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Figure 1: Early prototype of an VR information retrieval interface with virtual keyboard for query input
(a) and 3D thumbnails for result representation (b).
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Abstract

In interactive information retrieval (IIR), the interaction between humans and primarily digital information is studied. Meanwhile, computerised virtual reality (VR) continues to evolve on a technical and
abstract level. While there has been some research on information retrieval (IR) systems for VR, no
research fully encompasses the approach of including human information seeking (IS) behaviour when
considering search in VR. This research plan suggests just that. For this, recent existing research is briefly
overviewed, and several exploratory studies are proposed. While some existing software artefacts exist,
this plan suggests the development of prototypes that allow the analysis of the effects of IR features
and the search interface on information seeking in VR. The many choices and challenges regarding the
design of these studies are also presented for discussion.

Keywords

Virtual Reality, Interactive Information Retrieval, Information Seeking, Information Search Behaviour,
Human-Computer Interaction,

1. Introduction
Ivan Sutherland’s Sword of Damocles, is widely regarded as the first digital virtual reality (VR)
system [1]. Even earlier, in 1965, he envisioned the ultimate display, “[. . . ] a room in which
the computer can control the existence of matter” and that “[a] chair displayed in such a room
would be good enough to sit in” [2]. Today’s VR systems are still far away from providing such
an experience [3]. It is difficult even to imagine what user interfaces for Sutherland’s ultimate
display would look like. However, with recent technical advances in VR technology, many
existing and new theories can be explored and studied more easily. An interesting question
arises regarding the human effort to seek and retrieve more complex information within digital
systems: What is the ultimate interface for human information seeking?
Utilising 3D interfaces for information seeking (IS) and information retrieval (IR) is not a
new idea. Wilson summarised in 2013 on 3D search interfaces: “While many of these ideas
are exciting, they have rarely been shown to provide significant improvements to searchers”
[4]. Wilson continues: “Essentially, the overhead of manipulating and navigating through a 3D
space currently overrides the benefits of adding the third dimension.” However, this refers to
3D interfaces that are projected onto 2D displays (e.g. a laptop or desktop computer). Humans
are used to perceiving and interacting with 3D space in the real world. Arguably, they should
benefit from 3D search interfaces if they are presented in an immersive 3D virtual environment,
such as with VR headsets and hand-tracked input. There is already evidence that VR can be
beneficial for data visualisation [5, 6] and that users overall better in visual search tasks in
VR [7, 8]. With such benefits in mind, is it possible to design a search interface in VR that
significantly improves information search?
Research in VR dates back to the early days of digital computing [9]. However, enabled by
technological advances in display technology and real-time rendering of 3D computer graphics,
the release of the Oculus Rift VR headset marks a renewed interest in VR, including research.
An analysis of publications in the Web of Science core collection that mention Virtual Reality in
the title, keywords or abstracts shows that more than 30 % of all records between 1987 and 2021
have been published in the last three years (almost 55 % since 2016).
As overviewed in the following section, the intricacies of human information seeking
behaviour in virtual reality remain largely unexplored. Consequently, the implications of
this seeking behaviour for information retrieval systems are also unknown. Therefore, the
overarching goal of this research plan is to understand information seeking activities in virtual
reality, focusing on the involved cognitive behavioural processes and their consequences on the
design of VR information retrieval systems. To that extent, the following preliminary research
questions are formulated:
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RQ1: How can information needs between users and a VR information retrieval system
be communicated effectively?
RQ2: How can search result representation in VR systems look like, and what factors
influence their effectiveness?
RQ3: What is good general UI interaction for VR search systems?
RQ4: Can existing information seeking process models be applied to information
seeking in virtual reality?

2. Background
For this research plan, virtual reality (VR) means immersive virtual reality experiences, typically
produced with VR headsets (and with computers and other hardware). It can be included in
the term extended reality (XR) which also encompasses augmented reality (AR) and mixed
reality (MR), where the actual reality is included visually to some degree. Arguably, this can
be expected to add additional complexity to a 3D search interface, and thus, AR and MR are
currently not included in this research plan.
Several research disciplines and applied fields are involved in understanding human information search and implementing search software systems. From a academic perspective and
embedded in Computer Science, the term information retrieval describes “[. . . ] finding material
[. . . ] of an unstructured nature [. . . ] that satisfies an information need from within large collections [. . . ]” [10]. Quite similarly, but coming from Information and Library Science, information
seeking describes the “[. . . ] conscious effort to acquire information in response to a need or gap
in your knowledge” [11]. A concrete terms is interactive information retrieval, where attention is
payed to the human and their interaction with the system [12] and information search behaviour,
limiting the seeking activity to active search within computer-based systems [13]). Among
others, Ingwersen & Järvelin [14], Saracevic [15] and Cool & Belkin [12] give an account of
the history of the fields and how it is beneficial to include perspectives from both fields when
studying human information search. Figure 2 shows a suggested relation between human
information seeking, information retrieval features and search user interface design for virtual
reality scenarios. Related disciplines include information science, computer science, psychology
and the overarching human-computer interaction, involving the fields information seeking,
information retrieval, virtual reality and cognitive psychology. This results in a complex and
interdisciplinary research interest.

2.1. Existing research
Regarding existing studies about information retrieval in virtual reality, a recent literature
review overviews 16 current systems and theoretical considerations [16]). These include novel
query and interaction methods, including rapid typing with hand-tracked input [17], utilising
voice-commands [18] or user-created 3D sketches [19]. In result representation, “[r]esults were
visualised as curved text, flat, spherical, curved or cylindrical image grids, planets or floating
3D objects” [16]. Evaluations of such systems often showed good user task performance and
equal or faster task times compared to conventional 2D systems. In all studies that reported
user satisfaction, the VR version was prefered [16]. Although the novelty of VR experiences

Figure 2: Suggested relation between information seeking, information retrieval and search interface
design in virtual reality.

can affect reported user satisfaction. These existing works often focus on one specific IR or user
design feature without considering the larger context of interactive information retrieval or
information seeking. Most pressingly, no existing research pays special attention to the human
factors that influence the design of IR features and systems at large. Such factors could be human
affection, cognition and behaviour in general, as it is sometimes included in information seeking
models, but also from the effects of humans being immersed in a virtual reality experience
specifically.
Recent works that consider the human role in relation to search interfaces for VR include
encouraging words by White [20] as well as Liu et al. [21], where both suggest that search
in VR or XR deserves further investigation. Some of the few recent studies that go beyond
technical implementations are conducted by Ward [22, 23], who considers result representation,
interaction and the design of abstract information objects.
Several information seeking models and theories explain human information-seeking behaviour with digital IR systems (overviews given by[21, 24, 14]). Liu et al. [21] categorise
models that describe only some of the information seeking activities (Belkin’s ASK hypothesis [25], Bates’ berry-picking model [26] and Pirolli’s information foraging [27]); those that
describe information seeking as a process (Kuhlthau [28], Ellis [29] and Marchionini [30]);
models that focus on the representation of search interactions (Belkin’s episode model [31])
or information objects (Ingwersen’s cognitive model and polyrepresentation [14]); and finally
Saracevic’s stratified model as an integrative model ([32]). Notably, no scientific works directly
connect information seeking models or theories with virtual reality. Currently, it is unclear
which information seeking models can be applied to search in VR and to which extent. Thus,
such models and theories should be (re-)investigated for digital search in virtual reality. Given
the generalisability of some of the models and the involvement of a human user, hypothetically,
information seeking in VR is still strongly connected to humans and their cognitive processes,
as suggested by Bates, Belkin, Pirolli and Ingwersen. Further information seeking in VR could
possibly still be described as a process, as modelled by Kuhlthau, Ellis, Marchionini and Belkin.
Finding more definite evidence is an important part of this research plan (see RQ4).
From a completely different perspective, experiences in virtual reality could be, or already are,
much closer to the way humans interact with actual reality when compared to 2D user interfaces
on computers or smartphones.Natural user interfaces, have interactions that are closer to human
interaction with actual objects [33]. 3D spatial input is preferred in current commercial VR

systems, either with 3D tracked controllers or direct hand tracking. Interactive information
retrieval in VR could be inspired by human interaction with information in actual reality. Kilian
describes a research plan for closer examination of human information behaviour at an airport
[34]. Similar investigations into scenarios where information behaviour, especially information
seeking, is of high relevance (e.g. libraries or hospitals) could inform the design of information
retrieval systems in VR.

3. Proposed Research Design
3.1. General considerations
Several decisions need to be made and will impact the direction future research can take. For
some of these decisions, solutions are suggested based on existing work and logical argumentation. Most importantly, the FDIA consortium will be a platform to discuss these points and can
hopefully improve the suggested research plan. These decisions will also be reevaluated based
on observations and findings of the first qualitative research phase.
What systems can be evaluated? Currently, no public software systems focus on information retrieval in virtual reality. When search functionality is needed (e.g. to search for
applications in a software store), it is often implemented similarly to existing 2D interfaces (e.g.
the SteamVR store, the Oculus Quest store and others). To really study human information
seeking behaviour and interactive information retrieval, one needs to create software artefacts
that do not just replicate 2D search interfaces. If such systems emerge in the coming years
and reach maturity and widespread use, they should also be studied. For now, this results in
formative evaluation during the system’s development, as opposed to summative evaluation of
a mature system [35]. Software artefacts need to be both developed and evaluated.
What software artefacts can be evaluated? In a fully developed search software monolith
that implements various IR features and many information seeking steps, extensive evaluation
of both the system and the human would be possible. Since no such systems exist (especially not
recent and widely used ones), this is not possible. Thus, it is suggested to start with developing
and evaluating individual IR components that encompass individual steps of the IS process. In
addition, later work can adapt the individual components into a fully-fledged system and affirm
previous discoveries.
What are adequate means of comparison? At some point, to get quantitative data, comparative evaluation is needed. Currently, it is challenging to find an adequate baseline to compare to.
There are only few candidates of existing VR software with information retrieval functionalities
that even have conventional (2D desktop) equivalents. These could be studied in either an early
exploratory approach or much later to confirm the insights from previous studies of single IR
components. This is especially attractive because comparative, quantitative methods can be
applied. On the other hand, such studies already exist and often conclude that information
retrieval in VR results in worse task performance which in turn is then often explained with

the novelty of such systems and that users are more used to 2D systems (and therefore are e.g.
faster or less error-prone) [36, 37, 38, 39, 40, 41, 18]. If 2D and VR systems should be compared,
it should either be with subjects that are well-versed in the use of VR systems or with means of
comparison that are not affected by the novelty of VR.
How can study participants be selected? For studies in general, participants’ demographic
attributes are relevant (e.g. age, sex, education, etc.). For studies in this research plan, it is
additionally of interest to assess the level of exposure to (recent) VR technology and experiences.
This can include first-time users, average users and enthusiasts. Possibly, different groups would
approach information seeking in VR very differently. A starting point is to avoid first-time
VR users as participants, as the novelty of experiencing VR tends to overshadow whatever
should be measured. On the other hand, VR enthusiasts or even researchers might bring several
preconceptions and opinions with them that affect their judgement.
Which databases should be searched? There is a wide range of different datasets that
include texts, images, sounds, videos and 3D objects, as well as descriptive metadata. Choices
need to be made regarding what data is used and how it is displayed. It is suggested to prioritise
datasets that primarily contain non-textual data since such data can be displayed easily within
today’s VR headsets and in 3D space. An open discussion point is that study participants are
potentially less familiar with the retrieval of 3D data. On the other hand, multimedia data is
a reality of current general search engines such as Google, where images, videos and other
information objects are included in the search results.
Other considerations There are other things to consider, such as the general approach to the
interaction between the user and interface elements, objects in the virtual world and even other
users (collaborative information seeking/retrieval). Further, should the user always embody
an avatar (a virtual self-representation) in VR? What superpowers (teleportation, telekinesis,
flying, . . . ) do they need to maximise the usefulness of an IR session in VR? How do physical,
physiological and psychological limitations need to be considered for information retrieval VR
sessions specifically (e.g. spacial restrictions, comfort, cognitive load, . . . )?

3.2. An exploratory approach
No complete and comprehensive research effort exists that investigates interactive information
retrieval in VR. Thus, new exploratory research needs to be done. Reference works on research
methodology and design often suggest an exploratory-sequential approach, where qualitative
observations inform the design of the following quantitative approaches [42, 43]. Similarly, in
the first phase of this approach, qualitative findings can inform the design of the component
of a VR search system, identify relevant variables and provide the first indications of human
search behaviour within such a system. In the second phase, quantitative data can support or
reject more concrete hypotheses that will be formulated based on the research questions of this
research plan, as suggested by Kelly citekellyMethodsEvaluatingInteractive2009. Overall, Kelly
gives a detailed overview of general research approaches and experimental design and data
collection methods and will serve as a basis for the design of the studies of this research plan.

3.3. Potential studies
Some future studies can be conceptualised to work towards answering the introduced research
questions. It is unlikely that these questions can be answered entirely with this research plan.
They should be considered prelimineray and will be further discussed at the FDIA event.
It is suggested that one of the information seeking process models serves, at least initially,
as the guiding structure for this research plan. As illustrated in Figure 2, human information
seeking, information retrieval features and the search user interface design are interrelated
and must be considered throughout the research plan. Early qualitative work could include a
detailed examination of information-seeking behaviour in VR at the single case level to build
hypotheses. In later quantitative work, these hypotheses can be validated, and variations in IR
features and interface design can be compared directly.
Preliminary studies In early preliminary studies, detailed observation and interviews can
inform the design of all further research efforts. Here, the aim is to solidify the research questions
and overall research plan and unearth any logical flaws. As previously mentioned, there are
a few candidates of existing software in VR with information retrieval functionalities and
conventional (2D desktop) equivalents. These could be studied exploratory or with comparative,
quantitative methods. Alternatively, a small study with a simplistic IR prototype in VR could be
conducted. Some possible features of such a system are shown in Figure 1.
Study 1: (Re)designing the query for VR search To work towards answering RQ1 (How
can information needs between users and a VR information retrieval system be communicated
effectively?), this exploratory study focuses on the design of the search query. Existing paradigms
in traditional interfaces need to be examined, including mouse and keyboard interaction with
a desktop computer or laptop, but also more recent developments such as search interfaces
on smartphones and voice-based search ([18]) and personal assistants (e.g. Alex, Siri, Google
Assistant) and even existing VR interfaces that utilise tracked controllers or hands (e.g. [17]).
Not only the input technology is of interest, but also the query construction itself (e.g. [19]).
Results of this study also give indications to answer RQ3 (What is good general UI interaction
for VR search systems?).
Study 2: Result representation and browsing Regarding RQ2 (How can search result
representation in VR systems look like, and what factors influence their effectiveness?), this
exploratory study focuses on the result representation (SERPs) and how these results are
interacted with. Existing paradigms in traditional interfaces could be examined, including mouse
and keyboard interaction with a desktop computer or laptop. But, also more recent developments
such as smartphone search interfaces and voice-based search via personal assistants (Siri, Hey
Google, Alexa). There is a body of existing work that can inform the design of an optimised
prototype for further evaluation (see [16]). Results of this study should give further indications
to answer RQ3 (What is good general UI interaction for VR search systems?).
Study 3: Information Extraction This study is directly related to both RQ 1 (good queries
in VR) and RQ2 (good SERPs in VR). The study could focus on how information can be extracted

by users in a VR context. As Kelly noted, “[a] user’s information need is perhaps one of the
most critical aspects of information seeking and retrieval”. Evaluations could feature generated
information needs and corresponding tasks. Since there is evidence that the spacial aspect of
VR can aid memory retention [44], are there similar effects for information search?
Study 4: Interactive Information Retrieval in Virtual Reality This study finishes the
research effort and should answer RQ3 (What is good general UI interaction for VR search
systems?) and RQ4 (Can existing information seeking process models be applied to information
seeking in virtual reality?). In a final descriptive or even explanatory study and based on the
results of the previous studies, an information retrieval system that encompasses the entire
information seeking process should be conceptualised, prototyped and evaluated. Thus, this
system should enable users to formulate and execute a query in a way that is adequate for the
requirements of VR environments. The results of such a query need to be presented in a way
that is native to a 3D environment yet optimised for human consumption. Finally, a user needs
to be able to extract all relevant information directly from the VR system. Results of this study
could lead to the development of the first theories of interactive information retrieval in virtual
reality and even be a building block for the conceptualisation of a theory of general information
seeking in virtual reality.

4. Final Remarks
This research plan does not formulate an interest in the evaluation of the performances of
specific IR systems (especially concerning retrieval algorithms). Instead, established pre-build
IR software systems will be picked to focus on IR features, the search user interface and their
effect on the information seeking process, or interactive information retrieval in VR.
As [45] puts it so succinctly: “Complexity reigns in information seeking-behaviour research.”
This is all the more true for such research within VR systems, where is almost no existing
research. This research plan formulates ambitious goals and aims to cover much ground. Possibly,
even first investigations will uncover new challenges and raise new questions. However, this
is part of the process of explorative research in novel areas, which information search in VR
certainly is. The author hopes that both the ESSIR conference and the FDIA consortium can
act as a funnel and amplifier for the formulated research interested in improving the research
plan and inspiring other researchers to set their gaze on this promising research area. Suppose
VR (or XR) technologies become widely used in productive contexts. In that case, the design of
IR systems that fully leverage the advantages of 3D space and direct user input will become a
major task for the IR community.
In 2013, in a foreword in Ruthven & Kelly’s book on Interactive Information Seeking, Behaviour
and Retrieval, Saracevic listed contemporary leading research questions regarding information
search (on the internet): “What is the nature of the search? [. . . ] What are its manifestations
and effects? How is it affected? [. . . ] What helps or hinders a search?” [15]. The research plan
suggested in this paper lays out the first steps to answer these questions, albeit be it only for
human information search in virtual reality.
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