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Abstract

The concept of conducting ecologically valid user studies is gaining traction in the field of Quality of Experience (QoE).
However, despite previous research exploring this concept, the increasing volume of studies has made it challenging to
obtain a comprehensive overview of existing guidelines and the key aspects to consider when designing ecologically valid
studies. Therefor this paper aims to provide a systematic review of research articles published between 2011 and 2021 that
offer insight into conducting ecologically valid user studies. From an initial count of 782 retrieved studies, a final count of 12
studies met the predefined criteria and were included in the final review. The systematic review resulted in the extraction of
55 guidelines that provide guidance towards conducting ecologically valid user studies. These guidelines have been grouped
within 8 categories (Environment, Technology, Content, Participant Recruitment, User Behavior, Study Design, Task and
data collection) overarching the three main dimensions (Setting, Users and Research Methodology). Furthermore, the review
discusses: the flip side of ecological validity, the implications for QoE research, as well as provides a basic visualisation
model for assessing the ecological validity of a study. In conclusion, the current review indicates that future research should
address more in detail how and when research approaches characterized by high ecological validity (and correspondingly,
low internal validity) and those characterized by low ecological validity (and normally high internal validity) can best
complement each other in order to better understand the key factors influencing QoE for various types of applications, user
segments, settings. Further, we argue that more transparency around the (sub)dimensions of ecological validity with respect
to a particular study or set of studies is necessary.

Keywords Quality of experience (QoE) - Influence factors - Ecological validity - External validity - Guidelines - User
experience (UX)

- : Introduction
P4 Sruti Subramanian

sruti.subramanian @ntnu.no
Over the last decade, there have been several attempts to

Katrien.demoor@ntnu.no broaden the theoretical understan(.iing of Qua'lity of Exper%-
. ence (QoE) from a narrow, Quality of Service (QoS)-ori-
Markus Fiedler o .
markus. fiedler@bth.se ented to a more holistic and human-centered perspective.
The latter acknowledges the highly subjective, dynamic
and layered nature of technology users’ experiences and the
quality of these experiences. In [1], QoE has been defined
as “the degree of delight or annoyance of a person whose
experiencing involves an application, service, or system.
Department of Information Security and Communication It results from the person’s evaluation of the fulfilment of
Technology, Norwegian University of Science his or her expectations and needs with respect to the util-
and Technology, Trondheim, Norway . . . . ,
ity and/or enjoyment in the light of the user’s context, per-
sonality and current state”. This definition goes beyond the
previously common, more utilitarian approach to QoE. It
explicitly emphasizes the importance of positive emotions

Katrien De Moor

Kamil Koniuch
koniuch@agh.edu.pl

Lucjan Janowski
lucjan.janowski@agh.edu.pl

Department of Technology and Aesthetics, Blekinge Institute
of Technology, Karlskrona, Sweden

Department of Electronics and Telecommunications, AGH
University of Science and Technology, Krakow, Poland

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s41233-023-00059-2&domain=pdf
http://orcid.org/0000-0001-6286-9789

6 Page2of17

Quality and User Experience (2023) 8:6

such as delight and enjoyment—which have been linked to
the fulfillment of hedonic needs in psychological literature
(see e.g., [2])—as a desired outcome. By equaling QoE to a
dynamic affective state (degree of delight or annoyance), its
transient and relative character is fully recognized. It also
implies a willingness to investigate and understand how
experiencing of technological artefacts involves and moves
people emotionally [3].

It is furthermore acknowledged that a range of complex
and strongly interrelated factors may influence QoE. In [4],
these have been classified into:

1. Properties at the human level, some of which may have
a dynamic character, whereas others are dispositional or
are relatively stable over time

2. Factors at the level of the system and which may be
content-, device-, network- and media-related

3. Factors related to the context (3) also need to be con-
sidered, since human experiences do not take place in
a vacuum. The latter may relate to the physical, social,
economic, task-related and temporal context [4, 5]

This more holistic perspective on QoE represented a funda-
mental step forward for the field. At the same time however,
it entails important implications and challenges for QoE
research, for instance in terms of measurement approaches,
operationalisation of influence factors and used research
settings. In this regard, Ecological validity—the extent to
which study/experimental findings can be generalized to
real world situations—is largely gaining interest within the
QoE community [6-8]. Traditionally, QoE experiments take
place in a controlled and artificial laboratory setting in which
one or a set of factors are isolated, so that the influence and
weight of specific factors on QoE can be quantified while
guaranteeing the internal validity of the findings. The latter
refers to the plausibility that “there is a causal relationship
between treatment and outcome” [9], e.g., between the delay
level and Mean Opinion Scores (MOS) in a QoE experiment.
However, this also means that the human subject and the
experience is taken out of the natural, real world environ-
ment and that ground truth data are collected in research
settings characterized by a low ecological validity [9]. The
concept of ecological validity is especially crucial when con-
ducting studies with human participants and focusing on
their subjective experiences. In this regard, findings obtained
from studies conducted with low ecological validity are
more difficult to generalize as they may not be representa-
tive of the real world and may fail to capture natural user
behavior [10].

Over the last years, several researchers have therefore
made a plea to explore approaches that aim to study and
understand QoE also in more natural, real-world contexts
(see e.g., [6-8]). Approaches and paradigms outside of the
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lab have therefore gained more prominence, which is also
reflected in the increasing number of studies that investigate
QoE outside of the artificial lab setting. For instance, this
has been done through crowd-sourcing studies [11], living
lab studies [12] and studies combining traditional lab and
field-based approaches [13].

Hence, the notion of conducting ecologically valid user
studies has gained popularity in fields such as QoE [11, 14],
and Human-Computer Interaction (HCI) [15-17]. In the
context of QoE, ecological validity becomes particularly sig-
nificant as it focuses on assessing the quality and usability of
technologies, services, or systems as they are used in every-
day life, also aiming to capture the subjective experience of
users, considering various factors such as perception, emo-
tions, cognition, and context. In this respect, previous studies
[7, 8, 10] have explored the concept of ecological validity
in experimental design. However, with the growing body
of research it has become increasingly difficult to obtain an
overview of existing guidelines and the various aspects to
consider when aiming to design ecologically valid studies.
Furthermore, the concept of ecological validity currently
fails to provide objective criteria for experimental design
which additionally exacerbate the challenge [18]. Therefore,
despite the increasing attention and need for designing eco-
logically valid studies, there is currently limited understand-
ing of how to design ecologically valid studies and which
dimensions are particularly important in this respect.

The overall aim of this study is therefore to synthesize
and provide a systematic overview of existing guidelines for
conducting ecologically valid QoE user studies. In addition,
based on these guidelines, we propose a basic visualisation
model that QoE researchers can adopt to map the ecological
validity of their user study in terms of various dimensions.
More concretely, the study is based on a systematic literature
review (SLR) and involved:

e Mapping of Relevant Studies: First, we mapped existing
studies that provide guidelines for conducting ecologi-
cally valid studies within the fields of QoE and HCI.

e  Grouping of the Extracted Guidelines: Next, based on
relevance the extracted guidelines were coded and cat-
egorized into different dimensions and corresponding
categories.

e Providing a Basic Visualisation Model for Assessing
Ecological Validity: Based on the identified dimensions
and the corresponding categories the guidelines were
grouped into, we provide a basic visualisation model for
assessing the ecological validity of a given study design.

The article is further structured as follows. Section 2 pro-
vides background and insight into related work. Next, Sect. 3
describes the research methodology opted. The results are
then presented in Sect. 4, and Sect. 5 provides a discussion
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of the main findings. Finally, the conclusion is presented in
Sect. 6.

Background

The evaluation of different types of validity, i.e., how accu-
rate (in terms of study design, execution and analysis) are
the results of a certain study, is a key pillar in scientific
research [9]. Validity should be distinguished from the
aspect of reliability i.e., how stable and consistent is what
has been measured and would the same results be obtained
if the same procedure and conditions would be repeated?
Reliability is therefore more strongly linked to reproduc-
ibility, and can be threatened by various aspects, e.g., par-
ticipant or observer bias or different types of error [9]. For
example, in a classical ACR (Absolute Category Rating)
study measuring compression, we have two main variables:
the opinion score O and the compression ratio X. While
validity refers to the extent to which O reflects the user’s
QOoE, reliability reflects the consistency and stability of the
results O in relation to X.

Studies based on an experimental paradigm typically have
a strong focus on aspects that are related to their internal
validity. If it is plausible that the experimental manipulation
or treatment in a study caused the observed change in the
dependent variable(s), the internal validity is usually con-
sidered high [9]. However, there are many possible threats
(such as, participant bias) to this internal validity that need
to be taken into account [19].

After conducting a lab-based experimental study, a logi-
cal question to address is to which extent the obtained results
are generalisable. The external validity or generalisability of
laboratory studies is typically very low, as the results apply
to the specific test and lab conditions that were used [9].
In the context of QoE studies, which are heavily guided by
recommendations issued by the International Telecommu-
nications Union (ITU) (see [20] for an overview of relevant
recommendations per application area), the lack of eco-
logical validity has repeatedly been put on the agenda [13,
21-23]. In response to this observation, new methodological
approaches have been suggested and tried out over the years.

For instance, in [24], living lab approaches were proposed
as a way to bridge the gap between the lab and users’ natu-
ral environment. While such “in the wild” studies were con-
ducted in the last decade, they come with distinct challenges
(e.g., privacy and user consent, low samples and participant
drop-out, noisy data and challenging data analysis,...). Other
approaches went fully away from the experimental test design
and focused for instance on evaluating QoE in a home setting
and thereby better integrating the daily life context into the
evaluation of QoE [25, 26]. While these studies were consid-
ered as highly disruptive and novel, they did not trigger the

intended methodological renewal and did not result in new
recommendations for QoE studies.

Yet another body of work focused more on improving
the ecological validity of experimental studies in the lab, for
instance by using more immersive test paradigms which ensure
participants view realistic content without any repetition [23].
The latter avoids e.g., to repeat content or to use meaningless
test stimuli in order to avoid that users loose focus and get
bored. Other strategies that have been proposed in this respect
include the use of dedicated measures to keep participants’
attention high (e.g., by adding an engaging task) [22, 23]. A
more recent effort [14] used a gamification-based approach
to increase the ecological validity of subjective lab studies.
More concretely, the authors designed a 5-minute mixed-real-
ity escape room game to investigate several dimensions (i.e.,
arealistic stimulus, a tailored response measure and a realistic
research setting) of ecological validity in the context of Mixed
Reality interaction technology QoE [14].

Finally, as a more hybrid approach, crowdsourcing has
gained momentum over the last decade [27, 28]. While
crowdsourcing primarily can help to make subjective testing
more resource-efficient and can help to overcome some of the
typical challenges associated with lab testing (e.g., typically
lower number of participants and recruitment challenges, lack
of population diversity and bias in participant profiles) [29],
it also comes with a set of challenges that need to be properly
addressed in the study design and data analysis. For instance,
as in field studies, the experimenter has a much lower degree
of control over the participants than in a lab setting [29]. Fur-
ther, reliability of workers, strategies to detect unreliable par-
ticipants and appealing task design are of crucial importance
[29, 30].

However, despite these and other approaches that have
been proposed in the literature and that address the challenges
related to ecological validity of QoE studies, there is still a lack
of shared guidelines and recommendations on how to conduct
subjective studies in a more ecologically-valid way [22]. In
addition, to the best of our knowledge, there is no common
instrument to report on the ecological validity of a study. Such
an instrument would allow to situate and classify individual
studies in terms of their ecological validity on different dimen-
sions and could help with the interpretation of the results, iden-
tification of blind spots in the literature and triggering of more
awareness around internal vs. external validity trade-offs. The
work presented in this paper aims to make a contribution in
this overall direction.

Methods

Systematic literature reviews (SLRs) clarify the state of
existing research and the corresponding implications that
should be drawn [31, 32]. As defined by Fink (2005) [33]
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a systematic literature review is: “a systematic, explicit,
[comprehensive,] and reproducible method for identifying,
evaluating, and synthesizing the existing body of completed
and recorded work produced by researchers, scholars, and
practitioners” (pp. 3, 17).

To gain a better overview and understanding of relevant
studies that have provided insight into conducting more eco-
logically valid studies, we performed a systematic literature
review of existing research. By following clearly defined
protocols and predefined criteria to search through existing
research we were able to identify 55 recommendations and
rationales provided in the literature to perform more eco-
logically valid studies. The entire procedure opted including
databases and search terms, selection process, and analysis
is described in the following sections.

Databases and search terms

The papers included in this review were retrieved on 27
August 2021 from four main databases: ACM, IEEE, Web
of Science, and Scopus. The search string used to retrieve
the studies from the various databases was constructed itera-
tively, as it was identified that a variety of terminologies are
used to denote the same concept. Considering that the aim
of this review was to identify recommendations to conduct
more ecologically valid studies within the domain of QoE
and User Experience, multiple keywords related to the dis-
tinct categories of recommendations, ecological validity,
research setting, and domain were used. Despite limiting
the domain to QoE and HCI, a wide variety of recommenda-
tions from studies corresponding to various sub and super
domains were identified. The final query including boolean
operators (AND, OR) and truncations (denoted by an aster-
isk) can be found in Appendix 1. The syntax of the query
was further adapted to the specific format of each database.

Selection process

In addition to the search string, specific inclusion and exclu-
sion criteria were used as a part of the selection process (see
Table 1).

The database search identified a total of 782 studies. From
the initial corpus, removing duplicates, non-English articles,
non-peer reviewed articles, extended abstracts/short papers,
books, dissertations, and articles older than 10 years (101
studies) resulted in a total of 681 studies. These 681 studies
further went though the second phase of title and abstract
screening to identify articles providing recommendations for
conducting ecologically valid studies either as key or sup-
plementary contributions, thereby eliminating 587 articles.
The remaining 94 studies were assessed in full-text, resulting
in a total of 12 studies that were included in the review. For
example, studies which claimed to provide relevant insight
in the abstract but which did not follow through in provid-
ing concrete recommendations in the body of the text were
eliminated during this phase. Additional studies were also
eliminated based on the inclusion/exclusion criteria in this
phase. The final corpus was obtained by following the rigor-
ous approach as presented in. Figure 1.

The 12 studies included in the final review were read in
full by all the authors. As previously mentioned, studies that
not only offer explicit recommendations but also those which
provide any relevant insight into conducting ecologically
valid studies were included in the review. For instance, Maki
et al. (2013) [34] do not provide any explicit recommen-
dations. Rather, the article provides insight on differences
identified between conducting studies within the lab and in a
public setting. This article was further included in the review
because of its relevance. Table 2 presents the list of final
studies included in the review and the corresponding scope
of the studies.

Analysis

Data on the studies’ scope, aim, recommendations, and
rationale for the recommendations were extracted. These
findings are presented in Tables 3, 4, 5, 6, 7, 8, 9, 10 within
the Results section. The recommendations and rationales
provided in the individual studies were iteratively coded for
themes using an open coding approach by the first author.
With each review article, codes were consistently created,
removed, renamed, and rearranged to accommodate rele-
vance and readability.

Table 1 Inclusion/exclusion
criteria

Inclusion criteria

Exclusion criteria

Articles providing recommendations to conduct ecologically valid studies as

Non-english articles

either key or supplementary contribution of the article

Non-peer reviewed articles
Extended abstracts

Short papers

Books and dissertations
Articles older than 10 years
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Removed
duplicates/non-peer Excluded based on Excluded based on
reviewed, non-English title/abstract inclusion criteria
articles N=587 N=82
N=101
Studies retrieved from Included for title and Full text Studies included in the
database search abstract review assessment review
N=782 N=681 N=94 N=12
Fig. 1 Flow chart of the study selection
Table 2 List of studies included in the review Setting
Study Scope o . . o .
This dimension comprises of all guidelines corresponding to
Lew etal. (2011) [35] HCI the study set up and comprises of categories: Environment,
Maki et al. (2013) [34] QoE Technology, and Content.
Staelens et al. (2014) [36] QoE
Maguire and Renaud (2015) [37] Security Environment
Robitza et al. (2015) [23] QoE
Robitza et al. (2016) [38] QoE The category of environment groups the guidelines that refer
Robitza and Raake (2016) [39] QoE to the environmental aspects of a study (see Table 3).
Mottelsen and Hornbeek (2017) [40] HCI

Blum et al. (2018) [41]
Labonte-LeMoyne et al. (2018) [42]

Vibrotactile haptics

Physiological computing

Dole and Ju (2019) [10] HCI
van Berkel et al. (2020) [43] HCI
Results

Based on the iterative coding that was performed (as
described in Sect. 3), the identified guidelines for conducting
ecologically valid studies were classified into 8 categories:
Environment, Technology, Content, Participant Recruitment,
User Behaviour, Study Design, Task and Data Collection.
These categories were grouped within three main dimen-
sions: Setting, Users, and Research Methodology. The three-
dimensional classification of the guidelines comprising the
various categories are illustrated in Fig. 2.

The following sections provide an overview of the
extracted guidelines. The various categories of guidelines
are presented within the three main overarching dimen-
sions, i.e., Setting, Users, and Research Methodology.
Furthermore, the 8 different categories of guidelines are
presented within separate Tables 3, 4, 5, 6, 7, 8, 9, 10).
While the extracted guidelines are from studies within dif-
ferent scopes (e.g., HCI, QoE, Security, physical comput-
ing and vibrotactile haptics), the guidelines are generic
and applicable to a variety of studies.

Maki et al. (2013) [34] and Labonte-LeMoyne et al.
(2018) [42] suggest guidelines related to the environmen-
tal aspect of conducting a study. As compared to con-
ditional lab environments, the real world is filled with
background noise, such as people talking for instance.
Similarly is the case for variable illumination in the real
world as compared to lab setups as pointed out by Maki
et al. (2013) [34]. Labonte-LeMoyne et al. (2018) on the
other hand suggest that in-lab simulated environments
can be more conclusive than field studies, taking into
consideration the complexities and cost of natural settings
versus that of a simulated environment. Lew et al. (2011)
[35] state the need for realism in the the overall setting, as
the authors claim that lack of realism can indicate to the

Settl lears Research
eting Methodology
. Participant -
Environment
Recruitment Suugy Design
Technology User Behavior Task
Content Data Collection

Fig.2 Classification of Guidelines

@ Springer



6 Page6of17

Quality and User Experience (2023) 8:6

Table 3 Guidelines for environment

Environment

Study Scope Recommendation Rationale

Maki et al. (2013) [34] QoE Consider background disturbance (people As compared to conditioned background in
discussing, working etc.) lab experiments

Maki et al. (2013) [34] QoE Consider variable illumination As compared to controlled illumination in lab

experiments

Maki et al. (2013) [34] QoE Consider the audio disturbance caused by As compared to no audio disturbance in labs
other people

Maki et al. (2013) [34] QoE Consider that participants are surrounded by As compared to Full privacy in labs

other people
Labonte-LeMoyne et al. (2018) [42] Physiologi-

in-lab simulated environments can be more

Everyday-life context should be integrated
in subjective video quality experiment.

Considering the complexities and costs of
naturalistic vs. simulated environments

Participants provide inauthentic responses
which are only observed in lab settings

Subjects are placed in a more ecologically
valid testing environment

E.g., as in the current study by going to
the people’s home and letting them watch
the video sequences on the tablet device in

Include key structural conditions from the

Consider the larger context in which the
device is evaluated and construct user
goals around this to construct scenarios
which encompass device use from start

Doing so will produce mundane and likely
experimental realism in the minds of par-
ticipants

Presenting participants with rigid tasks
containing a single start- and end-point
unrepresentative of a real-world experience
is a pitfall

cal com- conclusive than going in situ
puting
Lew et al. (2011) [35] HCI Conduct studies in a realistic setting
Staelens et al. (2014) [36] QoE
their typical home environment
Dole and Ju (2019) [10] HCI
real world into the lab
van Berkel et al. (2020) [43] HCI
to finish
van Berkel et al. (2020) [43] HCI

requirements

Ensuring contextual realism while account-
ing for patient safety and study design

Evaluating the device in isolation without
consideration of the environment in which it
will be used is a common pitfall

participants that they are being tested. The authors also
indicate the need to conduct studies in a more realistic
setting as increasing this parameter of realism on all lev-
els provides participants with a more authentic and life-
like perspective thereby increasing the overall ecological
validity of a given study.Furthermore, lack of realism in
the setting may persuade participants to provide inauthen-
tic responses or behaviors that are not observed outside
the laboratory setting. Several of the studies highlight the
need for contextual realism [10, 36, 43]. More specifi-
cally, Staelens et al. (2014) [36] suggest the need to inte-
grate everyday life context such as going to participants’
home, or including key structural conditions from the real
world to the lab setting [10]. Similarly, van Berkel et al.
(2020) [43] suggest taking into consideration the larger
context in which device or technology is evaluated, since
unrepresentative real world experiences represent a pitfall
in terms of conducting ecologically valid studies.

@ Springer

Technology

The guidelines corresponding to the technological aspect
of conducting studies are grouped within this category as
seen in Table 4.

Based on studies conducted in a lab and a public set-
ting (i.e., an exhibition hall), Maki et al. (2013) [34] offer
insight into the difference in screens used for both types of
studies. The authors indicate that while in a lab environment
an external monitor is used, in the real world participants
would use their own laptop screens which should be taken
into consideration. Maguire and Renaud (2015) [37] further
suggest ensuring that the technology/application being tested
exists beyond the evaluation period, as users may come to
depend on it or the ecology supporting it. Different tech-
nologies, even different models of technology have a slight
difference in simple variables such as speed, accuracy and
throughput which should be taken into consideration to also
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Table 5 Guidelines for content

Content
Study Scope Recommendation Rationale
Robitza et al. (2015) [23] QoE  Ensure subjects don’t have to see the same content Proven to be a valid means to make subjective
twice studies more enjoyable, and ecologically valid
Robitza and Raake (2016) [39] QoE  Let people freely decide what to watch increases their intrinsic motivation
Robitza and Raake (2016) [39] QoE  Ask about the content itself instead of the quality  Increases extrinsic motivation to focus on content
instead of quality
Staelens et al. (2014) [36] QoE  Show longer duration of audio/visual content. Content duration influences users QoE
E.g., in the current study the videos were 2 mins
long
Lew et al. (2011) [35] HCI  Consider realism in the content of an interface Despite using realistic technology, users may feel
the system is fake if it doesn’t generate appropri-
ate content
Robitza et al. (2015) [23] QoE  Provide realistic stimuli, both in terms of content It is more realistic and more likely to trigger realis-

and length, and overall enjoyable viewing
experiences

tic user responses

Table 6 Guidelines for participant recruitment

Participant recruitment

Study Scope Recommendation Rationale
Mottelsen and Hornbak (2017) [40] HCI Pre-screen participants for the technology to avoid recruiting unqualified (based on
accessible to them inclusion/exclusion criteria) people
Mottelsen and Hornbak (2017) [40] HCI Validate the integrity of participants for -
instance using verifiable control questions,
context photos, or user performance
Mottelsen and Hornbak (2017) [40] HCI Expect roughly (only) half of the participants Based on experience
to complete the study, so increase the sam-
ple size correspondingly
van Berkel et al. (2020) [43] Usability Consider the representativeness of the partici- Assumption that an evaluation with develop-
pant sample to the intended end-user group ers can provide a proxy for the end users is a
common pitfall
van Berkel et al. (2020) [43] Usability Consider that the deep insights offered by Involving patients has numerous challenges in

realistic interaction between clinician and
patient should be offset against the risk
introduced to patients by their involvement

clinical settings (such as safety and between
subject comparison)

in a study

have more internal control and to avoid potential confound-
ing variabes [40].

Furthermore, while it is common to evaluate prototypes,
van Berkel et al. (2020) [43] indicate that implementation
gaps force unspoken assumptions among users and are a
pitfall to avoid. They underline the importance of consider-
ing the effect of prototype fidelity on the ecological validity
of a study.

Furthermore, with regard to in-the-wild studies, differ-
ences and modification of the technology are required to
adapt to the more dynamic environment as compared to a
stationary lab setting [41, 42].

Labonte-LeMoyne et al. (2018) [42], state that to allow
for personalized setup, in-the-wild studies require ad hoc
modifications or adaptations. Similarly, Blum et al. (2018)

@ Springer

[41] state that while lab studies can use fragile devices
with little regard for portability or power, in-the-wild stud-
ies however will require using more expensive hardware
that is more robust and portable to allow collecting reli-
able data. While commercial (haptic) products may pro-
vide necessary robustness, there is a limit to the custom-
izability and access to the underlying hardware, hence to
maximize flexibility it may be necessary to heavily modify
commercial products or even custom design and build
experimental hardware despite the added effort [41]. Blum
et al. (2018) further state that with respect to vibrotactile
haptics, in-the-wild studies benefit from using low fidelity
vibrotactile actuators which combine perceptual intensity,
power efficiency, low cost, and portability.
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Table 7 Guidelines for user behavior

User behavior

Rationale

Recommendation

Scope

Study

Many assessments rely on incentives that potentially influence frequency

Maguire and Renaud (2015) [37] Security The application should offer benefits and avoid perverse incentives that

of use and acceptance

could influence behaviour

if participants are told the experiment’s purpose, this could already

Beware that demand characteristics (DC) are strongly present in behav-

QoE

Robitza et al. (2016) [38]

unconsciously bias their preconceptions

ioral tests, leading to subject apprehensiveness and distorted results

It would appear that those actions are wanted by the experimenter

Influence of demand characteristics would be exacerbated by instruc-

QoE

Robitza et al. (2016) [38]

tions telling people which actions are possible

Hidden and passive measurements will make participants less aware of Reduces DC

QoE

Robitza et al. (2016) [38]

the measurement context

Reduces DC

Reducing the involvement of the experimenter may also help

QoE
QoE
HCI

Robitza et al. (2016) [38]
Robitza et al. (2016) [38]
Dole and Ju (2019) [10]

Reduces any personal influence

Use written and automated test instructions

Variables like arousal and attention have far-reaching consequences, and

Avoid the introduction of unwanted between subjects variables

should therefore be kept as consistent as possible between participants

To see how they judged their awareness of the research hypothesis, and

Ask participants about what role they thought they played in the study

QoE

Robitza et al. (2016) [38]

whether they acted apprehensively

To avoid problems with demand characteristics. Change subjects’ mindset

Reveal the real purpose of the test at the end of the experiment and

QoE

Robitza and Raake (2016) [39]

from spotting quality degradations

access behavior in response to quality degradations

Next, with respect to power consumption Blum et al.
(2019) [41] suggest minimizing power consumption and
using more efficient actuation mechanics and try to obtain
larger perceptual impact under a power budget as haptic
engines consume power and using the engine too much may
drain battery life. Furthermore, Lew et al. (2011) [35] states
the need for realism in the appearance of an interface. The
authors claim that lack of realism, such as the touch and feel
of a technology can indicate to the participants that they are
being tested.

Content

The category of content is specifically related to QoE studies
comprising audio/visual content as shown in Table 5.

The guidelines presented in Table 5 provide insight spe-
cifically related to the content used in the studies. Robitza
et al. (2015) [23] state that to ensure ecological validity
and to make subjective viewing experience more enjoyable
participants should not have to see the same content twice.
Similarly, Robitza and Raake (2016) [39] also suggest allow-
ing participants to freely decide what to watch in order to
increase their intrinsic motivation. The authors additionally
recommend asking about the content itself rather than the
quality as that will increase extrinsic motivation to allow
participants to focus on the content instead of quality. Addi-
tionally, Staelens et al.(2014) [36] suggest showing longer
duration of audio/visual content(e.g., 2 min) since content
duration influences the users’ QoE. Lew et al. (2011) [35]
states the need for realism in the content provided. The
authors claim that lack of realism, such as fake content can
indicate to the participants that they are being tested. Spe-
cifically in the context of QoE, Robitza et al. (2015) [23]
suggest providing realistic content, length and a realistic
overall viewing experience.

Users

This dimension comprises of all guidelines corresponding
to the end users or the participants included in studies and
comprises of the categories: participant recruitment and user
behaviour.

Participant recruitment

The category of participant recruitment groups all the guide-
lines related to the recruitment of participants for studies as
shown in Table 6.

Mottelsen and Hornbaek (2017) [40] and van Berkel et al.
(2020) [43] provide insight regarding the recruitment of par-
ticipants for studies. Firstly, to avoid recruiting unqualified
people, Mottelsen and Hornbaek (2017) [40] suggest pre
screening participants with regard to the technology that is

@ Springer
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Table 8 Guidelines for study design

Study Design

Study Scope Recommendation Rationale

Mottelsen and Hornbek (2017) [40] HCI 15 min seems like the maximum tolerable -
duration for keeping the pose required to use
the VR cardboard system

Mottelsen and Hornbaek (2017) [40] HCI Design experiments well-suited for both stand- Accommodate for different needs and prefer-
ing and sitting ences

van Berkel et al. (2020) [43] Usability Consider the amount and availability of train- ~ Assumption that end-users will have (com-
ing material that can realistically be expected  pletely) read, understood, and remembered
to be taken in by the user of the system prior  the device’s manual or use instructions is
and during use a pitfall

Dole and Ju (2019) [10] HCI Ecological validity is a goal but not a destina- It is important to remember the impossibil-
tion ity of declaring that ecological validity has

been achieved
Table 9 Task related guidelines
Task
Study Scope  Recommendation Rationale
Lew et al. (2011) [35] HCI Consider realism in Task Personal relevance of a task is key to understanding UX

Maguire and Renaud (2015) [37] Security

Maguire and Renaud (2015) [37] Security

An authentication
mechanism must be
coupled with a realistic
primary task

An unrealistic coupling is likely to lead consumers to either abandon the
application or resort to undesirable coping mechanism

An authentication
mechanism must have
a clear and transparent
goal

Users should be empowered with a clear understanding of the conse-
quences of authentication

Table 10 Guidelines for data collection

Data collection

Study Scope Recommendation Rationale
Lew et al. (2011) [35] HCI Use background logging methods to record a  This is more realistic as it measure what actions
variety of measures unobtrusively users actually perform
Lew et al. (2011) [35] HCI Use multi-method approaches combining This can alleviate the problem of mono-method
behavioural logging with questionnaires bias
Robitza and Raake (2016) [39] QoE Record the interaction of the user with the This is unobtrusive
system in the background
Robitza et al. (2016) [38] QoE Crowdsourcing, passive large-scale measure-  To allow for collecting data in a more natural
ments and longitudinal studies with friendly environment
users can be opted instead of, or in addition
to lab studies
Lebonte-LeMoyne (2018) [42] Physiologi- Plan for data loss Increased ecological validity may lead to data
cal com- loss
puting
Dole and Ju (2019) [10] HCI Measure participants’ presence in the simula- It is participants’ presence in a simulation that

tion indexes its face validity

accessible to them. Next, the authors
sary to validate the integrity of parti

by means of verifiable control questions, context photos or
user performance [40]. Furthermore,

@ Springer

state that it is neces-
cipants for instances

experience, the authors express that one should roughly
expect that only half the participants may complete the study
and therefore suggest planning for such dropouts and uncer-

based on their own tainties (Which is more common in longitudinal studies).
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Similarly, van Berkel et al. (2020) [43] argue that it is essen-
tial to consider the representativeness of participant sam-
ple to the intended user group, as including proxies for the
intended end users is a common pitfall. Furthermore, based
on their usability study in a medical context, the authors also
recommend rethinking the necessity of involving patients
as patient involvement can introduce numerous challenges
such as safety and between subject comparison. Specifically
with respect to usability evaluations, patient involvement can
augment the realism of scenarios and use cases.

User behavior

The category of user behavior groups all the guidelines
related to the behavior of users as shown in Table 7.

Maguire and Renaud (2015) [37] indicate that many stud-
ies largely rely on incentives which influence the frequency
of use and acceptance among users. Therefore, the authors
suggest ensuring that the application being tested offers ben-
efits to the users such that other (extrinsic) incentives do not
influence user behaviour. Similarly, Robitza et al. (2016)
[38] highlight the presence of demand characteristics (DC),
i.e., where participants form an interpretation of the study’s
purpose and subconsciously change their behavior to fit the
interpretation [44]. The authors instruct about DC and that
it can lead to distorted results. Hence it is recommended to
avoid informing participants about the purpose of the study,
as well as instructing participants about possible actions to
take, as such actions can amplify DC. In this regard, it is also
suggested to use hidden and passive measurements to make
participants less aware of the measurement context as well
as reducing the overall involvement of the experimenter to
reduce DC. Furthermore, it is suggested to use written and
automated test instructions to reduce any personal influence
of the experimenter. Additionally, Dole and Ju (2019) [10]
recommend minimizing the inclusion of subject variables,
such as arousal and attention, due to their significant impact.
Hence, they propose maintaining a high level of consistency
in subject variables across participants.

Further, in order to evaluate how participants judged their
understanding of the research hypothesis and whether they
acted apprehensively, Robitza et al. (2016) [38] recommend
asking participants about what role they thought they played
in the study. In the context of audio/video QoE, Robitza an
Raake (2016) [39] suggest revealing the real purpose of the
study only at the end in order to access user behavior in
response to quality so as to change participants’ mindsets
from spotting quality degration.

Research methodology

The dimension of research methodology comprises of the
categories and the corresponding guidelines related to the

research process, and includes the categories: study design,
data collection and task.

Study design

The study design category groups all the guidelines related
to design of research studies as shown in Table 8.

With regard to VR technology, Mottelsen and Hornbeaek
(2017) [40] suggest limiting VR studies to a maximum of
15 min as that has been identified as the maximum tolerable
duration. Furthermore, the authors suggest designing studies
which are suitable for both standing and sitting positions to
accommodate the needs and preferences of the participants.
van Berkel et al. (2020) [43] indicate that it is a pitfall to
assume that end users will have understood and remembered
how to use a device and its instructions, hence it is recom-
mended to consider the amount and availability of training
(material) that users can take in prior to and during the use
of a system. Finally, Dole and Ju (2019) [10] highlight that
ecological validity is a goal but not a destination as it is
impossible to declare the achievement of ecological validity.

Task

The category of task groups all the guidelines related to the
actual tasks performed in studies as shown in Table 9.

A task involves a range of activities that participants are
expected to perform during studies. Lew et al. (2011) [35]
indicates the need for realistic tasks. The authors claim that
a lack of realism, such as the touch and feel of technology
and fake content can indicate to the participants that they are
being tested. Maguire and Renaud (2015) [37] further state
the need to provide realistic tasks with clear and transparent
goals as clear understanding is necessary and that a lack of
realism in this regard can lead participants to abandon the
application or task.

Data collection

This category groups the guidelines specific to the process
of data collection as shown in Table 10.

Lew et al. (2011) [35] suggest using background log-
ging methods to record a variety of measures unobtrusively
including file revision histories, screen sharing, integrated
videorecording, and mouse movement tracking. The authors
state that such an approach is more realistic as it measures
what actions users actually perform in contrast to question-
naires which only provide self-reported exposure to the
causal variable in question [45].

Similarly, Robitza and Raake (2016) [39] recommend
recording the interaction of users with the system in the
backgound in an unobtrusive manner. Further, it is also
recommended to use crowdsourcing, passive large-scale

@ Springer
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measurements and longitudinal studies with users to allow
for data collection in a natural environment [38]. In addition,
Lebonte-LeMoyne (2018) suggest that it is necessary to plan
for data loss in terms of time and participants recruitment
as this may be common when increasing ecological validity.
Additionally, with more relevance for VR technology, Dole
and Ju (2019) [10] suggest measuring participants’ presence
in the simulation as an index to face validity.

Discussion

The systematic categorization of the guidelines provide
insights and opportunity for kick-starting a discussion in
the QoE community on a number of topics:

e The Flip Side of Ecological Validity

e Implications for QoE Research

e A Basic Visualisation Model for Assessing Ecological
Validity

The flip side of ecological validity

While there is currently an emphasis on increasing the over-
all ecological validity of studies in various fields, there are,
however, undesirable outcomes in doing so specifically in
the context of QoE and conducting user studies. While all
the articles reviewed in this study provided insights into the
how and why of conducting more ecologically valid studies,
some of the articles [35, 42] also highlighted the flip side
of increasing the ecological validity which is something to
remember while designing studies.

While numerous guidelines that highlight the necessity
of realism on various levels, Lew et al. (2011) [35] indi-
cate that increasing realism can introduce more noise into
the collected data, and that the results obtained on one
particular day may not generalize to other days. However,
the authors further provide suggestions to overcome these
issues by measuring behavioural metrics and data logging
unobtrusively in the background, and opting a multi-method
approach combining behavioural logging with question-
naires (as presented in the results Sect. 4). Furthermore,
with regard to realism, Lebonte-LaMoyne et al. (2018) [42]
state that by allowing participants to act naturally they do not
repeat the same action multiple times. This could however
also be problematic since without repetition there may arise
uncertainty as to whether the responses are good represen-
tations of the stimulus in the real world. Similar to Lew
et al. (2011), the authors also indicate that increasing eco-
logical validity will often lead to increased data loss, hence
Lebonte-LeMoyne et al. (2018) [42] indicate that while it is
necessary to design more ecologically valid studies, it is also

@ Springer

crucial to remember the flip side of increasing ecological
validity and to plan studies accordingly (e.g., considering
time and participant recruitment). The recommendation pro-
vided by Dole and Ju [10], namely to keep in mind that: Eco-
logical validity is a goal but not a destination, is indeed an
important one. Future work in this direction should therefore
strive for more awareness and more transparency regarding
a study’s ecological validity and the implications of various
decisions and choices on its results and implications. How-
ever, the existing challenge of designing more ecologically
valid studies is further exacerbated as it is currently difficult
to declare the degree of ecological validity in a transparent
and standardized way, due to the absence of a standardized
or shared instrument to support this.

The current review provides a categorized overview of
the dimensions and components that influence the ecological
validity of a study. In the next section, we briefly discuss a
number of key considerations and implications when trying
to apply these guidelines and dimensions in the context of
QOE research.

Implications for QoE research

While the identified guidelines and their rationale were
extracted from scientific articles with a broader scope than
only QoE, many of them could inspire the modification and
reconsideration of existing test designs and methodological
approaches in the field of QoE. While deeper analysis in this
respect goes beyond the scope of this paper and is left to
future work, we briefly discuss the sub-dimensions and their
guidelines in terms of potential implications for QoE studies.

In terms of the dimension Setting, the following sub-
dimensions were presented:

¢ Environment: Guidelines that were extracted from the
literature in this respect dealt with for instance the need
to conduct tests with realistic background noise (e.g.,
voices, children around, talking colleagues around dur-
ing a conference call,...) and illumination settings. Incor-
porating such environmental aspects to a larger extent in
QoE studies could increase the ecological validity on this
dimension.

e Technology: In terms of technology, numerous aspects
were mentioned: for instance, the fidelity of a proto-
type or mock-up (e.g., a test website or landing page
of a streaming service) should be carefully considered.
Further, when using participants’ own devices (e.g.,
field testing, crowdsourcing), their specific capabili-
ties and properties should be captured and taken into
account as good as possible. Further, in the context of
e.g., living lab-based approaches and the use of pas-
sive monitoring tools and data collection approaches,
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power/energy consumption should be considered, so
that the measurement approach does not drain the
battery significantly. Realistic distortions are another
aspect of ecological validity. This aspect of the study
is especially difficult to address. The Internet works at
least “good” in most situations, so if a test is close to
a real-life scenario, there should be nearly zero distor-
tions and distortions in the content should be realistic
and introduced in such a way that it resembles what
might happen in a real-world setting. Nevertheless, in
such a scenario, the measurements may become less
interesting from a research point of view. Here, a poten-
tial approach could be to motivate the type of distortion
that is considered, e.g., by asking real users or through
observation.

Content: For content, the guidelines closely related to
the earlier mentioned realism: the content should ideally
be meaningful and appealing to the test subjects. Pref-
erence should be given to tests designs in which users
can e.g., pick the content themselves. Generally, repeti-
tions should be avoided and as mentioned earlier, also the
duration of the test stimuli / content should be meaning-
ful.

In terms of the dimension User, the following sub-dimen-
sions were presented:

e Participant: With regards to participants, the main

recommendation is to clearly define what the intended
user group or population is, to use appropriate screening
techniques and to be transparent and aware of bias that
might be introduced due to pragmatism in recruitment.
While the use of screening techniques (e.g., visual acuity,
colour blindness) is common in subjective studies, there
is still a way to go when it comes to user diversity and
awareness around the implications of using non-repre-
sentative user populations in user studies (e.g., using uni-
versity students only). The increased use of crowdsourc-
ing approaches has already helped to overcome existing
challenges to a certain extent, but such approaches and
platforms also may contain inherent bias (e.g., user pro-
files that are not represented).

User behavior: The guidelines and rationales dealing
with user behavior boil down to reducing the demand
characteristics and—via various measures—to try to
have a set-up which allows users to behave as naturally
as possible. These include for instance: using passive
measurements and collecting indirect user feedback, not
disclosing the real purpose of a study, to use only written
and automated test instructions, to try to assure that there
is an intrinsic motivator in the test design (e.g., gamifica-
tion) to avoid that people behave in a certain way to get

another (monetary) incentive. One additional recommen-
dation that could easily be implemented in most cases
is to ask participants in the debriefing session how they
experienced and interpreted their role in the experiment
or study.

In terms of the dimension Methodology, the following sub-
dimensions were presented:

Study Design: To start with, it should be kept in mind
that ecological validity is a goal that contains multiple
dimensions, but not a destination in itself. It always
depends on the type of study and purpose to which
extent ecological validity is of key importance overall, or
e.g., only in terms of certain dimensions for which high
ecological validity is required. A few of the extracted
guidelines might be relevant to reflect upon from the
perspective of QoE studies. First of all, it was suggested
important to have a certain flexibility to adjust to differ-
ent preferences (e.g., play a game standing or sitting).
Further, it was also suggested to not overestimate users’
capabilities in remembering everything in e.g., a detailed
training session. The study and training session (if rel-
evant) should be designed such that unnatural fatigue is
avoided.

Task: To increase the ecological validity of the task,
the extracted guidelines indicate that the task should
be realistic, clear and have transparent goals. Further,
one of the guidelines suggests a redesign of some of
the commonly used experimental designs to ensure that
the secondary task (e.g., evaluate quality) is linked to a
meaningful and realistic primary task (e.g., completing
an assignment during a telemeeting, ...). What this more
precisely implies for common subjective test designs
largely depends on the purpose of using a certain ser-
vice and application area / type of service, but making
quality evaluation a secondary task could help to increase
ecological validity.

Data Collection: Finally, in terms of data collection, the
implications of the extracted guidelines can be summa-
rized by a need to have robust data collection approaches,
which are preferable based on a combination of meth-
ods and measures. This means that preference should be
given to multi-method approaches, using different types
of measures, including behavioral and passive measures
and a reduced reliance on self-report measures. One
effective approach to understanding user perceptions
and behaviors in real-world settings as suggested by lew
et al. (2011) [35] is by using background logging meth-
ods to record a variety of measures unobtrusively. By
capturing user interactions in real-time and real-world
contexts, the data collected is more likely to represent

@ Springer
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users’ genuine experiences in a non-intrusive manner.
In such cases, data can be collected in the background
through customized mobile applications running in the
background and logging various user interactions and
contextual information (e.g., MobileDNA). Other passive
monitoring tools that run on users’ devices and collect
data without requiring active user involvement can be
considered. These tools can track web browsing behav-
ior, application usage, system logs, or network perfor-
mance. For instance tools such as Wireshark for network
monitoring or analytics platforms like Google Analytics
to gather web-based user data could be used. Further-
more, wearable devices equipped with sensors can be
considered to collect physiological or contextual data.
These devices can track heart rate, sleep patterns, loca-
tion, or environmental factors. Ensure that the devices
are non-intrusive, comfortable, and have sufficient bat-
tery life for extended data collection periods. To gain a
more comprehensive understanding of user experiences,
a combination of background logging with user surveys
or interviews could be beneficial. These qualitative meth-
ods can capture subjective perceptions, preferences, and
emotions that may not be evident from logged data alone.
However, as mentioned above, some of these guidelines
and the approaches may result in ethical dilemmas and
may even meet user resistance. Hence, ecological validity
is a concern that needs to be balanced with other con-
cerns.

S Environment

Study design

Task

Data collection

Research
Method(-ology)

Fig. 3 Model for assessing ecological validity
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~ Technology

A basic visualisation model for assessing ecological
validity

The identified guidelines and the corresponding categoriza-
tion of these extracted guidelines allowed for proposing a
basic visualisation model for assessing the ecological valid-
ity of a study in terms of the identified sub-dimensions.
While providing a final and complete model for assessment
is beyond the scope of this paper, we do provide a basic
visualisation model which we briefly introduce. This model
will be further detailed and expanded in our future work.

The proposed model (see Fig. 3) involves three main
dimensions: Setting, User and Research Methodology. Fur-
thermore, as previously presented in the Results Sect. 4,
each dimension comprises of corresponding categories.
The Setting dimension comprises of categories: Environ-
ment, Technology, and Content. Next, the User dimension
consists of categories: Participant Recruitment, and User
behavior. The third dimension, i.e., Research Methodology
included categories: Study design, Task and Data collection.
In this regard, the proposed model captures the significant
dimensions and the corresponding categories that should
be taken into consideration when designing an ecologically
valid study.

The visualisation is denoted by a dark shade in the center
growing lighter towards the edge, thereby indicating the
increasing degree of ecological validity from the center of
the model to the periphery. Hence, a study evaluated and
positioned towards the center has lower ecological validity

Setting -~

Content %

* Participant Recruitment

User behaviour

User
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in comparison to a study that is positioned towards the
periphery of the model.

For e.g., in a user study employing low-fidelity proto-
types, the Technology category within the Setting dimension
would most likely be plotted towards the center. Similarly, if
a study would employ a mid-fidelity prototype such as wire
frames, the ecological validity of the technology might be
plotted towards the middle of the model, while a high-fidel-
ity prototype or real service would be evaluated as having
a high ecological validity and would be plotted towards the
periphery. In the same example, the task might be realistic
and engaging and evaluated as highly ecologically valid, but
the participant sample might consist of younger university
students while the actual target group are elderly. As a result,
the ecological validity of the participant-dimension would be
evaluated as low and plotted towards the center.

In this regard, if all the other categories within the set-
ting dimension are also high, then consequently the overall
evaluation of the Setting dimension would also be high, so
on and so forth the level of ecological validity pertaining to
the individual dimensions and different studies can be evalu-
ated in this manner. While the proposed basic visualisation
is just a first step towards creating more awareness about
the ecological validity of a study as a whole and in terms of
specific sub-dimensions, it can be a useful tool to assess a
study design.

Conclusion

The overall aim of the study was to obtain an overview of
existing guidelines (within the fields of QoE and HCI) for
conducting ecologically valid studies, and thereby contribute
towards a better understanding of how to design more eco-
logically valid user studies. Through a systematic review of
existing literature, a total of 12 articles were included from
an initial 782 retrieved references. The review resulted in the
extraction of 55 guidelines which were further grouped into
8 categories and 3 overarching dimensions.

The broad range of categories and the overarching dimen-
sions capture the essential aspects involved in user studies,
and the corresponding guidelines to ensure ecological valid-
ity. Simultaneously, the review shines light on the flip side of
ecological validity and the undesirable outcomes involved in
merely aiming for high ecological validity. The perspective
validates the argument that ecological validity is a goal but
not a destination [10], in the sense that one must be mindful
of the adverse consequences involved and, thereby decide
on the different aspects of designing a study accordingly.
Further, we started a discussion on implications for QoE
research and outlined a number of topics for future work.
Additionally, the review also provides a basic visualisa-
tion model as a guide for the design of ecologically valid

studies and for evaluating different dimensions of ecological
validity.

By focusing on the importance of ecological validity, the
intention of this article is not to downplay the importance of
lab-based studies or over-emphasize the importance of in-
situ studies. Rather, we believe that future research should
address more in detail how and when research approaches
characterized by high ecological validity (and correspond-
ingly, low internal validity) and those characterized by low
ecological validity (and normally high internal validity) can
best complement each other in order to better understand the
key factors influencing QoE for various types of applica-
tions, user segments, settings. Further, we believe that more
transparency around the (sub)dimensions of ecological
validity with respect to a particular study or set of studies is
necessary. Follow-up work is therefore needed to provide a
detailed checklist and description of the relevant dimensions
and sub-dimensions to consider in a study design.

Appendix 1

The final full query used: ((recommend* OR guid* OR "best
practice*" OR lesson* OR "lessons learnt" ) AND ("Ecolog-
ical* valid*" OR "external validity") AND ("experiment*"
OR "lab setting" OR "controlled environment") AND
("QoE" OR "Quality of Experience" OR "user experience"
OR "UX"))
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