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equally well in all three SERP display types when all results where
presented; they performed faster with the grid and the arch when results
were missing. People generally preferred the list and the grid over the
arch as they required less body movement.

In addition to these initial, technical investigations into XR-related
search scenarios, there is also increasing interest in using XR in library
contexts. Cook (2018) identifies the potential of VR for library contexts
with respect to information embodiment (e.g., through physical browsing
of books and collection artifacts) and how it facilitates serendipity (also
see Section 6.3). The paper highlights initiatives and projects at the
University of Oklahoma that address how VR can provide physical and
spatial features for digital content. The Oklahoma Virtual Academic
Laboratory (OVAL) allows users to upload, create, and edit 3D content
collaboratively in VR (Figure 6.7).

Figure 6.7: The Oklahoma Virtual Academic Laboratory (OVAL) browser allows
library users to upload 3D content to make them collaboratively accessible and
editable in VR [picture taken from Cook (2018)].

Museums and cultural heritage projects have applied XR technol-
ogy for many years and remain active spaces for creative explorations
of the medium. Hornecker and Ciolfi (2019) survey research on XR
technology in museums that allow visitors to experience, interact with,
and reconstruct museum artifacts and events. Common themes for the
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use of XR are time travel (where visitors can explore a past-time place
or event), character impersonation (where visitors experience a world
or an event through a simulated character), reveal (where the visitor
can dissect layers of an artifact or a place), and reconstruction (where
the visitor can experience a current site (e.g., the ruin of a castle) in a
different state (e.g., fully built and active, as it once was) (Hornecker
and Ciolfi, 2019). Most recently, Marin-Morales et al. (2019) compared a
physical museum with a virtual counterpart in terms of users’ experience
of presence and navigational behavior. Jerald (2015) provides general
design guidelines for VR covering aspects such as perception, content
creation, and interaction (and interaction design) that may be useful
for designing immersive search interfaces. Overall, the use of immersive
technology for search applications and services are still at an early stage
with much still left to explore.

6.5 Data Visualization Interfaces in Virtual Environments

Data visualization has been identified as one of the emerging research
areas in the digital humanities curricula (Walsh et al., 2021). From a
user perspective, comprehension of data visualization is concerned with
the users’ interpretation of quantitative information in the graph. The
processes of graph comprehension emerge from integrated, sequential
sub-processes like encoding graphical descriptions, information search,
and reasoning (Carpenter and Shah, 1998; Körner et al., 2014; Pinker,
2020). People’s cognitive abilities, such as perceptual speed and verbal
working memory are correlated with eye-tracking measures (Conati
et al., 2020; Toker et al., 2017). Prior information-seeking experience
is correlated with search performance and eye gaze behavior (Liu and
Wacholder, 2017; Wittek et al., 2016). Specifically, users benefit from
system-driven customization of the information content presented in a
data visualization system, but the degree of benefit depends upon the
user characteristics of visualization literacy and locus of control (Lallé
and Conati, 2019).

Data visualization interfaces that aim to support the user in under-
standing complex, interconnected data are commonly used in visual
analytics (Keim et al., 2008; Weiskopf, 2019) and e-learning (Silva et al.,

The version of record is available at: http://dx.doi.org/10.1561/1500000073



6.6. Summary 121

2019). Eye gaze data, together with search behavior data or user charac-
teristics, can be used to infer types of search tasks (Steichen et al., 2014).
Of relevance to learning contexts is that fact that when task complexity
increases, the attention distribution of field-dependent (holistic) users is
more equally distributed than field-independent (analytic) users (Raptis
et al., 2017).

In the context of information seeking, research suggests that previous
search experience correlates with search performance and eye gaze
behavior (Liu and Wacholder, 2017; Wittek et al., 2016). In a study of
conversational agents for pilots (Liu et al., 2020b), the user experiment
with flight school students revealed that user perceptions about the
usefulness of the system and its relevance to the topic are good predictors
of search performance.

From user-centered design perspectives, research has focused on the
usability of visualization systems, user experience, and physiological
responses in VR environments. Specifically, the user-centered design prin-
ciples and techniques in VR environments have been validated (Aragon
and Hearst, 2005) and applied to immersive 3D environments (Gerjets et
al., 2018). The use of physiological signals for building up computational
models that can detect cognitive load, mental stress, and emotional state
for VR environments has great potential for developing user-adaptive
interfaces (Gerjets et al., 2018; Pettersson et al., 2019; Skarbez et al.,
2018). More research on the effect of individual differences in cognitive
processing and user perception will provide insights into user-adaptive
interface design in VR environments.

6.6 Summary

This section covered the following emerging topics in search interface
research:

• Conversational search interfaces are an interactive way to engage
and support users while looking for information. We reviewed
research in this increasingly popular field that merges AI and
NLP to create personal assistants.
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• Specific interfaces for leisure search are sparse and traditionally
intermingled with worktask-related search applications. We high-
lighted different layers of human leisure activity and studies that
demonstrate the need for specific support, together with interface
examples that have been optimised for leisure search application
(e.g., from hobbies, sports, and citizen science).

• We reviewed prior work on the concepts of serendipity and cre-
ativity. We showed examples of interfaces that allow users to
search and explore information to allow for unintended discovery,
(e.g., by diversifying search, or by exploring information facets
dynamically).

• Augmented, mixed, and virtual reality (XR) interfaces are promis-
ing access platforms for search and information seeking activity
as well as for the visualization of data as a product of search and
exploration. While only initial work has as yet been done in this
area, this topic has great potential for the future.
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7
Summary

This review of what has been done in search interface design and
evaluation in the last 10 years is structured into six sections. First, we
briefly reviewed the history of search interfaces from the perspective
of user interaction. We show that at the early stage of any search
interface, designers consider users’ need, preferences, cognitive load, and
personalization and incorporate these into the design of their search
interface.

Secondly, we reviewed search behavioral models and the application
of search tasks and theoretical models into search interface design. We
showed that there have been some disconnects between search interface
design and the application of user models. However, we also found
different types of theories that serve a different role in the design
of the search interface. Some user models, such as Belkin and Cool
(2002)’s ISSs and Bates (1979)’s search tactics, could serve as evaluation
frameworks; there have been a few studies that applied Kuhlthau’s ISP
model to design search interfaces that could support different search
stages; information foraging theory could explain users’ search behaviors
on search interfaces. Besides search behavior models, there have been
studies that, through the exploration and application of models from
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behavioral economics and cognitive psychology, proposed evaluation
measures that could better reflect users’ bias during search evaluation
(Liu and Han, 2020; Azzopardi, 2021). There is a call for more theoretical
discussion and exploration in search behavior models that could inform
the design of the search interface.

Thirdly, we reviewed studies on search interface designs by adopting
Marchionini’s information-seeking process model, and classified search
interface features into four subprocesses: understanding and planning,
searching and execution, evaluation, and use. Our review has demon-
strated that there have not been enough features supporting information
use, (e.g., helping searchers extract information, take notes, or finish
the whole task). The research in Search as Learning started to explore
related issues, and several reviews also call for related research to sup-
port task completion and not only searching (White, 2016; Shah and
White, 2021).

Section 4 reviews research on adaptive user interfaces, personaliza-
tion, and contextualization by signal sources that include such aspects
as user search behaviors, physiological signals, and various contexts. It
is also necessary to design search interfaces for various groups of users,
(e.g., children, older adults, and people with disabilities).

Section 5 reviews research about the evaluation of search interfaces
to help the reader understand when and how to select appropriate
evaluation approaches and measures according to the evaluation stage
and objectives. It has been suggested that there should be different
evaluation objects; the researcher must determine whether to evaluate
the search process or the search outcomes, as well as which aspects of
the usage of search interfaces ought to be evaluated.

Section 6 provides a discussion on emerging topics in search interface
research including conversational search, specific interfaces for leisure
search, interfaces that allow users to search and explore information
all the while allowing for serendipity and creativity, and interfaces that
take advantage of immersive XR technology.

To summarize, search will be ubiquitous in the future of the emerging
new technologies (e.g., AI, big data, cloud computing). Search systems
should be able to support various types of information acquisition,
either active search for task completion, search for leisure, or search
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for unintended discovery. The future of search is bright. We need to
find ways to drive more research to this area through exploration and
creativity in both theory and practice.
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