent and predictable, resembling what 
researchers observe in participants navigating real-world 
gallery spaces. Using the position and gaze data collected 
within OGAR, we were able to support the view that our 
online participants were interacting with the virtual gallery 
in the ways that researchers in the psychology of museum 
experiences would expect. People who were randomly 
assigned to a gallery that was twice as large and contained 
twice as many artworks, for instance, spent a much longer 
amount of time in the virtual gallery and traveled a much 
greater distance. While not shocking, such findings show 
that participants were interacting with the gallery as one 
would expect. In addition, as evidence that participants used 
the gallery to view the artworks, heatmaps of the gallery 
floorplan partitioned into Voronoi regions for each artwork 

clearly show high densities of participant movement clus-
tered in front of each artwork along with commonly traf-
ficked paths between artworks. These key findings suggest 
that the OGAR system produces basic participant behavior 
that is psychologically coherent and similar to gallery behav-
ior in traditional in-person settings (Tinio et al., 2015).

Finally, we sought to illustrate how OGAR can be 
applied and extended for future research use. We showed 
how a participant’s movement trajectory through the gallery 
can be identified and visualized, which could be useful for 
researchers interested in how environmental and curatorial 
factors influence how people move through gallery spaces 
(Bourdeau & Chebat, 2001; Tröndle, 2014). In addition, we 
showed how viewing data can be used to obtain measure-
ments of viewing time and viewing distance, two outcomes 
of long-standing interest to researchers studying how people 
view art in museums (Carbon, 2017; Estrada-Gonzalez et al., 
2020).

Extensions and options

OGAR is a versatile tool that affords a wide range of oppor-
tunities. Researchers can extend OGAR or alter its con-
figuration to fit their specific needs by varying any of the 
following:

• Gallery layout (i.e., size and configuration of gallery 
walls)

• Artworks (i.e., image choices, sizes, placement)
• Aesthetics (i.e., floor, ceiling, and wall colors)
• Avatar characteristics (eye height, acceleration, maxi-

mum speed).

Fig. 8  An animation of a single participant’s time spent in the virtual gallery. Note. The image links to a video stored on Open Science Frame-
work (https:// osf. io/ 63rsz/). The red line indicates movement; the small green line indicates gaze direction. The animation is played at 3x speed
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In addition, OGAR’s licensing allows researchers to make 
more extensive changes to OGAR’s software if they wish. 
Doing so opens the possibility for additional features like 
audio, in-gallery pop ups, randomization features, or any 
number of add-ons that a researcher may desire for their 
work. Changes and additions to the OGAR software can be 
shared with GitHub pull requests. Updates to OGAR and 
further details are available on GitHub at https:// github. com/ 
mboer winkle/ OGAR .

Behaviors such as artwork viewing time and viewing dis-
tance can be recreated using avatar height, gallery layout 
specifications, and participant movements collected during 
data collection. These measurements can then be analyzed 
in relation to researcher-set design features of the gallery 
like artwork choice, curation, or layout of the virtual space. 
They can also be examined alongside additional surveys or 
other measurement tools that can easily accompany OGAR 
in platforms like Qualtrics. This particularly opens up the 
possibility of deeper examination of subjective experiences 
as opposed to the behavioral measures focused on in the 
current paper. Further, data can be animated to show naviga-
tion trajectories in OGAR that can be analyzed qualitatively, 
examined in terms of artwork regions defined by Voronoi 
cells, or simply examined between participants. Also of 
interest, OGAR output may serve as a suitable proxy for 
mobile eye tracking. Although bounded by the edges of a 
monitor, unconstrained position and gaze movement within 
the environment allow participants a high degree of visual 
exploration during their visit.

Some practical issues

A common problem with many virtual environments, video-
games, simulations, or other applications using a first-person 
viewpoint in 3D environments is visually-induced motion 
sickness (Kennedy et al., 2000; Keshavarz & Hecht, 2012; 
Stoffregen et al., 2008). To guard against nausea or motion-
sickness-prone participants in the present study, we provided 
brief warnings in the study’s Prolific recruitment ad and 
consent form. In addition, we asked people to exit the vir-
tual space should they feel dizzy, nauseous, or motion sick 
during participation. Nausea ratings were quite low in our 
study, but because these represent the scores of only those 
people who completed the study to that point and not those 
who dropped out or who declined to take part due to likely 
nausea, our data probably underestimates the base rates of 
nausea experiences in OGAR. We recommend including 
warnings about motion sickness during participant screening 
as well as measuring ratings of nausea experienced during 
participation, which are useful for analyses of participant 
behavior and for possible exclusions. Further, because some 
motion sickness is inevitable for studies employing virtual 

galleries and similar tools, these precautions are important 
for both ethical treatment of participants and overall data 
quality.

As with all online tools, the OGAR Client has issues to 
be addressed related to compatibility between different par-
ticipants’ computer environments. Incompatibility can occur 
for many reasons, but non-standard web browsers (e.g., 
outdated, poorly configured, or simply non-compliant) are 
a major source. In addition, old, underpowered, or other-
wise overloaded computer systems can contribute to poor 
behavior, as with any system that relies on real-time input. 
Although it is desirable for all participants in online studies 
to have similar experiences, in practice there is no way to 
ensure a perfectly identical experience for everyone when 
research is conducted on personal machines. As such, the 
best a team of researchers can do is to carefully weigh the 
values of control and flexibility for a particular aim. For this 
study, we chose to control hardware and software by dictat-
ing that participants must use a desktop or laptop computer 
with a non-Safari browser. We did not, however, mandate 
any more stringent hardware requirements like amount 
of RAM needed, screen resolution, or graphics processor 
attributes, or require that participants download or have 
access to specialized software. These initial specifications 
simply sought to eliminate clearly incompatible participants.

After data collection was complete, a second line of 
standards was used to determine what level of performance 
would be considered acceptable. Thresholds for performance 
based on mouse movements, maximum speed, and event 
reporting were established to eliminate some participants 
post data collection. Again, although some level of perfor-
mance is required for useful data collection, it is not neces-
sary to eliminate every participant who possibly was on the 
edge of compatibility, and the least strenuous thresholds that 
are acceptable should be placed to avoid over-filtering the 
data. Mechanisms for measuring software performance for 
the current study are discussed further in the introduction, 
but future iterations of OGAR will likely improve on these 
by adjusting minimum speed requirements and recording 
participant frame rate. Ultimately, however, many of these 
concerns can be sidestepped by using OGAR on lab-oper-
ated computers. If the Client is operated on a lab-operated 
computer, then near total compatibility can be achieved.

Getting started with OGAR 

Individuals interested in using OGAR can view relevant 
documentation about getting started as well as other details 
about the project on its GitHub (https:// github. com/ mboer 
winkle/ OGAR). Recommendations for server set up, new 
OGAR releases, community contributions, and other rel-
evant commentary will be updated regularly as the project 
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continues its development. Interested parties can follow 
the page to receive notification of any related changes. The 
authors also welcome correspondence should readers have 
additional questions about OGAR or require additional 
support.

Conclusions

Developing virtual alternatives to traditional in-person field 
research in the arts has the potential to make both basic 
research and applied assessments of art engagement (e.g., 

by people working in visitor studies, art education, and 
museum curation) more affordable, accessible, and safer 
during public health crises. OGAR may find use with the 
arts researcher looking for a way to transcend the research-
design limitations of physical museum spaces and ever-
changing needs of experimental design, with the curator 
who needs a cost-effective, time-effective way to collect data 
on curatorial choices for upcoming exhibitions, or with the 
museum studies class that requires a safe and accessible way 
for students to engage with gallery spaces without leaving 
the classroom—all while achieving an acceptable degree of 
similarity with real-life experiences.

Table 4  List of Artworks

Number Title Artist Year Room Repre-
senta-
tional?

1 Lita Curtain Star Andy Warhol 1968 1 Yes
2 Woman with a Fan Pablo Picasso c. 1905 1 Yes
3 Water Lilies Claude Monet 1906 1 Yes
4 Untitled (Green and Red) Fiona Rae 1994 1 No
5 Terrano X Emil Schumacher 1990 2 No
6 Starry Night Vincent van Gogh 1889 2 Yes
7 Broadway Boogie Woogie Piet Mondrian 1943 2 No
8 Painting Number 2 Franz Kline 1954 2 No
9 Untitled Willem de Kooning 1988 2 No
10 Solitary Tree Caspar David Friedreich 1822 2 Yes
11 Untitled Per Kirkeby 2012 2 No
12 Eyes in the Heat Jackson Pollock 1946 1 No
13 Reclining Girl François Boucher 1752 1 Yes
14 Untitled Mark Rothko 1954 1 No
15 The Silver Goblet Jean-Baptiste-Siméon Chardin 1728 1 Yes
16 Hare Albrecht Dürer 1502 2 Yes
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