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ABSTRACT KEY WORDS
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organizational resources while also undermining the continued suc- apps; app abandonment;
cess of application developers, vendors, and software support ecosys- app discontinuance; hedonic

applications; postadoption
abandonment; user
motivation; four-drives
model

tems. Relatively little attention, however, has been directed toward
understanding application abandonment that occurs after applica-
tions have been successfully adopted, despite the potentially far-
reaching implications of such abandonment and the growing eco-
nomic and social importance of software applications. We therefore
developed a framework based on the four-drives model of motivation
to better understand postadoption abandonment decisions and con-
ducted an archival study to test our proposed framework in
a hedonically oriented personal-use context. Results of this study
suggest that individual motivations to acquire status and experience,
bond with others, comprehend and grow, and defend their efforts all
have significant implications for the likelihood of application abandon-
ment. Specifically, application-related use activity, in-application user
interaction, application complexity, and application commitments
were all found to significantly diminish the likelihood of application
abandonment.

Introduction

Abandonment of established attitudes, beliefs, practices, and behaviors occurs with notable
regularity and has considerable potential to initiate and foster a wide range of positive and
negative outcomes for individuals, organizations, and society. Understanding the nature,
basis, and implications of abandonment is, as such, of notable importance to managers.
Researchers have thus directed some degree of attention toward understanding individual-
level abandonment of various behaviors and beliefs, including purchasing behaviors,
personal goals, and online shopping carts [51, 79, 82]. Nonetheless, efforts to understand
the abandonment of personal-use software applications in the period after these applica-
tions have been successfully adopted have been quite limited [61, 80]. While a notable body
of research has sought to understand application adoption, continuance, and switching, this
work has not typically considered the possibility that users might simply abandon the use of
software applications after some extended period of use. Work that has been conducted in
this regard has focused almost exclusively on understanding temporary and permanent
abandonment of social networking services. This represents a notable gap in the literature,
particularly given that application abandonment decisions can result in significant losses of
financial and other resources.
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Developers and vendors typically make large, long-term investments in the ongoing
development and marketing of software applications [4]. A wide range of industry reports
thus suggest that application abandonment presents a significant challenge to large applica-
tion development organizations and their smaller competitors [80]. The value of the
investments that these organizations make in the development, maintenance, and promo-
tion of an application is severely undermined when this application is abandoned by its
users [18]. Such abandonment is a particularly salient issue for developers of personal-use
applications with prior work having repeatedly highlighted the difficulties that such devel-
opers encounter in their efforts to sustain user engagement [83]. In addition, abandonment
of personal-use software applications can be problematic for individual users. While
individuals typically invest lower absolute sums of financial and other resources in the
applications that they use, the relative levels of monetary and nonmonetary commitments
that they make to these applications need not be inconsequential. Considerable time and
effort can, for example, be necessary to acquire requisite application expertise [78].
Commitments of time and effort can also be required to acquire status and other rewards,
particularly when using hedonically oriented applications. The value that is derived from
this time and effort is, however, limited once an application has been abandoned [28].
Improved understanding of application abandonment is, as such, important to improving
consumer satisfaction, fostering more effective use of personal and organizational
resources, and supporting the continued success of application developers and vendors.

Given the potential costs of postadoption abandonment decisions and the limited
attention that such decisions have received, we sought to address the question of what
motivates individuals to abandon hedonically oriented personal-use software applications
after they have successfully adopted these applications. Our focus on personal-use applica-
tions was driven by their growing salience and by research indicating that organizations and
organizational users are far more likely to replace rather than abandon applications that
they have successfully adopted [20, 28]. Abandonment of personal-use applications occurs,
in contrast, with considerable regularity [82]. In addressing our research question, we offer
one of the first studies aimed at understanding consumer abandonment of hedonic software
applications in the period after use of these applications has become well established. Such
efforts are of particular importance given the growing economic significance of these
applications. Gaming industry revenues were, for example, forecast to exceed US$175 billion
in 2020 and have recently been growing at an annual rate of 9% [5]. Digital games have thus
been identified as being among the most popular forms of entertainment and as having
significant consequences for organizations and the global economy [41, 96]. In addition, the
insights we provide are of considerable relevance to organizations that are increasingly
relying upon the gamification of a wide range of business applications to induce and
maintain the engagement of employees and other users such as customers [83, 93].
Absent a sound understanding of the drivers of abandonment, such organizations are at
some risk of wasting significant resources on gamification initiatives that generate poor or
even negative returns.

Theoretically, we present an overarching framework for understanding the abandon-
ment of personal-use software applications that is rooted in established theory of human
motivation. We also test this framework via an empirical study that yields insights of
practical relevance to information system (IS) researchers and software development
organizations. In addition, our framework can be used to support future abandonment
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research that adopts a range of research methodologies, including survey research, experi-
ments, mathematical modeling, and research that draws on the growing abundance of real-
time user behavior data. Our inquiry commenced with a review and analysis of prior
abandonment research across a broad spectrum of organizationally relevant domains.
This was followed by a more focused, in-depth review of recent research related to
application end-of-life decisions. These efforts aimed to identify salient motivations that
underlie application abandonment. Themes that emerged from our review process led to
the creation of a general research framework based on the four-drives model of human
motivation [66] and formulation of research propositions that identify broad-based moti-
vations to abandon software applications. Specific research hypotheses were then developed
to reflect the nature of hedonic, personal-use software applications, and these hypotheses
were tested via an archival study [37]. The following sections elaborate on our work,
commencing with the development of our research framework and hypotheses. This is
followed by a discussion of our methodology, data analysis, and results. We conclude with
a discussion of our key findings, limitations of our work, and some notable opportunities
for future research related to abandonment.

Research Foundations

Abandonment involves the giving up of something that is currently being used, pursued, or
consumed [82]. Hence, while abandonment of personal-use applications can lead users to
redirect their time to other activities such as meeting with friends or watching videos,
application abandonment is quite distinct from upgrade, replacement, and switching
behaviors [28, 54]. In particular, application abandonment does not involve efforts to
persist with the same use-related behaviors by either installing an update to an existing
application or switching to an alternative application that supports the same general tasks,
practices, interests, or behaviors. Instead, abandonment represents a decision to discon-
tinue the use of an application that has been used in the past without adopting an alternative
application in its place. Prior research has examined application abandonment or discon-
tinuance that takes place during the period that falls shortly after initial application
adoption [e.g., 3, 11]. During this period, application users are primarily seeking to under-
stand an application and assess its relative merits and limitations. They are typically not
dependent on the application to perform needed tasks, they have relatively little commit-
ment to use of the application, and use of the application has not yet been incorporated into
their habits or routines [58, 77]. This initial trial period thus represents a period that is quite
different from the more routine, habitual nature of ongoing application use [67].
Specifically, the individual-level abandonment decisions that are the focus of our work
are typically made in light of a far greater degree of application comfort, familiarity,
expertise, and dependence [30, 85].

Following a successful trial period, it can be expected that users will typically engage in
continued application use for an extended period of time. Prior work has thus examined
a wide range of cognitive and affective influences that lead users to persist in such use [e.g.,
16, 55]. These influences include those that reflect user appraisals of the application in
question such as its usefulness, as well as various affective states such as the level of
satisfaction that an application generates. While such influences have been found to foster
continued application use, it has been widely recognized that application discontinuance
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decisions are often driven by forces that are quite distinct from those that underlie
application adoption and continuance [80]. Researchers have thus explored the possibility
that users might choose to discontinue their use of an application in favor of an alternative
application that meets the same general needs [e.g., 17, 43, 54]. Work in this domain has, for
example, examined factors such as dissatisfaction that can push users to switch to alter-
native applications, as well as factors that discourage switching, such as the benefits that
a status quo application provides [15, 57]. Finally, related work has considered the possi-
bility that users will opt to upgrade applications rather than replace them [e.g., 94] and the
possibility that users will abandon and then re-adopt an application [e.g., 97].

In contrast with efforts to understand application continuance and switching, relatively
little work has examined the possibility that users might opt to simply abandon the use of an
application after some extended period of use. Work that has been conducted in this regard
has focused almost exclusively on understanding temporary and permanent abandonment
of social networking services [80]. This research has placed considerable emphasis on
influences such as guilt, stress, fatigue, and social indifference [e.g., 34, 61, 87]. While
important, the focus of this work on the relatively unique context of social networking
services imposes some limits on its capacity to generalize to the abandonment of hedonic
and other personal-use applications where social pressures, relational commitments, and
desires to remain connected to strong social networks are less salient. We therefore
conducted a general review of research that has examined abandonment behavior across
a broad cross section of disciplinary contexts at multiple levels of analysis (Appendix A).
This work suggests four broad categories of forces as providing bases for decisions to
abandon products, practices, and behaviors. The first of these categories centers on various
assessments of the value being provided by the product, practice, or behavior. The second
focuses on the scope that is available for the product, practice, or behavior to respond to
changing needs and circumstances. The third category reflects commitments that have been
made to the product, practice, or behavior, and the fourth relates to general tendencies to
mimic the abandonment decisions of others.

While our general review of abandonment research provided some basis for under-
standing application abandonment decisions, these decisions are somewhat distinct from
decisions to abandon consumer products, managerial practices, and many of the other
phenomena that were examined by the work included in the review. We therefore under-
took a subsequent review of information system-related end-of-life decision-making
research conducted over the past 5 years to develop a richer understanding of the motiva-
tions that underlie the full spectrum of postadoption end-of-life decisions that are made for
personal-use applications (Appendix B). As noted previously, this body of work encom-
passes multiple, distinct forms of end-of-life decisions, including decisions to switch from
the use of an established application to a suitable replacement and decisions to temporarily
discontinue the use of an application [74, 80]. Hence, although we only identified one study
in this recent work that appeared to examine postadoption abandonment [100], the end-of-
life focus of the work meant that we were able to draw on it to further inform the under-
standing of abandonment that we initially derived from our multidisciplinary review.

The objective of our second review was to identify salient, broad-based themes that
encompass the many varied factors that contribute to application end-of-life decisions. For
example, approximately half of the studies in our review were focused on examining
application switching or replacement behavior (Appendix B). As such, many of the
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constructs in this work such as switching costs, switching benefits, and alternative attrac-
tiveness are not specifically relevant to application abandonment. Nevertheless, the broader
notions of application commitment and application value that these constructs convey
remain relevant. We therefore identified all direct antecedents of end-of-life decisions in the
research that we reviewed and extracted overarching themes via an approach that is
analogous to that used in open coding (Appendix C). We then returned to the theoretical
foundations of prior work to further develop and refine our understanding of the motiva-
tions behind application abandonment. While a surprising number of studies relied on
relatively little in the way of explicit theory, by far the most prominent theoretical founda-
tion in the work we examined was the push-pull-mooring (PPM) framework. Originally
developed to provide an account of human migration behavior [e.g., 38, 92], the salience of
the PPM framework in individual-level postadoption application end-of-life decision-
making research reflects the large proportion of this research that has focused primarily
on application switching behavior. However, the inherent tension that the PPM framework
posits between an application that is being used and an alternative application tends to limit
its relevance as a model for understanding application abandonment. Similarly, other
prominent theoretical foundations such as the Technology Acceptance Model (TAM),
Expectation Confirmation Theory (ECT), and the Unified Theory of Acceptance and Use
of Technology (UTAUT) appear to be better suited to understanding application adoption
and continuance rather than application abandonment [10, 21, 89, 90]. In contrast, the
four-drives model of human motivation provided a general account of the motivations that
underlie human behavior that was also in accord with the themes we had identified as
underlying motivations to abandon software applications [1, 63].

The four-drives model of human motivation argues that the psychological mechanisms
underlying human motivations are linked to our efforts to fulfill one of the four funda-
mental human needs of acquisition, bonding, comprehending, and defending [53, 66]. Prior
work suggests that fulfilling each of these needs is associated with distinct regions of the
brain such that they represent unique sources of motivation that can operate both inde-
pendently and in parallel [1, 66]. The four motivations posited by the four-drive model have
evolved throughout the course of human history in response to the salient problems
confronted by humanity. As such, they have come to represent relatively stable drivers of
human behavior that are rooted in our biological and psychological makeup [1]. As
suggested by Table 1, the most salient themes that emerged from our literature searches
also aligned very well with the four motivational drives posited by the four-drives model,
thus providing some cross-validation for the results of our search and coding efforts. As
a result, the four-drives model was used as theoretical grounding for the formulation of four
research propositions concerning the motivations for application abandonment. In the
following discussion, we draw on these propositions to identify research hypotheses that
we then test empirically (Table 2). The research model that we ultimately develop is
presented in Figure 1.

Acquire

The first of the four drives underlying human motivation is the drive to acquire valuable
resources, opportunities, experiences, and status [66]. This drive appears to arise in the
limbic system of the brain and it seems to be rooted in the innate biological need to survive
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Figure 1. Research Model

[1]. Given the importance of survival to human existence, acquiring valuable resources and
experiences tends to induce positive emotions, while failing to obtain such resources and
experiences often leads to negative emotions such as dissatisfaction and frustration. Hence,
the first source of motivations to abandon applications relates to the means by which
individuals acquire value or benefits from applications. In broad terms, prior work identifies
hedonic and instrumental benefits as the two key forms of value that can be derived from
applications [49, 88]. Hedonically oriented benefits reflect the emotive benefits of applica-
tion use, such as personal enjoyment and pleasure that users derive from such use. In
contrast, instrumental benefits are related to the utilitarian value that is derived from the use
of applications to support tasks and meet goals. Both the presence and absence of hedonic
and instrumental benefits of application use feature prominently in models of application
end-of-life decision making. Application value, defined as any psychological or utilitarian
benefit provided by an application, was thus identified as a potentially salient influence on
application abandonment. While survey research has often operationalized this value via
measures of perceived usefulness and perceived enjoyment, application value encompasses
a wide range of notions, including user satisfaction, application efficiency, and return on
investment [49]. A notable body of IS literature thus reports that various forms of applica-
tion value are of considerable importance to continued use of information systems and
related services by individuals [e.g., 14, 84, 89].

Although the value of software applications takes different forms, a well-established tenet
of both marketing and information systems research is that applications that provide value
are used regularly, for extended periods of time, and with some degree of frequency [39, 42].
Such intensity of use is the mechanism by which applications provide users with utilitarian
and/or psychological benefits such as satisfaction [23]. As a result, application use frequency
and duration have been reported as particularly significant predictors of subsequent appli-
cation use [45, 46]. It is therefore expected that limited application use activity will
significantly increase the likelihood that a hedonically oriented application is subsequently
abandoned, as it suggests that the application is not meeting the drive to acquire valued
resources, experiences, or status. However, in addition to the direct value that is derived



INTERNATIONAL JOURNAL OF ELECTRONIC COMMERCE ‘ 57

from application use activity, consumer research also reports that consumers who value
product brands are more likely to engage in other brand-related activities, such as posting to
online communities that are associated with these brands [71]. Users who value an
enterprise information system have been similarly observed to actively engage in a wide
range of extra-use activities, such as demonstrating system capabilities to prospective users
and contributing to ongoing system development [68]. A growing body of research further
suggests that extra-use activities such as contributing to application changes, communicat-
ing with other users, and consulting with application experts can induce a greater sense of
application value among those users who engage in these activities [9]. Hence, given the
opportunities that are available for hedonically oriented application users to meet their
drive to acquire through such extra-use activities, we expect that:

Hla:The likelihood that an application will be abandoned is increased when use activity is
low.

H1b:The likelihood that an application will be abandoned is increased when extra-use activity
is low.

Bond

The second drive posited to underlie human motivation by the four-drive model is the drive to
bond with family, friends, and others and to connect with various social structures such as clubs
and associations [66]. Rooted in the hypothalamus, the drive to bond reflects the survival
advantages attained by individuals who cooperate to achieve mutually beneficial goals [1].
These advantages are such that humans have evolved to feel negative emotions such as isolation
and loneliness in the absence of social connections and bonding. The desire to connect and
bond thus suggests that users will be less likely to abandon applications that facilitate social
interactions. While the potential to engage in social interaction is perhaps most evident in
services such as those provided by social network service providers, this capacity is also integral
to a wide range of personal-use applications ranging from fitness applications that permit the
sharing of success stories to games that permit and even encourage various forms of user
interaction. Given the strength of the drive to bond, it is generally expected that hedonically
oriented applications that support such interactions will be less likely to be abandoned.

In addition to the potential for direct interaction through application environments, applica-
tion ecosystems provide a range of other mechanisms by which application users can bond and
connect with others. Specifically, within the context of personal-use applications the Internet has
dramatically increased the extent to which the behavior of other application users can be
observed and acted upon [24]. This is evident in the growing salience of information cascades
and the notion of social proof [24, 72]. In the absence of perfect or complete information, people
are inherently inclined to believe that the actions and choices of others are based on superior
information. As a result, they tend to mimic these actions and choices when they have been
observed. This can create an information cascade, as an observed choice leads others to make the
same choice, with each successive choice being viewed as further social proof of the merits of the
initial choice. Such informational cascades have been used to explain how media content and
technologies spread through populations [24, 48] and how application use is impacted by the
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observable use decisions of other users [31, 95]. Online consumers are, for example, more likely
to attend to songs that have accumulated a large number of downloads [76], while book sales
increase significantly when their popularity is revealed through rankings on highly regarded
bestseller lists [81]. Hence, given that low popularity calls into question the social legitimacy,
value, and relevance of an application [72], there is considerable potential for declining
application popularity to be similarly noticed and acted upon by users of hedonic applications.

Online environments also provide other mechanisms for users to bond and feel con-
nected with application developers and other users [27]. In this regard, user ratings offer
one of the most salient channels for understanding the opinions of other application users.
Within rapidly changing consumer contexts such as ours, application ratings offer real-time
indications of the extent to which applications are valued by their user communities.
Although direct personal experience with an application can diminish the impact of such
information on user impressions, the drive to bond suggests that peer influences and
vicarious learning continue to influence user impressions of value [98]. As a consequence,
the negative social signal evident in low application ratings has the potential to foster
abandonment of hedonic and other personal-use applications [12, 33]. This potential is
heightened by general desires among users to maintain social status and self-esteem [36].
Such desires can encourage abandonment of a low-rated hedonic application as users seek
to avoid the sense of social disconnection that can come from being affiliated with an
application that is not widely valued. Hence, we expect that both direct and indirect sources
of social bonding and connection will influence abandonment decisions such that:

H2a:The likelihood that an application will be abandoned is increased when the application
does not support user interaction.

H2b:The likelihood that an application will be abandoned is increased when the application is
unpopular.

H2c:The likelihood that an application will be abandoned is increased when the application
rating is low.

Comprehend

The third key driver of human motivation is the drive to understand and make sense of our
environment and the context in which we live [66]. Novelty in our environment presents
significant threats and notable opportunities. We have, therefore, evolved visual and other
sensory systems that draw our attention to this novelty and motivate us to explore, under-
stand, and explain what we encounter [1]. Understanding and explaining our world
provides a sense of growth and development that is fundamentally rewarding since it
gives us some mastery over our current circumstances and helps us to adapt to changing
circumstances. As a result, we tend to experience frustration and a sense of helplessness
when efforts at understanding and sense making fail [66]. The drive to comprehend thus
suggests that the likelihood of application abandonment will be notably influenced by forces
that impact the currency and complexity of an application. Current applications provide
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a sense of the novelty that we have been biologically programmed to explore, and applica-
tion complexity has significant implications for efforts to explore and understand
applications.

Information system researchers have long recognized the salience of application com-
plexity to application use behavior, with constructs such as usability and ease of use having
been posited as key drivers of both initial and continued application use [21, 49]. This
salience reflects our innate drive to comprehend, and it can thus be expected that applica-
tion complexity will also have a significant influence on the likelihood of application
abandonment [99]. The direction of this influence is, however, somewhat unclear for
hedonically oriented applications. In the case of utilitarian applications such as those
used to support work tasks, prior research suggests that complexity will generally have
negative implications for user satisfaction and continued application use, as it impedes
understanding in a context where application use is simply a means to an end [25].
Implications of complexity at the organizational level of analysis are, however, somewhat
less clear, with some work having reported, for example, that complexity does not signifi-
cantly impact application replacement intentions [29]. Such ambiguity is further heightened
in the context of hedonically oriented personal-use applications. While prior work suggests
that excessive complexity in such applications might induce discontinuance, a notable
degree of complexity is required to garner sufficient levels of user interest in these applica-
tions [56]. In essence, greater complexity in a hedonically oriented application provides its
users with richer opportunities to explore and understand in accordance with the drive to
comprehend. We therefore expect that the general tendency will be for application com-
plexity to be viewed positively by the users of hedonically oriented applications such that it
will reduce the likelihood of application abandonment.

In addition to the desire to explore and understand our environment, the drive to
comprehend also encompasses our desire to attend to the new and novel. This innate desire
suggests that the likelihood of application abandonment will be lower for newer applica-
tions. However, it is also important to recognize that application updates and revisions can
introduce considerable novelty to older applications. Software applications can be revised
on a regular basis to maintain their currency, respond to changing user needs, and thereby
create a sense of novelty or newness that fuels the drive to comprehend. Application updates
aimed at enhancing feature sets have, as such, been reported to encourage continued
application use [26]. Application changes and revisions can therefore be similarly expected
to play a role in reducing the likelihood that hedonically oriented applications will be
abandoned [2, 70].

Although a wide range of stakeholders can encourage and contribute to application
changes and revisions, vendors and users are the two key sources of such changes in the
context of hedonically oriented software applications. Vendors typically drive ongoing
evolution of software applications through their efforts to maintain and improve these
applications via regular, ongoing development, testing, and release of application patches
and enhancements. Such efforts introduce new application capabilities and address applica-
tion shortcomings across the entire postrelease period [2]. Ongoing release of vendor updates
is, therefore, a fundamental source of novelty that can induce the drive to comprehend in
application users [29, 64]. Furthermore, once an application has been released to end users, its
developer has access to user comments and feedback that can be used to identify sources of
user dissatisfaction [13]. This information can direct future development efforts toward those
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user needs and desires that will be most likely to continue to nurture the drive to comprehend
among application users. Hence, ongoing developer-led efforts to maintain application
currency are generally expected to diminish the likelihood of application abandonment.

In contrast with application vendors, the users of hedonically oriented applications are
typically not responsible for maintaining application currency in the same way that end-user
organizations might be responsible for maintaining their business systems. Nevertheless, to
engage users and enhance development efforts, some vendors opt to open elements of these
applications to modifications and extensions by their user communities. Within the game
development industry there is a long tradition of developers permitting users to create and
share application modifications free of charge [e.g., 6]. The scope that user communities are
afforded to undertake such modifications and extensions ranges from minor alterations of
user interfaces to the creation of sophisticated stand-alone product conversions [6]. Hence,
while developer-led maintenance is frequently an important contributor to application cur-
rency, user-developed application enhancements can also forestall application obsolescence
and bring a sense of newness to hedonically oriented applications [35]. In addition, unlike
vendor-led development, user-led development is not bound by the demands of an often
broad and diverse user base. As a result, user-led changes can be more experimental in nature
and more tailored toward very specific user interests and preferences. Developer-led changes
and user-led changes are, as such, complimentary contributors to the currency of hedonic
applications. Hence, in aggregate, the drive to comprehend leads us to hypothesize that:

H3a:The likelihood that an application will be abandoned is reduced when the application is
complex.

H3b:The likelihood that an application will be abandoned is reduced for newer applications.

H3c:The likelihood that an application will be abandoned is reduced when the application is
being maintained by its developer.

H3d:The likelihood that an application will be abandoned is reduced when the application is
being extended by its user community.

Defend

The final drive of the four-drive model of human motivation is the drive to defend [66].
A natural precondition for survival is a desire to defend against external threats to
ourselves, our possessions, our friends and families, our beliefs, and our accomplish-
ments [66]. Rooted in the limbic region of our brain, the drive to defend is evident in the
fight-or-flight response that is integral to the behavior of many living organisms, includ-
ing humans [1]. Successfully defending against external threats induces feelings of
security and confidence, while failure to do so leads to fear and resentment [66]. In
extreme circumstances, the motivational desire to defend can make individuals highly
resistant to any form of change [63]. As such, the drive to defend suggests that the
various commitments that users make to the use of an application will significantly
reduce the likelihood that this application will be abandoned. Such commitments arise as
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a consequence of investments of time and other resources that are known to foster
dedication to a wide range of behaviors, practices, and beliefs irrespective of their current
value [e.g., 30, 101]. The drive to defend thus yields a form of persistent dedication to
a software application that can be expected to reduce the likelihood of application
abandonment. Specifically, prior work suggests the salience of both monetary and non-
monetary commitments to an application in reducing the likelihood of application
abandonment [29, 62].

Nonmonetary commitments encompass past actions that build support for a practice
or behavior, such as regular repetition, accumulation of expertise, and the development of
related practices. Over time such commitments lead to accomplishments, social relations,
and beliefs that people are motivated to defend. Organizations are, for example, less likely
to abandon practices when they have accumulated extensive experience with these
practices and when the practices are aligned with other organizational decisions and
activities [30, 101]. Nonmonetary commitment to personal-use software applications is,
however, especially evident in the time that users have dedicated to installing these
applications, becoming proficient in their use, and acquiring status. Such investments in
learning, expertise development, and reputation building will generally contribute to
heightened use [50, 86]. In addition, accumulation of expertise can create positive feed-
back loops as it helps application users to use an ever broader range of the capabilities that
an application provides [75]. There is, as a result, sound reason to expect that application
experience fosters commitment to an application that reflects the motivation to defend
[20, 32, 40].

Monetary commitments are evident in the various financial investments in a product,
practice, or behavior. Such commitments can notably decrease abandonment behavior, as
suggested, for example, by literature related to IS project escalation [e.g., 91]. This stream
of literature has repeatedly argued that the inability of organizations to abandon failing IS
projects is rooted in a sunk cost effect. Rather than halting their losses, organizations tend
to double down and “throw good money after bad,” relying on prior monetary commit-
ments to defend continued investments in failing projects. As such, the revenue model
used to generate income from a personal-use application can have significant implica-
tions for its abandonment by altering the nature and timing of the monetary commit-
ments that are made to the application [22]. Specifically, under a pay-to-use revenue
model, users must purchase an application prior to using it, while under free-to-use
models, users can access at least basic functionality for free and then pay at a later time
for added content or functionality [19, 52]. Revenue models that call for an initial
investment of financial resources induce a degree of application commitment that goes
beyond what might be rationally expected [7]. Users who make an up-front investment of
financial resources to gain access to an application can struggle to evaluate this applica-
tion independent of their investment and are therefore more likely to defend their
purchase by continuing to use the application [47]. Hence, we expect that both monetary
and nonmonetary commitments will impede the abandonment of personal-use software
applications such that:

HA4a:The likelihood that an application will be abandoned is greater when a user has made
less nonmonetary commitment to the application.
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HA4b:The likelihood that an application will be abandoned is greater when the user has not
made a monetary commitment to the application.

Methodology

Anonymous individual-level data were collected at two separate points in time from
a large desktop application ecosystem (Steam) that delivers primarily hedonically oriented
personal-use applications. The public application programming interface (API) of this
ecosystem made it possible to collect anonymous data that document the use of applica-
tions hosted on the platform at the level of individual users. However, owing to limita-
tions in the platform API, the time spent using each application could only be collected
for 2-week blocks rather than on a daily basis. As a result, our data collection effort
establishes the time that each of our targeted users spent using each of the applications in
their application portfolios during each of the 2-week blocks included in our initial and
follow-up data collection windows.

We undertook an initial data collection project from December 2015 through to
February 2016 that targeted 37,461 users randomly selected from a list of users active on
the platform’s discussion board. This method of sampling was adopted because a list of all
platform users was not publicly available. Our first round of data collection identified the
time that each of the 37,461 targeted users spent using each of the applications in their
application portfolio in each biweekly data collection period. Our initial dataset thus
included 972,166 dyadic user—-application records. Although the size of our data collection
window was limited by computational capabilities and data storage capacity, it was more
than sufficient to identify the applications that individuals were using at the time of the
initial data collection period. To ensure that the applications included in our final dataset
were being actively used, we restricted our initial set of user-application records to those
applications that had been used by their user for at least 30 minutes during our initial data
collection period. A time of 30 minutes was chosen to ensure that use of the applications in
our dataset had moved beyond initial exploration to active use. This yielded a dataset of
93,077 user—application dyads encompassing 16,754 users. Parallel to this effort we collected
data on application characteristics using the APIs provided by the Steam platform, as well as
a custom script that was designed to collect data on the discussion board activity of the users
in our dataset. We further engaged in manual data collection efforts to complement and
ensure the completeness of our automated data collection. We then consolidated all data
into a single dataset such that one row captured all data related to a specific user—application
dyad. Following removal of observations with missing data, our dataset included approxi-
mately 45,000 user-application dyads.

Identifying Abandonment

To identify instances where users had abandoned the use of an application, we undertook
a second round of data collection approximately 18 months later, in August 2017. As the
targeted platform reports the total number of minutes that an individual has used an
application since adding it to their portfolio, we were able to identify applications that
had not been used since our initial data collection window. This was accomplished by
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comparing total minutes of use at the time of initial data collection with total minutes of use
at the time of the second round of data collection. Approximately 20% of the user-
application dyads in our dataset represented applications that had not been used by the
user since our initial data collection. Given that 18 months had passed between our initial
and follow-up data collections, the observed disuse was deemed to be permanent in nature.
This assessment was in accord with prior work that has argued that a minimum of 6 months
is required for discontinuance to be considered permanent [65, 100]. However, the observed
discontinuance could indicate that a user had either abandoned the application or replaced
it with a functionally equivalent alternative application. Hence, to establish that an applica-
tion had truly been abandoned, we drew on the fact that the application ecosystem permits
users to categorize applications using tags. An application was thus deemed to have been
abandoned if its user had not used it since our initial data collection period and did not use
any other application in the same category within a 1-month window surrounding the time
of discontinued use. Approximately 7.6% of our observed last use events were thus
identified as abandonment events. After removing user—-application dyads that represented
replacements and users who had abandoned the entire Steam platform and for whom data
were thus unavailable, we were left with a dataset of 17,510 user-application dyads repre-
senting abandoned and nonabandoned applications.

Independent Variables and Control Variables

Although the second round of data collection was necessary to identify applications that had
been abandoned, final use of abandoned applications took place during our initial data
collection period. Abandonment was therefore deemed to have taken place after the period
when we last observed an individual using an application. For example, the application
depicted in Figure 2 would be deemed to have been abandoned by its user as of the end of
the sixth observation block. Most independent variables were thus measured in the period
of last observed use. However, this approach was not suitable for measuring use activity and
extra-use activity. Prior work indicates that a high level of use activity encompasses use
behavior that is recent, frequent, and of notable duration or intensity [39, 42, 44]. Since it is
not possible to establish use recency and frequency without evaluating behavior across some
period of time, we opted to examine a 6-period (12-week) window. It was felt that this
window was sufficiently large to adequately assess the recency and frequency of application
use without being excessively large. Nonetheless, we conducted robustness checks using
different time windows, and these checks yielded similar results.

Our use activity measure was constructed as an index that incorporates the recency,
frequency, and duration of application use in the 6 periods up to the last observed use
event. To create this index we first determined use recency by counting the number of periods
from the last observed use event to the use event that preceded it. For example, in Figure 2 it is
necessary to go back 3 periods from the last use event to identify the most recent previous use

Observed Use: | No observed | Observed Use: | No observed | No observed l Last observed No observed | No observed
15m use 3 use use Use: 60m use use
10/08/2015 10/22/2015 11/05/2015 11/19/2015 12/03/2015 12/17/2015 01/01/2016 01/15/2016 01/29/2016

Figure 2. lllustrative Example of Data Collection for a Single User—Application Dyad
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event. Second, we calculated use frequency as the number of periods during which an
application was used in the 6 periods up to the last observed use event. There are, for example,
3 such periods for the user—application dyad depicted in Figure 2. Third, we calculated use
duration as the total number of minutes that a user spent using an application during the
6 periods up to the last observed use event (105 minutes in Figure 2). This final measure was
subsequently scaled to align it with our measures of use frequency and recency by dividing the
full range of use duration in our dataset into 6 equally sized groups. A 6-point measure of use
duration for each user-application dyad was then determined by establishing which of these 6
groups corresponded to the application dyad’s total use time. Finally, to prevent collinearity
issues and capture the multidimensional nature of use activity, we averaged our measures of
recency, frequency, and duration to create our use activity measure. Our measure of extra-use
activity was similarly constructed by examining the 6 periods up to the last observed use event.
However, given that contributions to online communities are much rarer, we operationalized
extra-use activity as a simple binary variable that equals 1 if a user posted at least once to the
discussion board of the application during the 6 periods up to the last observed use event. Our
measure of extra-use activity thus captures the general tendency of a user to engage with an
application outside of regular use behavior, rather than the absolute level of contribution
behavior. A summary of all construct definitions and variable measures is provided in Table 3.
In addition to the constructs of interest, we included a variety of setting specific control
variables in our analysis. First, we included a binary variable that indicates whether the
application was developed by an independent developer (Developer Resources).
Independent developers often have fewer resources at their disposal that might result in
systematic differences in the likelihood of application abandonment. Second, we controlled
for the total time that a user has dedicated to using all applications on the Steam platform in
the 6 periods up to the last use event. This control was included to account for the possibility
that individuals who dedicate considerable time to the platform will be less likely to
abandon applications. Third, we accounted for the fact that some application developers
release paid application content, commonly referred to as downloadable content (DLC), by
adding a control variable that equals 1 if the developer released such content in the period of
last use. Fourth, we included a set of 6 binary variables to control for the different
application genres that are present in our dataset. While all applications in our dataset
are gaming applications, there may be some degree of heterogeneity between individual
genres. As such, we controlled for whether the developer of the application marketed their
application as belonging to the Action, Adventure, Role-Playing, Strategy, Simulation, or
Sports genre. Finally, we include three period fixed effects to control for time effects.

Analysis And Results

Table 4 provides descriptive statistics, variance inflation factors (VIFs), and correlations for
the core variables in our final model. Of the 17,510 user-application dyads in our sample,
approximately 8% represent abandonment events. Use activity averages 2.65, while extra-
use activity is relatively rare with only 3% of users posting to an application’s discussion
board. With respect to social influence, ~72% of observations are associated with applica-
tions that enable some form of in-application user interaction. Further, the average applica-
tion in our sample has more than 107,000 concurrent users. Applications are generally
positively reviewed, with the mean rating being 89 out of 100. The average application in
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Table 5. Results.

Logit Mixed effects
Variable (1) (2) (3) (4)
Use activity -0.342%** -0.022%** -0.405%** -0.023***
(0.023) (0.002) (0.028) (0.002)
Extra-use activity -0.575*% -0.037* -0.587 -0.034
(0.334) (0.022) (0.368) (0.021)
User interaction -0.246*** -0.016*** -0.304%*** -0.017***
(0.073) (0.005) (0.089) (0.005)
Application popularity -0.000 -0.000 -0.001 -0.000
(0.000) (0.000) (0.000) (0.000)
Application rating -0.051 -0.003 -0.145 -0.008
(0.405) (0.026) (0.443) (0.025)
Application complexity -0.017*** -0.001*** -0.020*** -0.001***
(0.003) (0.000) (0.003) (0.000)
Application age -0.020 -0.001 -0.019 -0.001
(0.015) (0.001) (0.019) (0.001)
Application maintenance -0.318*** -0.021*** -0.384*** -0.022***
(0.092) (0.006) (0.107) (0.006)
Community extensions —0.024*** -0.002%** -0.030%** -0.002%**
(0.009) (0.001) (0.011) (0.001)
Nonfinancial commitment -0.002%** -0.000*** -0.002*** -0.000***
(0.001) (0.000) (0.000) (0.000)
Financial commitment -0.253*** -0.016*** -0.329%** -0.019%**
(0.097) (0.006) (0.115) (0.007)
Developer resources -0.187** -0.012** -0.212%* -0.012**
(0.080) (0.005) (0.094) (0.005)
User budget -0.003*** -0.000%** -0.004*** -0.000%**
(0.000) (0.000) (0.000) (0.000)
DLC release 0.076 0.005 0.099 0.006
(0.234) (0.015) (0.281) (0.016)
Constant 0.096 0.015
(0.364) (0.405)
Genre controls Yes Yes Yes Yes
Week-fixed effects Yes Yes Yes Yes
AlC 8,251 — 8,169 —
BIC 8,430 — 8,355 —
Log likelihood -4,102.45 — -4,060.29 —
Number of users 8,066 8,066 8,066 8,066
Number of applications 662 662 662 662
Number of observations 17,510 17,510 17,510 17,510

Notes: Columns (1) and (2) show results of a logistic regression with (1) showing the raw coefficients, and (2) reporting
marginal effects. Similarly, column (3) shows the raw coefficients for a mixed-effect model, and (4) shows the
marginal effects. To account for intracluster correlations, we cluster standard errors at the user level for (1) and (2).
For the mixed-effect model, we allow the intercept to vary on the user level. With *p < 0.1, **p < 0.05, ***p < 0.01.

a user—application dyad is 15.05 gigabytes in size and 3.1 years old. Approximately 28% of
applications received a software update during the observation period, and the mean level of
user-generated content received by an application was 2.42 gigabytes per observation
period. Table 4 also shows that 85% of observations are associated with applications that
require an up-front financial commitment. The mean level of nonfinancial commitment,
measured as the total time that a user has utilized an application, is 201.42 hours. In terms of
control variables, we find that 63% of observations are associated with independent devel-
opers and that users in our sample spend an average of 138.5 minutes per observation
period using applications on the Steam platform. Finally, 2% of observations relate to user
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application dyads where the developer released DLC in the period of last use. None of the
variables included in our analysis raised multicollinearity concerns as indicated by low VIF
values.

Analysis of our sample is complicated by its hierarchical nature. In particular, one user
can use multiple applications and can thus be represented multiple times in our dataset. As
a consequence, we needed to account for possible intracluster correlations within user
clusters. Mixed-effects models account for such correlations by splitting variance into
a fixed portion that is constant across users and a random portion that is unique to
individual users. We therefore constructed a mixed effects logistic regression model as
well as a conventional logistic model where we clustered the standard errors at the user level
(Table 5). Although our dataset also contains multiple observations for some applications,
we allowed for random intercepts between users rather than applications as this reflects the
fact that users select applications rather than vice versa. Nonetheless, we estimated a model
where intercepts could differ across applications to ensure the robustness of our findings.
This alternative model yielded results that were similar to those that we report in Table 5.

Model Selection and Performance

To assess the appropriateness of the logit model relative to the mixed-effects model and
evaluate overall classification accuracy we performed a series of postestimation tests.
Specifically, we performed a likelihood ratio test and compared the AIC and BIC values
of the two models. These assessments suggested that the mixed-effects model outperformed
the conventional logit model. In addition, since the goal of the models is to predict
abandonment, we assessed and compared the classification accuracy of both models by
first dividing our dataset into a training sample that included 70% (12,257) of the total
observations and a hold-out sample that included the remaining 30% (5,253) of observa-
tions. In constructing these samples, we ensured that the average rate of abandonment
remained constant across samples. Logit and mixed-effects models were then constructed
using the training sample and the classification accuracy of these models was assessed
(Appendix D). To perform this assessment, we translated each model’s predicted prob-
ability into a binary outcome variable that denoted either abandonment or continuance.
Given that our dataset was highly imbalanced with respect to the two possible outcomes, it
was necessary to establish the probability threshold that would be used to discriminate
between these two outcomes since reliance on a default threshold of 0.5 would have yielded
an artificial increase in false negatives [69]. As our data were obtained via a random sample
that was expected to be representative of the population, we identified an optimal threshold
value through calculation of the Youden index, which aims to establish a threshold that
maximizes the sum of true positives and true negatives [59]. Using this threshold value, the
logit specification of the model achieved a modest classification accuracy of 71.4%
(Appendix D). However, the classification accuracy of the mixed effects model is notably
higher at 91.8%. This provides further evidence to support the superiority of the mixed-
effects model. Finally, having obtained estimates of classification accuracy for both the logit
and mixed effects models, we assessed out-of-sample classification accuracy for each model
using the hold-out sample. To do this we predicted abandonment using the coefficient
estimates obtained from the training data. Classification accuracy was 71.5% for the
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Figure 3. Graphical lllustrations of Marginal Effects Note: These figures show the marginal effects on the
likelihood of abandonment for continuous predictors in our model. Shaded areas in the graphs
correspond to the 95% confidence intervals.

conventional logit model and 92.4% for the mixed effects model. These values further
underscore the merits of the mixed effects model and demonstrate consistency in classifica-
tion accuracy between training and holdout data.

Hypotheses Testing

Having found that our mixed-effects model provides good predictive power and is superior
to our conventional logit model, we evaluated our hypotheses using the results reported in
column (3) of Table 5. Based on the coeflicients and significance tests reported in this table
we find support for all hypotheses except H1b (extra-use activity), H2b (application
popularity), H2c (application rating), and H3b (application age). To understand the mag-
nitude and practical significance of our results, we examined the calculated marginal effects
reported in column (4) of Table 5. We first discuss the results for binary predictors before
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Table 6. Split Sample Analysis.

m @ ©)]

Variables User Interaction No user interaction Difference

Use value —-0.4271%** -0.361*** -0.06
(0.041) (0.046)

Nonuse value -0.843 -0.347 -0.496
(0.526) (0.528)

Application popularity -0.001*** -0.013*** 0.012***
(0.000) (0.004)

Application rating 0.907 -1.311* 2.218%**
(0.593) (0.752)

Application complexity -0.018*** -0.030%** 0.012*
(0.004) (0.006)

Application age -0.081*** 0.050 —-0.131%**
(0.027) (0.032)

Application maintenance -0.364** -0.507** 0.143
(0.143) (0.200)

Community extensions 0.011 —0.040%** 0.051*
(0.022) (0.015)

Nonfinancial commitment -0.002%** —0.004*** 0.002*
(0.000) (0.001)

Financial commitment -0.389%** -0.429* 0.04
(0.147) (0.238)

Developer resources -0.224* —0.405*** 0.181
(0.134) (0.151)

User budget -0.004*** -0.003*** -0.001*
(0.001) (0.001)

DLC release 0.443 0.058 0.385
(0.428) (0.400)

Constant -1.328*%* 1.316* -2.644%*
(0.530) (0.714)

Genre controls Yes Yes

Week-fixed effects Yes Yes

Observations 12523 4987

Log likelihood -2517.04 -1532.55

Notes: This table shows the results of testing for systematic differences in coefficients between a sample
containing only those applications that support in-application user interactions (column 1) and those that
lack this functionality (column 2). Results of the two individual regressions have been combined using
seemingly unrelated estimations techniques and standard errors have been clustered at the user level.
Column (3) reports the results of a Wald test for differences in coefficients. With *p < 0.1, **p < 0.05, ***p <
0.01.

moving to continuous predictors, given that interpretation of the latter is rendered some-
what more difficult due to the inherently nonlinear nature of our logit model. For the three
statistically significant binary predictors (user interaction, application maintenance, and
financial commitment), the marginal effects reported in column (4) of Table 5 represent
instantaneous rates of change in the probability of abandonment. Hence, the likelihood of
abandoning an application that supports some form of user interaction is, on average, 1.7%
lower than for an application that lacks such support. Similarly, recent developer main-
tenance activity reduces the likelihood of abandonment by 2.2% and applications that
require a monetary commitment are 1.9% less likely to be abandoned.

To explore the effect of the statistically significant continuous predictors we plotted the
marginal predicted probability of abandonment at different levels of the focal variable while
holding all other variables at their means (Figure 3). With respect to H1a, we find evidence
that use activity in the preceding 12 weeks has a strong negative influence on the likelihood
of abandonment. Limited use activity is associated with a likelihood of abandonment of
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around 15%. In contrast, the likelihood of abandonment falls to under 5% for users with
high levels of use activity. We further observe that increased application complexity is
associated with a notable decrease in the likelihood of abandonment in accordance with
H3a. We also see that application extensions provided by the user community have
a significant negative effect on the likelihood of abandonment in accordance with H3d. In
this case, the likelihood of abandonment falls from approximately 10% for applications
without user extensions to under 5% when notable levels of such extensions are being
posted by the user community. Finally, with respect to H4a and the influence of nonmo-
netary commitment, we observe that the likelihood of abandonment falls from ~10% for
users with limited nonmonetary commitment to ~2% for users with high levels of such
commitment.

Additional Analysis

To shed further light on our results and assess the robustness of our findings, we conducted
some post hoc analysis. Specifically, we split our sample into two groups based on whether
a user—application dyad represents an application that supports some form of in-application
user interaction. This split was motivated by the possibility that the process of application
abandonment for applications that support in-application user interactions might be
systematically different from those that do not support any such interactions. In the latter
case, user retention and experience are primarily driven by user interaction with the
application and the content provided by its developers. For the former case, a notable
portion of the user experience might reflect social interactions that take place within the
application. Since most of the applications in our sample (73%) support some form of in-
application interaction, effects for applications that do not support such interactions might
be masked.

Split sample analysis was adopted over the alternative of including interaction terms in our
model because we did not have specific hypotheses for interaction terms. As such, it would
have been necessary to include interactions for all variables in our model to yield results that
are comparable to those generated with our split sample analysis. In addition, split sample
analysis is both simple and easy to understand. Finally, split sample analysis is suited to our
data because it can be divided into two distinct, meaningful categories based on whether
support is provided for in-application user interaction. Hence, we conducted separate
analysis on our two subsamples and tested for differences in the coefficients obtained from
these two subsamples (Table 6). Since split sample analysis does not provide direct tests of
statistical significance, as would be the case for interaction terms included in a regression
model, we tested for differences in coefficients by combining the covariance matrices of the
individual logit regressions using seemingly unrelated estimation techniques. In so doing, we
accounted for the nested nature of the data by clustering standard errors on the user level.
This process allowed us to test for the equality of individual coefficients using a modified
Wald test. Columns (1) and (2) of Table 6 report the coefficients obtained for applications
that support in-application user interaction and those that lack such support, while column
(3) reports differences between these two estimates and the significance of these differences.

Results of our split sample analysis reveal some interesting differences. Specifically,
application popularity and application rating have significantly stronger implications for
the abandonment of applications that do not support any form of in-application user
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interaction. This suggests that indirect opportunities for bonding can substitute for direct
forms of bonding when the latter are unavailable. A similar observation can be made for
application complexity and community extensions, both of which are more likely to reduce
the likelihood of application abandonment for applications that do not support in-
application user interaction. This suggests that the motivation to comprehend can sub-
stitute for the motivation to bond in reducing the likelihood of abandonment. Finally, our
results indicate that older applications that support in-application user interactions are less
likely to be abandoned than older applications that lack such support. This suggests that
support for in-application interaction can offset the negative consequences of application
aging. Hence, although the general pattern of results in our split sample analysis is in
alignment with our main analysis, the split sample analysis also reveals some interesting
differences.

Discussion

Abandonment of software applications is an overlooked phenomenon of notable impor-
tance to managers and consumers. We therefore developed a framework for understanding
motivations behind application abandonment that is based on two separate reviews of prior
work and grounded in the four-drives model of human motivation. Drawing on this
foundation, we presented four general propositions concerning the abandonment of soft-
ware applications. We then formulated research hypotheses in accordance with these
propositions and empirically tested our hypotheses using an archival dataset collected
over a 2-year period. This dataset documents the application abandonment behavior of
more than 8000 users of more than 660 hedonic personal-use software applications, and it
thus provides a novel opportunity to understand application abandonment based on the
actual behavior of a relatively large sample of application users. Results of our analysis
indicate that, in general terms, application abandonment decisions can be significantly
influenced by the motivations of individuals to acquire status and experience, bond with
others, comprehend and grow, and defend their efforts.

In broad terms, we present a theoretical model for understanding application abandon-
ment that is predicated on fundamental human motivations and grounded in prior research
that has examined abandonment in general and IS end-of-life decision making in particular.
This framework is both broadly inclusive and based on innate human tendencies that are
stable and enduring [66]. As such, it provides some degree of integration and cohesiveness
to existing IS end-of-life research, particularly the not inconsequential body of this work
that has relied on relatively limited theoretical foundations. We thus believe that our effort
to review and develop the theoretical foundations of prior work represents an important
contribution that can provide stronger grounding for future research related to application
abandonment, as well as other end-of-life phenomena such as application switching and
upgrading. While specific research hypotheses may vary depending on context and the
phenomenon being examined, the research propositions that we present are based on innate
human motivations and they thus provide guidance to researchers examining end-of-life
decisions in a wide range of contexts. Prior work suggests, for example, that the abandon-
ment of social media services tends to be dominated by influences related to the drive to
bond. However, our work indicates the potential salience of a broader range of motivations
while simultaneously identifying the theoretical basis for these motivations.



INTERNATIONAL JOURNAL OF ELECTRONIC COMMERCE ‘ 73

In addition to offering a broad-based theoretical contribution to the literature, our
research also offers interesting empirical insights that are of significance to researchers
and practitioners alike. As a starting point, our analysis provides robust evidence that the
motivational drive to acquire achievement and status through application use activity has
a broad and strongly negative influence on the likelihood of application abandonment.
Specifically, in accordance with prior work related to application adoption [89], we find that
frequent, recent, and intense application use activity significantly reduces the likelihood that
a personal-use application will be abandoned. The importance of application use activity is
such that it can, on average, reduce the likelihood of application abandonment by well over
10%. Hence, although the general result was anticipated based on prior work in the domains
of application continuance and switching, the strength and economic significance of the
influence that we demonstrate are quite compelling. In contrast, our results provide only
limited evidence that extra-use activity, in the form of contributions to an application’s user
community, has significant implications for the abandonment of personal-use applications.
Specifically, the negative impact of extra-use activity on the likelihood of application
abandonment is only significant in our conventional logistic regression model.
Nevertheless, given the notable body of work demonstrating the power of such activity to
engage users [8], we believe that it is still reasonable to expect that users who are engaged in
application-related extra-use activities can derive the achievement, experience, and status
needed to fill the drive to acquire. The limited prevalence of such activity among the users in
our dataset means, however, that this effect is not statistically significant in our mixed effects
model. As such, we feel there is considerable opportunity to further explore the implications
of extra-use activity for application abandonment.

While our work indicates that the drive to acquire is a powerful motive force behind
application abandonment decisions, we also find strong evidence to suggest that the drive to
bond can be a similarly powerful motivation. Specifically, personal-use applications that
support some form of in-application user interaction are significantly less likely to be
abandoned. By providing a mechanism for users to meet their needs to bond and connect,
these applications fill important human needs. In addition, our work indicates that the
implications of the drive to bond can be complex. In particular, while application popularity
and application rating did not significantly influence the likelihood of application abandon-
ment in our main analysis, results of a subsequent split sample analysis suggest that
application popularity and rating do significantly influence the likelihood of abandonment
for applications that do not support in-application user interactions. As such, it seems that
personal-use applications can support a wide range of direct and indirect mechanisms to
meet user needs to bond and connect with others. While the specific nature of these
mechanisms may vary depending on the applications in question, there would appear to
be considerable opportunity to further explore the full spectrum of these mechanisms.

In contrast with many physical products, software applications hold notable potential to
evolve in response to changing circumstances. This flexibility imbues applications with the
capacity to remain relevant to their users even as these users pursue new interests and
confront changing needs. This suggests that software applications have considerable poten-
tial to meet user motivations to comprehend and grow even over extended periods of time.
This is supported by our finding that ongoing developer efforts to maintain and update
applications can significantly reduce the likelihood that these applications will be aban-
doned, irrespective of whether they support in-application user interaction. In addition, we
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find that greater application complexity also reduces the likelihood that the hedonically
oriented applications in our dataset will be abandoned. The effect of application complexity
is, however, significantly stronger for applications that do not support in-application user
interactions. This suggests that the drive to comprehend and grow can serve as a partial
substitute for the drive to bond when applications provide relatively limited opportunities
to meet this latter need. We also find some evidence that developer maintenance efforts can
be complemented by user efforts to create and share application extensions with other
members of an application’s user community, particularly for applications that do not
support in-application user interactions. For these applications, our split sample analysis
indicates that community extensions significantly reduce the likelihood of application
abandonment. Such extensions can be particularly responsive to user needs, given that
they can be released with few of the constraints that impede the release of formal software
updates. As such, they can support user motivations to learn and grow when needs for
bonding and connection may not be fully met.

Finally, we demonstrate the importance of the drive to defend for application abandon-
ment. Once users make monetary and nonmonetary commitments to an application, our
results suggest that they are motivated to defend these commitments such that greater
commitments lead to significantly reduced likelihood of application abandonment.
Specifically, the need to purchase an application was found to significantly reduce the
likelihood that users would abandon this application. Similarly, nonmonetary commitment,
as evidenced in dedication to use of an application over time, was also observed to reduce
the likelihood that individuals would abandon hedonically oriented software applications.
In addition, the impact of monetary and nonmonetary commitments on the likelihood of
application abandonment is evident in both our main model and our split sample analysis.
This suggests that these commitments are of broad-based importance. Our work thus
indicates that users will grow increasingly reluctant to abandon applications as their
monetary and nonmonetary commitments to these applications accumulate. This is in
accordance with work that demonstrates that prior resource commitments undermine the
willingness of decision makers to make economically rational choices [e.g., 7, 91]. Hence,
while continued use of redundant or unnecessary applications may provide users with some
value, there is notable risk that users will fail to pursue more economically rational uses of
their time as a consequence of their motivation to defend the extensive commitments they
have made to the use of these applications.

Implications for Practice

Given the negative consequences of abandonment for application developers, our work
offers a number of important insights for practicing managers. First, our finding that
abandonment is significantly more likely to occur in the absence of monetary commitments
is of value to developers that rely on business models that provide free or low-cost
applications and then generate revenue streams from microtransactions within the applica-
tion environment [19]. More generally, our finding that both monetary and nonmonetary
application commitments can reduce the likelihood of application abandonment suggests
that developers would benefit from a wide range of initiatives aimed at understanding and
nurturing various forms of application commitment. Application abandonment might, for
example, be reduced by seeking application endorsements from users who appear to be at
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some risk of abandonment or by inviting these users to participate in application testing
programs. In addition, the salient role of developer maintenance and community extensions
in reducing application abandonment highlights the need for developers to build evolva-
bility into their applications. Such evolvability should be central to initial application design
and then leveraged throughout an application’s life cycle to support user motivations to
comprehend and grow. This can be achieved via the regular release of application updates
and by encouraging application users to actively engage in the processes of application
evolution. Such engagement can include creation and posting of application content to
application user communities as well as active participation in developer led evolution
through, for example, participation in focus groups or submissions of suggestions for
application improvements. Finally, in general terms, we provide quantitative, empirically
grounded understanding of the relative impact of the four motivational drivers of human
behavior on the likelihood that personal-use applications will be abandoned. Such practical
insights can be used to guide developer planning and resource allocation to the most
effective mechanisms for reducing abandonment.

Limitations

Our research examined application abandonment in a hedonically oriented personal-use
context. As such, questions can be asked concerning its relevance to more utilitarian
contexts. We believe, however, that the general understanding of the motivations under-
lying application abandonment offered by our framework provides guidance to IS research-
ers working in a broad range of contexts, including those that are more utilitarian in nature.
In addition, given the large and growing importance of personal-use applications, we
believe that the insights we offer are of direct relevance to a significant and growing
group of researchers and practitioners. A second limitation of our work is that we examine
only application abandonment events, rather than the entire process of application aban-
donment. As a consequence, we are unable to comment on the possibility that a significant
period of decommitment or deescalation of use-related activity may be necessary to move
users from the emergence of some form of abandonment intention to the actual abandon-
ment behavior that we observe [60, 98]. Nevertheless, although we were not seeking to offer
a process-oriented view of abandonment, we believe that our research provides founda-
tional insights for those researchers who might seek to examine the entire application
abandonment process in more depth. Further to this, the data that we analyze are relatively
cross-sectional in nature. This can constrain the causal inferences that are possible. Our
dependent variable was, however, measured subsequent to the measure of our independent
variables, which supports at least some degree of causal inference. Finally, our research
examined application abandonment that took place within a relatively limited time period.
We are, therefore, unable to provide insights concerning how the motivations behind
abandonment may be changing over time, as might, for example, be occurring as new
technology trends emerge. By focusing on a relatively narrow time period we are, however,
able to examine these motivations without confounding influences that might be intro-
duced as technologies evolve over time. Hence, although we encourage more longitudinal
inquiry, a strength of our research is that our findings are unlikely to have been impacted by
technological innovations and other contextual changes that take place over time. We
therefore believe that we offer a significant contribution to the literature despite some of
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the limitations that have arisen due to our specific research focus and the challenges
associated with collecting data that documents actual application abandonment events
over extended periods of time.

Future Research

Our initial examination of individual-level application abandonment suggests a wide range of
future research opportunities. In broad terms, there are opportunities for research that seeks to
triangulate our findings using alternative methods such as surveys and experiments, alternative
approaches to analysis such as survival analysis, and alternative measures for constructs such as
application use activity. More specifically, further in-depth examination of how community
contributions impact abandonment and the types of contributions that most strongly support
the drive to comprehend would be of considerable value to both research and practice. Further
to this, there would seem to be considerable opportunity to explore the full spectrum of
mechanisms that might be used by applications to support the drive to bond and to examine
the implications that each of these might have for application abandonment. In addition, there
are numerous opportunities to extend our split sample analysis to explore how the influences
that we have identified interact with each other and how they might be moderated by other
contextual factors [37]. Also, as suggested previously, there are some opportunities to explore
abandonment as a process that occurs over time rather than as a discrete event. Such inquiry
could help to better understand variation in the rate at which individuals progress toward
abandonment and the forces that alter this process [98]. It might, for example, be that the
abandonment events we observe mark merely the endpoint of a process that extends for some
period of time as user motivations weaken [82]. Inquiry in this area could be guided by the four-
drives model of human motivation, which our work suggests is well suited to exploring
application abandonment. In addition, an interesting line of inquiry would be to explore how
other forms of application commitment such as acquiring application certifications might foster
the drive to defend. Further to this, it could also be the case that users who are engaged in an
application community identify themselves as committed users of the application and are thus
less likely to abandon their use of the application [73].

Conclusion

We drew upon the four-drives model of human motivation to develop a research model that
provides a basis for understanding the motivations behind decisions to abandon the use of
hedonically oriented personal-use software applications. We then tested this model using
a dataset that documents the use behavior of more than 8000 users. Results of our analysis
demonstrate the importance of the drives to acquire, bond, comprehend, and defend in
reducing the likelihood of application abandonment. Split sample analysis further demonstrates
how these motivational drivers can operate in parallel and substitute for each other. The work
that we report thus provides empirically grounded guidance to practitioners seeking to reduce
the likelihood of application abandonment. It also provides a theoretically grounded, empirically
validated framework for understanding abandonment that can be used to guide a wide range of
research initiatives related to the abandonment of software applications as well as other beliefs,
behaviors, attitudes, and assets of managerial importance.
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Appendix D. Classification Matrices

Logit model (Threshold= 0.09)

Training data (classification accuracy = 0.714)

Predicted Observed
Continuance Abandonment Total
Continuance 8,099 286 8,385
71.52% 30.65%
Abandonment 3,225 647 3,872
28.48% 69.35%
Total 11,324 933 12,257
Holdout data (classification accuracy = 0.715)
Predicted Observed
Continuance Abandonment Total
Continuance 3,481 124 3,605
71.73% 31.00%
Abandonment 1,372 276 1,648
28.27% 69.00%
Total 4,853 400 5,253

Mixed-effect logit model (threshold= 0.09))
Training data (classification accuracy = 0.918)

Predicted Observed
Continuance Abandonment Total
Continuance 10,410 86 10,496
91.93% 9.22%
Abandonment 914 847 1,761
8.07% 90.78%
Total 11,324 933 12,257
Holdout data (classification accuracy = 0.924)
Predicted Observed
Continuance Abandonment Total
Continuance 4,495 39 4,534
92.62% 9.75%
Abandonment 358 361 719
7.38% 90.25%

Total 4,853 400 5,253
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