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Abstract: This paper used a literature review strategy to investigate the approaches used in building user experience (UX)
models and in evaluating UX over time. The paper reports that there is no uniform and consensus approach in the strategies
used in developing user experience models and in evaluating UX over time. Researchers adopt divergent ways in building
UX models and evaluating UX. This makes the development of a common approach difficult. It is also shown that there are
three frequently employed approaches in the development of UX models and in the evaluation of UX over time. The three
approaches are the construct, inference and process (CIP) approaches. The first two are associated with UX model
development while the third is associated with UX evaluation over time utilizing the developed model. Researchers seldom
use the three approaches combined together due to the rare use of longitudinal research in UX domain. Consequently, this
paper strongly recommends and proposes the use of the combination of the three approaches to build UX models and to
employ the developed model in evaluating UX over time.
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1. Introduction

An interactive product simply put is generally any product that users sends input to and in turn it delivers a
reasonable output as information to them (Carr, 2005). Equally, the ISO (1ISO 9241-210 (2010) elaborated on
interactive systems as the “combination of hardware, software and/or services that receives input from, and
communicates output to users”. Benyon, in addition, utilized the term ‘interactive systems’ to describe the
products, and software systems, that handle the transmission, display, storage or transformation of information
which users can perceive and respond or react to dynamically (Benyon, 2010). These are thus, systems that
enable interaction between users and the systems in use. These interactive artifacts can be looked at from both
the user and system perspectives (Carr, 2005). To the user, the artifact is an instrument for achieving tasks, it is a
thing that can receive input, and display output in some ways (Samardzija, 2016; Hussain et al., 2018; 2019a;
2019b; Mkpojiogu et al., 2018; 2019). Interactive systems involve an important degree of user interaction.
Physically, users interact with systems via some media of interaction like video input, keyboard, touch screen,
voice recognition, mouse, and motion sensors, among others for haptic, verbal, and/or visual interaction etc.
(SamardZija, 2016).

Hart (2014) explains that little studies have dwelt on the summative evaluations of interactive systems, and
that even lesser attention is given to the interactive characteristics in such products. Comparable to user
experience, interactivity is commonly used; however, the notion is rather unclear (Lee, 2005; Wu, 2006). The
gain from interactivity and its impact on UX still remains unclear (Hart, 2014). Hart (2014) reiterates that
research in human-computer interaction (HCI) has principally concentrated on the use of interactivity to improve
user experience in gaming and amusement domains, with a heavy stress on absorption and immersion (Korhonen
et al., 2009; Sanders & Cairns, 2010), presence and flow (Qiu & Benbasat, 2005), and playfulness (Korhonen et
al., 2009). Hart (2014) further stated that there is an increasing research focus in the use of interactive artifacts
within cultural contexts to promote engageability (Haywood & Cairns, 2006; Othman et al., 2011), and with a
rise of interest in serious gamming, that harnesses the principles of fun, ludic and playful designs with interactive
technological artifacts (Deterding et al., 2011). A few research works on the influence of interactivity in the
electronic commerce sites domain have indicated that it can positively impact on user satisfaction, interest,
motivation, pleasure, and enjoyment (Cyr et al., 2009; O’Brien, 2010). Nevertheless, these studies only
investigated a limited set of quality perceptive attributes and so the effect of user experience attributes like those
of aesthetics, emotion and usability in association to some particular interactive characteristics still remains
unclear (Hart, 2014).

There is currently no agreement in the research domain on how UX should be designed or evaluated and
whether the UX of a product can be accounted for by mere manipulation and measurement of the UX attributes
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(Law et al., 2014). This is further compounded by the dynamic features of UX. UX is temporal and there is a
complex association among the several experiential moments or episodes of experience (Kashfi et al., 2017). UX
is also dynamic. It develops and evolves in the course of time (Hassenzahl, 2010). For instance, over time, a user
may perceive a novel feature in a product as old, or a complex feature as simple. Therefore, in the design and
evaluation of UX, practitioners should give/pay good attention to the varying episodes of experience
(Hassenzahl, 2010); such as, experience before use (expected experience), momentary experience (during usage),
remembered experience (that is, shortly after usage) and accumulated experience (that is, over longer period of
usage) (Hassenzahl, 2010). Practitioners need to decide which episodes are more significant than others for the
software that is being designed, developed (or evaluated) and why; for example, for an electronic marketing site,
first impression is more vital than it is for a work app. This understanding can then assist practitioners to suggest
more appropriate design solutions. Also, first time users may be confused by the range of icons and options
featured on the interface of some smart phones. Nevertheless, once they become familiar with the phones, they
may become captivated and enthralled by the new features and possibilities that the devices present when
compared to the usual features in phones. Hence, an experience is thus unique, very likely to evolve with time,
and cannot be repeated (Hassenzahl, 2010; McCarthy & Wright, 2004). After a first time experience, smartphone
users who are novices will never experience again in their life time the first time encounter of smartphones usage
again. The first time experience is now in the past (Kraus, 2017).

In addition, substantial UX studies have placed attention on short-term interactions and evaluations, hinged
on users’ first impressions, pre and post-interaction experiences; however, limited and scanty research works
have captured user experience from long-term usage perspective (Hart, 2014). Even for the few works that
captured long-term usage, the length of use varies (Hart, 2014). Prior studies have concentrated principally on
short-term assessments, with users’ first perceptions of digital artifacts (i.e., after a first time use), instead of in a
long-term use. Studies show that the way a person perceives the quality of a product evolve with time. However,
only a limited number of works showed such evolutions in usability, hedonics and aesthetics perceptions
(Karapanos et al., 2008; von Wilamowitz-Moellendorff et al., 2006).

In UX research domain, there is no standard or common approach to building and evaluating UX over time.
As such various researchers employ divergent strategies in doing this. It is vital to conceptualize a common
approach to developing models for the evaluation of the user experience of interactive systems over time. This
paper proposes a common and consensus strategy for the building and evaluation of user experience over time
which hitherto is non-existent. There are three approaches to building models in UX for such purpose, they
include: construct, inference, and process approaches. The first two approaches are concerned with model
building while the third is for the evaluation of UX over time. Construct approach is an approach where
latent/manifest constructs/qualities are used to build measurement, theoretical or evaluation models (Lavie &
Tractinsky, 2004; Tractinsky, 1997). This approach has to do with identifying and developing
constructs/qualities for the assessment of UX (Porat & Tractinsky, 2012). In UX several models have been
developed by the construct approach. The inference approach on the other hand uses the relationships between
constructs/qualities to build evaluation models (Hassesnzahl (2004). The approach is useful for examining the
associations existing between constructs. This is to ensure that a relationship exit among the constructs/qualities.
With this approach, the contribution or impact of a construct/quality on another can be assessed. The approach
infers unavailable or unknown UX qualities from the available (or known) ones to infer into or better understand
the overall quality of a product (Hassenzahl, 2004; Monk, 2004; Hassenzahl & Monk, 2010).finally, the process
approach is based on the cognitive process (it gains knowledge over time about the dynamic developments of
the UX of a product). It is a panel or repeated measure or time series approach used to evaluate changes in
perception and user judgment about a product over time from say, users’ perceptions in the early stages of the
process, when users form initial impressions about a product to later stages. This approach reveals the direction
of relationships or effects in a model over time and can be used in evaluating UX dynamically over time. The
process approach sees UX as a cognitive process that can be modeled and utilized to measure or assess the
evolution in perception and judgment over time (Lindgaard et al., 2006, 2011; Tuch et al., 2012). It is used to
observe, capture and evaluate UX at different time point over time (for example, before, during, and after
interactions and in all time points). The approach is employed to assess the dynamic nature of UX over time
(Lindgaard’s et al., 2011; Porat & Tractinsky, 2012). Other names for the process approach are panel,
longitudinal, long-term, time series, or repeated measure approach. A combination of the three approaches builds
and evaluates UX over time.In prior studies there is evidence that the three approaches are used in building UX
models and for evaluating UX over time but not as a combined strategy. Constructs and inference approaches are
often used together but with the process approach in combination. This is because most UX evaluation studies
static evaluation studies (not dynamic).Static UX evaluation is a cross-sectional evaluation of UX at a one time
period.
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2. Methodology

This present study used the survey of literature approach to discover and understand the various approaches
used in building and evaluating user experience over time and sought to combine and harmonize them. Prior
studies served as a seed to discovering this. The protocol used in the study is itemized thus: i) the downloading of
relevant and appropriate literature sources on the approaches for building and evaluating UX over time; ii)
synthesizingdownloaded sources for required information on the approaches for building and evaluating UX over
time; iii) extracting the approaches for building and evaluating UX over time from relevant literature sources; iv)
producing a harmonious and common framework for building and evaluating UX over time. Figure 1 indicates

the research protocol for this study.

Y

Download Literature

Svnthesn:e & Evaluate

Produce Framework

/ Extract Relevant Info

-_-‘__- —— — ——

Figure 1. Research Protocol

3. Results

The findings of the literature survey on the approaches for building and evaluating UX over time reveal
interesting outcomes. The findings show that construct, inference and process approaches are the most common,
though the three are not often used in combination. Table 1 shows the frequency of occurrence.

Table 1. UX Model Building and Longitudinal Evaluation Approaches

Authors

Construct

Inference

Process

Lavie & Tractinsky (2004)

Tractinsky, 1997

Porat & Tractinsky, 2012)

Porat et al., 2007

2|22 (=<

Hassenzehl (2004)

Hassenzahl & Monk (2010)

<<

van Schaik et al. (2012)

Diefenbach & Hassenzahl (2011)

Hartmann, Sutcliffe, & De Angeli (2007)

Pl P = P P P P

Lindgaard, Fernandes, Dudek, & Brown (2006)

Lindgaard, Dudek, Sen, Sumegi, & Noonan (2011)

Tuch et al. (2012)

Hartmann et al. (2008)

Ou & Sia (2010)

<22 (2|2
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Mahlke &Thiiring (2007) N N

Zajonc (1980)

Metzger (2007)

Pl P P P

Sutcliffe (2009)

This study recommends the construct-Inference-Process (CIP) framework for the building and evaluation of
the UX of interactive system over time. In the first part of the framework, the UX constructs (UX dimensions,
quality attributes & metrics (subjective measures)) are identified and synthesized. In the second part, the
associations of /among the UX constructs (dimensions, quality attributes (criteria) & the overall UX construct)
are identified and synthesized. In the third part, to evaluate UX over time, the process approach is employed
(Figure 2). This approach deals with the assessment of UX longitudinally over a several time points or
continuous period of time to evaluate observed trends in UX (this also implies that data will be collected
repeatedly and longitudinally within the time frame of the research). Since UX is dynamic, temporal, emerging
and evolving over time, it will be insufficient to evaluate UX at one time point (i.e., a momentary or static UX).
To obtain better and richer insight into the temporality and uniqueness of the UX of users and to unravel the
different episodic landscapes (evolving stages and phases) in UX, an evaluation of UX over time is necessary.

Construct Approach: Identify UX
Constructs

A/
Inference Approach: Identify

Correlations between Constructs

!

Process Approach: Evaluate the

Correlated Constructs QOver Time

Figure 2. Framework for UX Model Building andthe Evaluation of UX over time
4. Conclusion

This study researched on the approaches for building and evaluating user experience over time. The paper
observed that there is no standard and common strategy in building models and evaluating UX over time.
Researchers adopt varying approaches to building UX models and evaluating UX. This makes uniformity and
standardization difficult. It is also revealed that there are three commonly used approached in the building of UX
models and in the evaluation of UX over time. These three approaches are the Construct, inference and process
approaches. The first two relate to model building while the last and the third relates to UX evaluation over time
using the built model. Researchers hardly employ a combination of the three approaches together since
longitudinal studies of UX are rare. However, this study strongly recommends and proposes the use of the three
approaches in combination to build UX models and to utilize the built model in assessing UX over time.
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