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ABSTRACT

MOBILE USER EXPERIENCE RESEARCH METHODS & CONTEXT OF USE:
A SYSTEMATIC LITERATURE REVIEW

By
Jennifer Ismirle

With the rapid growth and development of mobile technologies, there is a need for
examination of current mobile UX research to understand whether the methods being used have
or are evolving (e.g., into the wild) and how mobile context of use may be considered for these
types of studies. This thesis describes a systematic literature review to understand the types of
methods, evaluation settings, procedures, focuses, study designs, tools, and context
considerations used for mobile UX research. Overall, the results indicate a further push into the
“wild” or field settings and a broadening of UX mobile research and contextual considerations
through the use of more open and less restrictive methods, conducting research in dynamic
environments of use over semi-longitudinal time periods, and the use of a range of methods and
tools based on the goals and context of each study to allow for greater understanding of impacts
and performance. However, further research and consideration are needed for the inclusion of a
broader range of experiences and user or social contexts to continue to understand and meet the

needs of humans and their ever-expanding and evolving technological ecosystems.
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Introduction

Originally, a focus on usability primarily involved the use of usability testing near the
end of a process, then broadened to user-centered design (UCD) to include user research and
usability evaluation throughout a design process, and now has broadened further to user
experience (UX) to encompass a larger context of use (Redish & Barnum, 2011). The
International Organization for Standardization or ISO (1998) has defined usability as the “extent
to which a product can be used by specified users to achieve specified goals with effectiveness,
efficiency, and satisfaction in a specified context of use.” However, as discussed by Sun (2012),
usability research often focuses most on ease of use, and the specified context of use often only
includes user characteristics, types of tasks, and a physical environment (such as a workplace)
versus dynamic contexts. User-centered design and research focuses on including representative
users and considering their needs, goals, and interactions with technology throughout every step
(e.q., user requirements analysis, conceptual design, prototyping and implementation, and launch
and maintenance) of an iterative development and evaluation process.

User experience has been defined by the ISO (2010) as a “person’'s perceptions and
responses resulting from the use and/or anticipated use of a product, system, or service” which
includes a user’s “emotions, beliefs, preferences, perceptions, physical and psychological
responses, behaviors and accomplishments that occur before, during and after use.” The ISO’s
(2018) definition of usability was also updated to expand the scope to systems and services and
to consider a wider range of goals and outcomes. Furthermore, Sullivan has advocated for a more
open approach to UX design and research methods through a focus on relinquishing control and
being more “open to the voice of another” and “encounters” instead of only controlled research

contexts and limited inclusion of various types of users (Sullivan, 2017, p. 19), thereby allowing



researchers to consider more dynamic and situation-driven contexts and empathy toward
participants. Experience architecture (XA) is another example of a push for a broadening of the
focus and approaches of UX design to more dynamic experiences by “creating experiences that
are augmented by technology” and “understand[ing] ecosystems of activity” versus “single
activities that envelop us in technology” (Potts & Salvo, 2017, p. 4).

UX practitioners come from many backgrounds, fields, and disciplines, including human-
computer interaction (HCI) and technical communication (TC). Within HCI, a focus on usability
has grown from first optimizing interaction between humans and machines through usability
testing to collect performance metrics and to discover points of error, then including more
emphasis on enabling the communication between humans and machines and considering
cognitive aspects, and now to considering a broader interaction of meaning making and
supporting situated actions and varying contexts and interpretations (Harrison, Tatar, & Sengers,
2007). Usability testing in technical communication has involved user, task, and context analysis
for the creation of content and documentation to “make complex interactions understandable and
usable” (e.g., training documentation to help users avoid errors) and has continued to expand to
UCD and UX approaches (e.g., using a variety of research and analysis methods throughout
design and development) including the design of products, information design and architecture,
content strategy and management, and so on (Redish & Barnum, 2011).

Mobile UX Research: Lab versus Field

Traditional usability testing often has involved a controlled environment in which
representative users attempt specific tasks within a specific time frame in the presence of a
moderator and/or observer(s) in a laboratory setting, conference room, or similar common

location (i.e., participants use a testing computer or device in a research setting), as well as the



use of video recordings to capture a participant’s actions and body language and the computer
screen (Barnum, 2002). In recent years, mobile technology and remote testing options have made
it more possible to extend usability evaluation beyond the traditional laboratory setting. For
example, a mobile recreation application designed to provide useful information on nearby
activities could be tested “in the field” at an actual area for recreation (such as a public lake or
park) where users would try tasks on a mobile device with a moderator observing interactions in
a representative context or environment (Swierenga, Propst, Ismirle, Figlan, & Coursaris, 2014),
thereby potentially increasing the ecological validity of the evaluation (e.g., the study context
represents the actual use of the product, and could then allow for the results to be more
representative and generalizable). However, some have argued that simulated context of use
within a lab setting can provide sufficient ecological validity (e.g., Kaikkonen, Keké&l&inen,
Cankar, Kallio, & Kankainen, 2005).

Although the concept of lab results versus field results has been examined within human-
computer interaction (HCI), there has not been much consensus on which type of evaluation
yields “better” results and which methods to use for mobile user experience research and testing
(e.g., evaluation of mobile websites, applications, devices, etc.). For example, some studies have
found the same amount of issues for a product when testing in the lab and in the field (e.g.,
Kaikkonen et al., 2005), whereas others have found more issues when testing in the field (e.g.,
Baillie & Schatz, 2005). However, a push toward conducting research “in the wild” has been
evident as mobile technologies, and technologies overall, continue to become embedded in
everyday life and increase the need for user experience research to evaluate technologies in
contexts of their use and to understand how they are integrated into daily life (Crabtree et al.,

2013).



Coursaris and Kim (2011) conducted a qualitative meta-analytical review of more than
100 empirical mobile usability studies from over a ten-year period (2000-2010). They found only
21% were field studies and 10% were both lab and field studies, and pointed to the need for
research involving dynamic environmental factors. Most of these studies involved a multi-
method approach (e.g., device data triangulated with questionnaires, observation, and/or
interview data). Additionally, Coursaris and Kim (2011) found there was a lack of research
involving open and unstructured tasks (e.g., to understand the types of actions and behaviors of
users without constraint) and that the research was limited in the range and frequency of user
characteristics studied (e.g., cross-cultural, disabilities, age, gender, etc.) as prior experience was
the most prominent user-related variable.

Kjeldskov and Skov (2014) conducted a review to explore the past decade (2004-2014)
of mobile HCI research on field and lab evaluation, specifically to investigate responses in the
literature to their “Is it worth the hassle?” paper (Kjeldskov, Skov, Als, & Hgegh, 2004) in which
they had concluded that a field setting provided little added value when compared to a simulated
field setting in a lab. For their 2014 review, they divided up the publications into those that were
conducted in a lab setting (23) or field setting (39), compared lab and field (16), and discussed
lab and field (64). The lab studies took place in controlled or artificial environments (and 14
studies included simulated context in some way) and this type of study was justified by the need
for more control, replicability, easier data capture, and less time required. Field studies involved
different forms of experimental control in a natural environment or the “real world.”

Kjeldskov and Skov (2014) found that there is “a general agreement that contextual
realism plays an important role when evaluating mobile HCI, but this may be achieved both by

simulating contextual factors in the lab or by taking the study ‘outside’ into the field” (p. 48),



although there are no guidelines or definitions for either of these forms of evaluations as the
studies reviewed involve testing of a variety of different products. Overall, Kjeldskov and Skov
(2014) describe the tension as more a question of considering and balancing ecological validity
and control and advocate for moving beyond a focus on usability and controlled settings to
“embrace field studies that are truly wild and longitudinal in nature in order to fully experience
and explore real world use” (p. 50). By including these types of studies, researchers could then
learn about and understand how technologies can fit into people’s lives and their digital
ecosystems and contexts of use.

Mobile Context of Use

Beyond comparing lab and field settings and considering the physical context of
evaluations, there has been a focus on developing a framework for context of use specifically for
the mobile arena of UX research. For example, Coursaris and Kim (2011) proposed a contextual
usability framework for a mobile computing environment based on the work of several scholars
involving context of use and approaches to usability evaluation (e.g., Han, Yun, Kwahk, &
Hong, 2001; Kwahk & Han, 2002), which includes contextual factors (user, technology,
task/activity, and environment) that impact usability in an outer circle and sixteen usability
dimensions in an inner circle.

Jumisko-Pyykko and Vainio (2010) completed a literature review of over 100 articles
from the field of HCI to determine definitions and characteristics associated with the context of
mobile computing. Although these researchers determined that the components of mobile context
presented were similar across the literature (e.g., physical, temporal, social, task, and technical
context components), they also found that the field of mobile HCI is still characterizing context

of use as a “relatively static phenomenon” instead of considering the “dynamics and



heterogeneousness of mobile contexts” (p. 6). Jumisko-Pyykkd and Vainio (2010) developed
their own definitions for the identified context components based on their review, but they also
call for additional research to focus on the dynamic aspects of context (such as temporal
components and transitions between contexts) in relation to mobile to continue to fill the
research gap for mobile usability.

In addition, a push to think more globally and across cultures has been evident. For
example, Sun (2012) developed the Culturally Localized User Experience or CLUE framework
as a means to consider contextualized activity, experiences, and meaning-making across a range
of localized cultures and subcultures, as well as the dynamic nature of culture. Sun points to the
need for the involvement of actual localized users and consideration of their overall and situated
experiences within their everyday context of use in order to develop usable and meaningful
designs, instead of only using shallow changes (e.g., language, color schemes, etc.) to consider
and reach a range of cultures. Meloncon (2017), who focuses on developing more multi-
dimensional and embodied personas, has also advocated for expanding focus from an ideal user
to considering local, cultural, global, and technological experience differences of users as well as
their physical and psychological presence.

Mobile UX Research Methods & Consideration of Context of Use

With the rapid growth and development of mobile technologies, there is a need for
examination of current mobile UX research to understand whether the methods being used have
or are evolving (e.g., into the wild) and how mobile context of use may be considered for these

types of studies.



Methods

To understand the state of mobile UX research, | conducted a systematic literature review
(e.g., Al-Ismail & Sajeev, 2014) which involved collection and critical analysis of mobile UX
evaluation studies while considering the following major research questions:

e How do HCI/TC researchers conduct mobile UX evaluations?
e How is context considered, described, or addressed in the design of these studies?

To begin the search and collection process, | developed search strings to try for different
databases (i.e., ACM, IEEE Xplore, ScienceDirect, Springer, Taylor & Francis, SAGE, Elsevier,
and Google Scholar) in order to find mobile UX evaluations that also described “context” in
some form. These search strings included:

e Basic Search: (mobile) AND (context)
e Descriptive Search: (mobile) AND ((usability) OR (“user experience”)) AND
((evaluation) OR (test) OR (process) OR (method)) AND (context)

Across the databases | used, these initial searches produced results with thousands of
articles, which led me to decide to limit the scope of my research to specific publications based
on previous systematic reviews and other sources with similar focuses to my own goals, impact
factor and relevance (e.g., user experience research), and with the inclusion of a range of types
(e.g., journals and conference proceedings) and different publishers. The publications | selected
(Table 1) are aimed toward academic researchers and/or industry practitioners in relation to user
experience (UX), specifically within the fields of human-computer interaction (HCI) and/or

technical communication (TC).



Table 1. Publications initially selected for systematic literature review.

HCI/UX TC

Human-Computer Interaction (HCI) Journal of Business and Technical
Communication (JBTC)

International Journal of Human-Computer Journal of Technical Writing and

Studies (IJHCS) Communication (JTWC)

International Journal of Mobile Human SIGDOC Communication Design Quarterly*

Computer Interaction (IIMHCI)

Journal of Usability Studies (JUS) STC Technical Communication*

Personal and Ubiquitous Computing™ Technical Communication Quarterly*

SIGCHI Conference on Human Factors in Transactions on Professional Communication

Computing Systems (CHI) Proceedings (TransPC)

SIGCHI International Conference on Human- | SIGDOC International Conference on the

Computer Interaction with Mobile Devices Design of Communication Proceedings

and Services (MobileHCI) Proceedings (DOC)

*Note: These sources were eventually excluded due to lack of relevance of articles found.
When conducting initial searches of these publications, I used the following filtering
criteria in addition to the search strings described previously as a means of first-level criteria for
inclusion in this research:
e Year of Publication: 2013 - 2017
e Peer-reviewed article
e Available to access online (via Michigan State University)
e Written in English
After initial searches of the publications listed above, | found and accessed 248 articles.
At this stage, | read the abstract for each article to further ensure whether each was relevant to
my research (i.e., focused on a mobile evaluation specifically and discussed or described context
in some form) which led to a significant amount of exclusion of articles (especially for the
technical communication sources) that may have been focused more on theoretical frameworks

or mobile designs without the inclusion of an evaluation. After this round of selection, 63 articles



(Table 2) were determined to fit the criteria of this study across the different selected

publications.
Table 2. Publications and number of articles included in review.
Source Type Total 2013 2014 2015 2016 2017
IJHCS HCI 16 1 1 6 2 6
IJMHCI HCI 11 4 2 3 1 1
MobileHCI | HCI 9 1 3 2 3 0
HCI HCI 8 0 0 3 2 3
CHI HCI 8 2 4 0 2 0
JBTC TC 3 2 0 0 0 1
DOC TC 3 0 0 0 2 1
JUS HCI/UX |2 0 1 0 1 0
TransPC TC 2 2 0 0 0 0
JTWC TC 1 0 0 0 0 1

A combination of closed and open coding was used to allow for clear themes to be
evident and to allow for themes to emerge after data were collected. For example, the evaluation
setting of a study could be simply coded as field, lab, or both, whereas discussion of context
varied widely across publications and required the collection of descriptions for analysis after
data collection was completed. To address the research questions described previously, the
following data were collected from each publication to understand the types of methods being
used for mobile UX evaluations and how context is being described or considered:

e Methods used: What terminology is used to describe the overall study and/or the
methods used for the evaluation (excluding analysis methods such as affinity
diagramming or thematic analysis)?

e Evaluation setting: Lab, field, or both?



e Multiple: Are multiple studies/methods/phases described? Is quantitative or
qualitative data (or both) collected?

e Participants: What are the criteria or characteristics used for participants? How
many participants are included?

e Purpose: What is being tested or investigated in the evaluation? Are participants
given any introduction to what is being tested? (e.g., a trial run or tutorial)

e Devices: What type of device is used in the evaluation? Is this a testing or
personal device?

e Procedure: Is the evaluation moderated or observed or are participants on their
own? Do participants attempt specific tasks or is the focus on open use? Is a talk
aloud protocol used? What is the length of the study? What tools are used to
collect data or evaluate experiences, etc.?

e Context: How is context of use considered, defined, or discussed?

Overall, this study is limited to a focus on specific peer-reviewed journals and may be
considered more of an initial review to understand common practices across mobile UX research.
Additionally, the results included in this study are based on the descriptions of methods included
in publications by the authors and not on assumptions (e.g., evaluation setting was not always
specified). Further research is needed with a focus beyond the sources used in this study or peer-
reviewed journals to understand mobile UX research and the consideration of context within
practitioner spaces, and to understand what methods are being used to consider how technology

fits into and impacts our lives.
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Results

In the following section, results are described first by evaluation type (field, lab, both, or
unspecified) in regard to procedure including facilitation, tasks, length, and terminology used.
Nest, across all the evaluation types, study focus or purpose, devices used, participant
characteristics, and evaluation tools or techniques are described. Finally, results of how mobile
context of use is described or addressed are discussed.

Evaluation Type and Procedure

Across the 63 publications | analyzed, 106 studies were described (i.e., 30 publications
included multiple studies). Additionally, 57% of publications include multiple or mixed methods
within one study or across multiple studies described (e.g., combination of user studies,
interviews, focus groups, etc.); 7 publications specifically mentioned using iterative design
and/or testing processes and 4 publications described using participatory design methods and
stages. In terms of data collection, 60% of publications included both quantitative and qualitative
data, 22% included only quantitative data, and 18% included only qualitative data.

A comparison trend was also evident across the publications with 70% including some
type of comparison, most commonly involving different designs, modes, strategies, or design
processes. Other types of comparisons included: different groups, cultures, or countries; different
mobile devices, apps, or games; different platforms (e.g., mobile and desktop, digital and
physical); conditions using or not using an app; different ways to collect data (e.g., various diary
methods); different simulated contexts in a lab; and experiences after different periods of use.

For evaluation settings, both the majority of publications and the majority of specific
studies, across both human-computer interaction and technical communication sources, were

field studies (Table 3). The following sections provide further details for each study type.
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Table 3. Types of evaluations described in publications and specific studies.
Evaluation Publication (63) Study (106)
Setting Overall | HCIIUX |TC Overall | HCIIUX |TC
Field only* 65% 65% 67% 68% 69% 55%
Lab only 8% 9% 0% 14% 16% 9%
Both settings 14% 15% 11% 3% 2% 0%
Setting not 13% 11% 22% 15% 13% 36%
specified

*Note: Includes studies that are online, such as online surveys.

Field Studies. The 72 field studies included evaluations with varying levels of control by
researchers and were conducted in non-laboratory settings. As shown in Figure 1, over half of
the studies were conducted without a moderator or observer as participants were on their own in
their own environments for the research period. Without the presence of a researcher, a variety of

tools were used to collect data on a participant’s experience or behavior (see Evaluation Tools).

19%

o ‘
60%
T%
8%
User on Own (60%) Observation (8%) Moderated (7%) = Combo (6%) = Not Specified (19%)

Figure 1. Facilitation of field studies.
For studies that were moderated (e.g., researcher directly facilitated the session with a

participant) or observed (e.g., researcher only observed the user participating in the study), the
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evaluation setting was a location in which typical use occurs or is likely to occur for the focus of
the particular study (e.g., library, health club, classroom, museum, sports stadium, home, outdoor
city or campus environment, public cafe, etc.). “Combo” studies involved a combination of
observation and participants being on their own during the research.

As shown in Figure 2, most studies involved participants completing specific tasks given
or open trial use of a prototype such as a mobile application, system, or tool (e.g., participants
tried using the prototype or product over a specified amount of time and then reported on and/or
discussed their experiences with researchers). Smaller amounts of studies involved a
combination of open trial use as well as specific tasks, or focused on the investigation of “open
behavior” to understand a specific type of activity or technology/service usage within the

environment in which it occurs.

40%

40%

= Specific Tasks (40%) = Open Trial Use (40%) Open Behavior (11%) = Combo (9%)

Figure 2. Tasks/activity for field studies.
The terminology used to describe these studies and/or the main methods used for the

evaluation varied without much agreement or correlation with the procedure (e.g., facilitation,
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tasks, etc.). However, the terminology used by authors for these studies conducted in field
settings involved one or a combination of the following:

e Overall type of study or main method (e.g., empirical study, experiment, case
study, user-centered design study, user evaluation, participatory design study,
current use study, autoethnography, etc.)

e Environment (e.g., field, naturalistic, real-world, or home study, online study,
etc.)

e Purpose or length of study (e.g., explorative study, technical or feasibility study,
longitudinal deployment study, etc.)

e Type of data collection or analysis (e.g., diary or experience sampling method
study, qualitative and/or quantitative study, etc.)

Additionally, the length of these studies varied widely from a single session or first-time
use up to 2 years. The most common time frame described for these studies was either first-time
use or a single session/survey (either in-person or online), or a period of weeks, most commonly
over a period of 1 to 4 weeks (although this did not necessarily mean that participants were using
a prototype during every day of this time frame). Overall these different common ranges reflect
efforts of researchers across these studies to conduct research in field settings as first-time use
and also going further to research experiences over continued use periods.

Lab Studies. The 15 evaluations that were specified as laboratory studies were more
controlled in terms of the setting, facilitation, and the tasks or activity of participants. Most
studies did not describe much about the environment of a study beyond a controlled lab setting;
however, one study did involve the use of 3 simulated contexts using different setups and

background sounds (Seebode, Schleicher, & Mdller, 2014).

14



As shown in Figure 3, facilitation of research was not always specified, but moderation
was the only type of facilitation described for these studies. In addition, the majority of lab

studies involved participants completing specific tasks during the research (see Figure 4).

67%

= Moderated (67%) = Not Specitied (33%)

Figure 3. Facilitation of lab studies.

13%

7%
7%

= Specific Tasks (73%) = Open Tral Use (7%) = Open Discussion (7%) = Combo (13%)

73%

Figure 4. Tasks/activity for lab studies.
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Two studies involved combinations of specific tasks, discussion, and open trial use of a
prototype within focus groups. One study did involve open trial use of a prototype while also
being guided by a moderator, and one study involved open discussion with a moderator (e.g.,
reactions and feedback were given while moderator showed the prototype to a participant).

For lab studies, the length was limited to first-time use and/or single sessions (e.g., 3 of
the studies were focus groups or user forums). However, the range of terminology used to
describe these studies and/or the main methods used for the evaluation were similar to those used
for field studies:

e Overall type of study or main method (e.g., experiment, focus groups, user-
centered design study, usability evaluation, user forums, etc.)

e Environment (e.g., lab study, controlled study, etc.)

e Purpose of study (e.g., technical evaluation, etc.)

e Type of data collection or analysis (e.g., qualitative and/or quantitative study)

Both Field and Lab Settings. Of the 106 studies analyzed, 3 studies included both field
and lab conditions within the study. One of these involved focus group sessions with two
different types of groups (novices and experts) and one session conducted in-person in a lab
setting and one session conducted online via a mobile chat app (Zhang, 2017). The other two
studies involved experiments/user evaluations with conditions in both settings:

e one study included first-time use and specific tasks with one group participating
on their own in an outdoor city environment and another group participating via
simulated environment using virtual reality in a lab setting (Brade et al., 2017);

e and one study was conducted over 7 days with an initial moderated session that

with specific tasks conducted in a lab setting and then a continued trial in each
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participant’s home using the app/devices on their own (Lawson et al., 2013).

Evaluation Setting Not Specified. Sixteen of the studies did not specify the setting of
the evaluation (although for most it could be assumed that these were lab studies) and were
therefore not included within the preceding sections. Similar to lab studies, facilitation methods
that were specified were moderated, most of these studies involved participants attempting
specific tasks, and first-time use or interview sessions were the most common. The terminology
used to describe these studies and/or the main methods used for the evaluation were limited to
either the overall type of study (e.g., experiment, test sessions with users, case study, usability
testing, heuristic evaluation, user studies, test/evaluation, interviews, user-centered/participatory
design, UX agile project, etc.) or main method or the purpose of the study (e.g., performative
evaluation, qualitative study, etc.).

Study Focus, Devices, Participants, and Evaluation Tools

Across the 106 studies, I also collected data on what was being tested or investigated, the
types of devices used in the evaluation and whether these were testing or personal devices, the
characteristics or criteria given for participants, and the tools or techniques used to collect data
and/or evaluate experiences within a study.

Study Focus. The testing of mobile applications, systems, and/or tools was the focus of
over half of the evaluations, by far the most common focus across all of the studies. These
evaluations included navigation or information guides; methods for data collection such as diary
or lifelogging; learning or health-related tools; collaboration or crowdsourcing tools;
authentication or security tools or systems; games; mobile or video user interfaces; social
networking apps; tools for facilitating interactions across devices; and so on, with some

specifically mentioning focusing on context-aware apps.
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For 17% of the studies, behavior or perceptions related to a specific type of activity,
service, or technology was the focus of the study (e.g., use of various mobile devices and
technology, methods of locking/unlocking a mobile device, current use of a library, self-tracking
methods, etc.). A focus on designs or preferences was evident for 9% of studies (e.g., auditory
and haptic aesthetic appeals of different mobile casings and sounds, participatory design of
wellness activity gadgets and games, mobile infographics, etc.); 8% of studies focused on the use
of different gestures or input techniques with mobile devices; and 7% focused on different types
of messaging or mediums of communication, manuals, and content delivery methods.

Additionally, 19% of studies mentioned providing an introduction, instructions, or
guidance to participants regarding what they were testing; 19% described providing a
demonstration or tutorial to participants before starting; and 6% mentioned allowing participants
to explore or familiarize themselves with what was being testing before beginning tasks.

Devices Used in a Study. When mobile devices were used in a study, 42% mentioned
using testing devices (e.g., participants were given a testing device to use for the research versus
using their own device) and 28% mentioned having participants use their personal device for the
research. Additionally, for five studies participants had the option to use their personal device or
a testing device, for three studies participants used a personal smartphone as well as a testing
device such as a wearable, and one study mentioned providing participants with smartphones to
use for testing as their personal phone that they could keep after the research ended. For field
studies specifically, 47% of studies mentioned participants using personal devices when possible,
whereas only 6% of lab studies (or only one study) mentioned participants using personal

devices.
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Smartphones were the most common type of device used or focused on across all the
studies and when the type of smartphone was specified, Android smartphones were by far the
most commonly mentioned (66%) versus iPhones or Windows smartphones. Wearables or
sensors (e.g., smartwatches, Microsoft Kinect, Google Glass, etc.) were used in 15 studies, often
in conjunction or in comparison with smartphones used in the study as well. Similarly, desktop
or laptop computers were mentioned for 10 studies as platform comparisons within a study or as
part of a combined setup. Tablets were mentioned for 8 studies and nearly always Android
versions.

Participant Characteristics. The most common characteristics or criteria for
participants was representative experience or activity (53% of the studies) including: type of
device such as smartphones (16%); specific type of activity or usage (e.g., wellness management,
commuter, cloud storage use) (14%); specific job roles (e.g., rideshare drivers, developers) or
expertise (e.g., musical training, business background) (11%); experts and/or novices of a service
(6%); and visitors or customers (e.g., museum, library) (6%). (Note: Multiple types of participant
characteristics may have been described within a single study and therefore the overall frequency
distributions described for participants exceeds 100%.)

Additionally, disability or health conditions (e.g., visual impairments, functional
limitations, sleep conditions, etc.) were used as a focus and participant criteria (12%), as well as
focuses on a particular culture/country or comparison between cultures (e.g., China, Sweden and
Latvia, Finland and India, China and the United States, Uganda, etc.) (12%). A few studies
focused on age (e.g., seniors, children, etc.) (7%). However, specific characteristics or criteria

were not evident for 41% of the studies, as 29% described using a convenience sample (e.g.,
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university students, staff, and/or researchers, friends and/or family of researchers, or researchers
themselves) and 11% did not provide a description for participants.
Evaluation Tools/Techniques to Collect Data. A variety of tools and techniques (Figure

5) were used across the different types of studies to collect data and/or evaluate experiences
(based on what was mentioned by the researchers for a study). Across field, lab, and unspecified
studies, questionnaires (which were completed by participants before, during, and/or after the
main research) were the most commonly used tool for collecting data. For some studies, online
surveys were used as the main method or in conjunction with other methods.
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Figure 5. Tools/techniques used to collect data and/or evaluate experiences within a study.
Observation and diary and experience sampling methods were used exclusively for field

studies, and data logs or sensors were used for nearly half of these types of studies. Diary or

experience sampling methods involved answering specific prompts, providing subjective ratings

about experiences and other measures, and providing comments or other types of information
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either daily or directly after a specific use or activity (e.g., an app or message could prompt the
participant to answer the questions each time) to gain contextual data over a specified period of
continued use, such as a week. The use of data logs or sensors involved the collection of usage
data (inputs, interactions, time to respond, system/web logs, etc.) of a specific device, system, or
tool, behavior/specific activity data, and/or contextual data (e.g., GPS, environmental, and
mobility data) via mobile apps for data logging and sensors of mobile smartphones or wearables.
This type of data collection was also used by approximately a quarter of the other types of
studies.

Interviews were most often used as a complement within studies, such as for when
participants were on their own for most of the research. “Discussion” refers to studies that
involved focus groups or user feedback sessions that were not task focused. Video and audio
recordings were more often used in a lab setting to collect data. The collection of photographs,
which was mentioned infrequently, involved a wearable camera that automatically took
photographs or participants submitting photographs they took based on specific prompts (e.g.,
photo diary). Additionally, across all the types of studies, the use of a talk aloud protocol was
typically not mentioned.

Mobile Context of Use

As described earlier, frameworks of context (Table 4) have been developed as a means to
understand how context can be considered and how to plan and conduct UX research that
considers the dynamic nature of mobile technologies. In addition, a push for considering or
expanding the consideration of local, cultural, global, technological, and psychological
experiences of users has been described (Sun, 2012; Meloncon, 2017). Using these frameworks

and considerations as guides, | reviewed how researchers were describing context, such as
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through the purpose and setting of their study, and through the types of methods used and types

of data collected to understand the context of use of participants.

Table 4. Mobile context frameworks or models.

“A Contextual Usability Framework for a
Mobile Computing Environment”

(Coursaris & Kim, 2011)

“A Model of Context of Use in Human-
Mobile Computer Interaction”

(Jumisko-Pyykkd & Vainio, 2010)

Environment:

e Physical (Auditory, visual, co-
location, experiment type)
e Psychosocial or social conditions

Physical:

e Spatial location, functional place, and
space

e Sensed environmental attributes

e Movements and mobility

e Artefacts

e Realism: Open (user defines outcome)
vs. Closed (pre-defined outcome or

goal)
e Task descriptions (open/unstructured)

User: Social:
e Demographics/culture e Persons present
e Knowledge/experience/self-efficacy e Interpersonal actions
e Perception/cognitions e Culture
e Emotional/psychological context
Task/Activity: Task:

e Multitasking
e Interruptions
e Task type

Technology:

e Device type
e Interface - Input mode

Technical and Information:

Other systems and services
Interoperability

Informational artifacts and access
Mixed reality

Temporal:

e Duration

Time of day/weeks/year
Before - during — after
Actions in relation to time
Synchronism

Environment or Physical Context. Across the different types of studies, 71% were

described as being conducted in an actual physical environment of use or behavior, or an
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environment or semi-naturalistic setting of likely use or behavior (e.g., in a specific public cafe
or while walking a specific route outdoors or indoors), thereby specifically considering this type
of context to resemble real use as much as possible. The rationale for field studies often involved
a discussion of the importance of realistic or uncontrolled environments without constraining
users and “testing in ecologically valid contexts over sufficient periods to face real-world
challenges” (Panéels, Olmos, Blum, & Cooperstock, 2013, p. 2107). Also, two of the lab studies
included simulated field settings (e.g., use of virtual reality to simulate outdoor setting and
simulating bar, office, and lab contexts using background sounds and props). Across the
publications, 54% included at least one study with participants on their own, and for the field
studies specifically, 60% involved participation in the research without the presence of a
researcher (i.e., allowing the user to participate in their context of use without researcher
disruption). For these “user on own” studies, 79% involved open trial use of an app, system, etc.
or open behavior of participants instead of the restriction to only specific tasks (i.e., allowing for
a broader range of usage and activities by the user).

The use of data logs and sensors, most often via the functionalities of mobile devices or
the addition of a specific application, was also evident to collect contextual environmental and
location data, as well as usage data such as activities, inputs, and so on. Overall, 52% of the
publications included at least one study that used this type of contextual tool, although studies
varied on the range of data collected (e.g., Filho, Prata, & Oliveira (2016) described collecting
data on a user’s location, movement status, weather conditions, data connection availability, and
spontaneous facial expressions in context).

Additionally, focusing on context-awareness was a trend evident across the publications

(35%) either through evaluating a context-aware application or product (e.g., Micallef, Just,
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Baillie, Halvey, & Kayacik (2015) evaluated a context-sensitive screen locking application that
determined when to require a user to unlock their phone based on their context of use and
preferences set by the user) and/or trying to understand how use can differ by context in relation
to a design or product or in relation to collection of data (e.g., context-triggered experience
sampling methods).

User or Social Context. In terms of user characteristics, 53% of the studies used
representative experience or activity as the criteria for the participants, including experience with
a specific type of mobile device, job role, or service, or as a visitor or customer (e.g., of a
specific museum). However, few studies included or mentioned other types of characteristics,
such as including a range of experiences, background, or use; different user groups (e.g.,
different cultures or novices and experts); a particular culture or country or comparison between
cultures; disability or health conditions; or various age ranges. Several studies that focused on
cultural contexts described the need for considering how well Western methods may be
appropriate (or not), such as differences across cultures in how comfortable participants may be
speaking aloud or giving criticism of a product (e.g., Jonsson et al., 2016; Rau et al., 2015; Sim,
Read, Gregory, & Xu, 2015; Sun, May, & Wang, 2017; Zhang, 2017). Additionally, 29% only
described using a convenience sample (such as university students) and 11% did not provide a
description of their participants.

Across all types of studies, questionnaires were mentioned by 51% of studies and used
before, during, and/or after usage as a means to collect data from users regarding knowledge,
perceptions, experiences, and/or satisfaction/emotion, although the types of questionnaires or
questions used were not always described. For field studies in particular, the use of

questionnaires, diary or experience sampling methods, and/or online surveys were mentioned for
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74% of studies. Diary or experience sampling methods involved asking participants to answer
specific prompts or questions either just after a specific activity or use of a device or service,
once a day, or after receiving a message or prompt at random. The use of these types of
contextual tools can allow for collecting data in the moment and across continued use while also
aiming to avoid interrupting a participant incessantly.

Task/Activity Context. The types of tasks or activities described across the different
types of studies was somewhat limited with 51% involving participants attempting specific tasks,
28% including open trial use, 9% focusing on open behavior, and 9% including a combination of
these previous types. However, 71% of studies did involve a field setting that allows for the
inclusion of a real-world or quasi-real life setting, which could include multi-tasking (such as
movement or other activities while using a mobile device) and potential interruptions similar to
everyday life.

Various tools such as questionnaires, diary or experience sampling methods, or data logs
and sensors could be used to collect data on different types of activities, impacts of interruptions,
attention patterns, distracting contextual factors, and so on (e.g., Beja, Lanir, & Kuflik, 2015;
Grandhi & Jones, 2015; Schroder, Hirschl, & Reichl, 2016). Diary or experience sampling
methods (e.g., Chang, Paruthi, Wu, Lin, & Newman, 2017; Hernandez, McDuff, Infante, Maes,
Quigley, & Picard, 2016; Rapp & Cena, 2016; Sun, Golightly, Cranwell, Bedwell, & Sharples,
2013) are useful for collecting data on behavior in real time and in context, although a balance
was often discussed between considering preferences and providing some control to participants
to avoid too much interruption and to fit their everyday situations, as well as the potential for
possible missing data based on selective reporting or the perceptions of the participants. In

addition, some studies looked at activities and context settings to understand connections and
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multi-activity, such as the use of mobile device screen capture data and a wearable camera to
capture the actual situations or contexts of use and the types of activities engaged in, as well as
allow for synchronizing with the user’s interactions with the mobile device (e.g., Licoppe &
Figeac, 2017).

Technology or Technical/Information Context. Overall, the inclusion or option to use
personal devices during the research was more common for field studies (47% of these studies)
versus only 28% across all of the different types of studies. In addition, the types of devices used
(either testing or personal) was heavily Android across the different types of studies and only 12
studies focused on a comparison or interaction between mobile devices, most often involving
smartphones and wearables such as smartwatches (e.g., Braga Sangiorgi, 2014; Chattopadhyay,
Salvadori, O’Hara, & Rintel, 2017; Chen, Grossman, Wigdor, & Fitzmaurice, 2014; Sun,
Golightly, Cranwell, Bedwell, & Sharples, 2013), demonstrating a lack of focus on these types of
interactions and use of different types of devices.

Temporal Context. Across the publications, 46% included at least one study conducted
over a period of at least 1 to 4 weeks, showing some evidence of a push towards studies focused
on use over a period of time. However, across all of the studies, 58% involved first-time use or
1-2 sessions (which includes studies that primarily used focus groups, interviews, or online
surveys) and 26% were conducted over a period of weeks. For field studies in particular, this
range was less drastic with 43% involving first-time use and 36% being conducted over a period
of weeks, with between 1 to 4 weeks as the most common time frame. As described previously,
data logs or sensors were used to collect usage data, which often included time of day and
duration. Questionnaires and diary or experience sampling methods were also used to collect

data before, during, and/or after use.
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Including at least one phase or study in a series that is at least semi-longitudinal allows
for time to understand contexts of use, activity and behavior, different types of technology use,
and so on. For example, pilot or controlled studies can be used to test specific variables and
ensure feasibility of a product or study in an earlier phase, and a longitudinal field study
conducted over weeks allows “for a reliable estimation of users' evaluation of a product or
service in the long run, [as] it is critical that users have time to familiarize themselves with it and
[that] they have gained experiences of it in varied situations” (Kujala, Mugge, & Miron-Shatz,

2017, p. 58).
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Discussion & Conclusion

The results of this study demonstrate a shift from the findings of Coursaris and Kim
(2011) and are a further demonstration of researchers moving into the wild and the consideration
of environmental or physical context of use, as the use of field settings was evident either across
all the studies included in a publication or at least as one of the studies within a publication, with
varying levels of control within a setting outside of a lab. Additionally, for field studies, the
majority were also conducted with participants on their own, allowing for more realistic behavior
without the presence of a moderator. Although the use of specific or closed tasks was still
common across the different types of studies (as found by Coursaris & Kim, 2011), field studies
did represent a shift toward more realistic use with 40% involving open trial use and nearly half
involving participants using personal devices, if possible.

In terms of length of a field study and temporal context, there was some evidence of the
push toward longitudinal use (as recommended by Kjeldskov & Skov, 2014), although it was
most common for these studies to either involve first-time use or to involve semi-longitudinal
use (e.g., most commonly between 1 to 4 weeks) to understand how technology fits into people’s
lives; some studies also included a demonstration or trial use before testing even began.
However, similar to Coursaris and Kim (2011), the most common type of user characteristics
involved representative experience or activity and over a quarter used convenience samples,
demonstrating a lack of inclusion of a range of characteristics or user/social contexts (e.g.,
culture, abilities, ages, etc.).

Questionnaires were the most commonly-used type of tool to collect data across the
different types of studies, and data logs or sensors were used across the different types. For field

studies, diary or experience sampling methods, as well as data logs or sensors, were used as a
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form of observation at times, often in conjunction with interviews and questionnaires, to collect
data on the perspectives and behaviors of users in context over continued usage. Through the use
of these various tools and open trial use or open behavior in the field, researchers can also collect
data on multi-activity, typical interruptions or distractions, and potentially the use of different
technologies or cross-device activity (although this type of context was not described often).

Multiple methods were also commonly used either across different studies within a
publication or within one study, similar to the findings of Coursaris and Kim (2011). Including a
variety of methods, such as the use of both lab and field settings, first-time use and continued
use, and moderated and “user on own” setups across different studies in a process, showcase
ways to use varying levels of control and consider different types of context (i.e., one type of
study design may be unable to capture such a range of useful findings). Several publications also
demonstrated a focus on considering how to provide or increase control or personalization
options for users, such as a means to reduce interruptions or burdens on users. (e.g., looking at
ways to make technology more flexible and allow for more customization to individual needs
and adaptation across different types of contexts or situations for the user).

Additionally, at times, cultural differences were considered to determine or customize
study design (e.g., whether use of a think aloud protocol was applicable). Determining relevant
metrics beyond traditional usability focuses of efficiency, effectiveness, and satisfaction was also
observed: “Depending on the experience that is of interest, methods and metrics need to be
designed to capture that experience—for example, if the objective of the evaluation were to
measure fun, then metrics would be required to capture fun” (Sim et al., 2015, p. 268).
Therefore, this flexible or customization approach (e.g., one side does not fit all) was evident in

relation to a focus on research methods being used based on the goal of each study or phase of a
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study (e.g., concept validation in a lab, observation of user behavior in context, longitudinal
deployment with users on their own in their everyday lives, etc.) and a further example of
broadening research to overall user experiences and beyond.

Overall, a turn to the “wild” or field settings and a broadening of UX mobile research and
contextual considerations is evident through this systematic review through a push to be more
open and less controlling, conducting research in dynamic environments of use over semi-
longitudinal time periods, and the use of a range of methods and tools based on the goals and
context of each study to allow for greater understanding of impacts and performance. However,
further research and consideration are needed for the inclusion of a broader range of experiences
and user/social contexts to continue to understand and meet the needs of humans and their ever-

expanding and evolving technological ecosystems.
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