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Abstract 

Technology-related addictions have become common 
in many societies. Consequently, IS research has 
started examining such issues. In these embryonic 
stages of research, this line of work has already shown 
some promise in terms of understanding and tackling 
technology addiction problems. Nevertheless, there is 
a need to step back and understand the roots of 
technology-related addictions and how their 
foundations evolved in reference disciplines in order to 
be able to conduct more scientifically informed 
research on such issues. This study, therefore, 
explains the concept of behavioral addictions (the 
family of addictions to which technology-related 
addictions presumably belong), reviews the field’s 
history and evolution, explains the relevant brain 
circuitry, and discusses similarities and differences 
between behavioral and substance addictions. A 
synthesis of this information provides eight key 
observations and recommendations that should help 
the field move forward.  

Keywords: Behavioral Addictions; Technology 
Addiction; Excessive Use of Information Systems; 
Information Systems. 

Introduction 

The topic of behavioral addictions has traditionally 
been studied in the fields of psychology, psychiatry, 
and neuroscience and has been documented in the 
journals of these disciplines. One noticeable exception 
is technology-related addictions (hereafter 
“technology addiction”): this line of research has 
recently captured the attention of IS academics who 
have started documenting their discoveries in various 
IS outlets, ranging from conference proceedings to the 
prestigious “Basket of Eight Journals.” Two arguments 
can be made to explain this unique positioning of the 
psychology/psychiatry research topic with the IS 
discipline. First, the concept of technology addiction 
revolves around the IT artifact and affects patterns of 
IT use and IT users. Having advanced knowledge of 
various technologies and technology use issues 
benefits the research process because it allows 
researchers to better understand all aspects, including 
abnormal, of human-computer interaction processes, 
explain their findings from the users’ perspective, and 
make recommendations for system designers. 
Second, requiring IS scholars to publish their 
technology addiction research solely in 
psychology/psychiatry journals would contribute to 
psychology/psychiatry research but do little for the 
advance of IS scholarship (Nunamaker & Briggs, 
2011). For these reasons, IS scholars pursue 
technology addiction topics and document their 
discoveries in traditional IS outlets. 
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With this in mind, technology addiction has become an 
important IS research topic that represents the 
extreme, abnormal side of use, which has, 
unfortunately, become quite common. However, a key 
challenge faced by technology addiction researchers 
is that the theoretical foundations of this concept exist 
in a multi-disciplinary body of knowledge, including in 
journals in the fields of psychology, psychiatry, and 
neuroscience – i.e., reference disciplines (Wade, Biehl, 
& Kim, 2006). Acquiring such knowledge requires a 
substantial investment of effort and, most importantly, 
time, which is difficult to afford given the contemporary 
“publish or perish” culture and borderline-unrealistic 
promotion and tenure requirements. Nevertheless, 
attempting to study technology addiction without fully 
understanding the essence of behavioral addictions 
(the family of addictions to which technology 
addictions belong) as documented in reference 
disciplines may lead to erroneous conclusions and 
faulty recommendations. The authors of this paper 
have observed such inter-disciplinary frictions and 
inconsistencies when serving as the senior editors, 
associate editors, and reviewers, as well as being 
authors and readers, of papers on technology 
addiction. 

To help IS researchers understand the theoretical and 
methodological aspects of technology addiction, we 
present a series of articles that rely on the 
neuroscience, psychiatry, and psychology literatures. 
Technology addiction is a type of behavioral addiction 
in which the addictive behavior is conducted by means 
of an IT artifact. Thus, before embarking on the 
investigation of technology addiction, IS researchers 
should understand the conceptualization, historical 
development, and underlying cognitive processes of 
behavioral addictions. This is the objective of the 
present, inaugural publication. 

What Are Behavioral Addictions? 

The term addiction has traditionally been associated 
with a continued use of various substances such as 
alcohol, tobacco, and drugs. Gradually, the notion of 
behavioral addictions has attracted the attention of the 
research community and the general public with 
examples pertaining to gambling, sex, food, shopping, 
work, tanning, and exercise (Ascher & Levounis, 2015). 
More recent and widely publicized instances of 
behavioral addictions also include the use of 
information technologies (IT) such as video games, 
smartphones, and social networking sites (Griffiths, 
2018) to such an extent that people ruin their 
marriages, destroy careers, fail school, and lose real-
life friends. In one particular story, a couple’s three-
month-old daughter died of starvation while her 
parents were raising a virtual child in a video game 
(Salmon, 2010). But what is this bizarre, 

counterintuitive behavior in which individuals engage 
despite its potential harm, and why does it exist? 

Behavioral addictions are a specific group of mental 
and behavioral disorders that do not include the 
ingestion of psychoactive substances (Demetrovics & 
Griffiths, 2012). They are defined as a psychological 
dependence on repetitive behaviors that feature the 
core components of addiction: salience, mood 
modification, tolerance, withdrawal, conflict, and 
relapse (Griffiths, 1996, 2005, & 2018) (see Table 1). 
These typically impair normal functioning and can 
easily be observed by most people. Behavioral 
addictions are fundamentally different from habit 
because the latter does not include the manifestation 
of the core addiction components, may be healthy, and 
may not adversely affect normal functioning. 

The same definition and core symptoms apply to the 
concept of technology addiction, which is a 
psychological dependence on the use of a particular 
IT artifact resulting in the six symptoms discussed 
above (Turel, Serenko, & Giles, 2011). Whereas the 
magnitude of each core symptom may vary, typically 
all six of them must be present, at least to some extent, 
to conclude that a user experiences some degree of 
technology addiction. Ultimately, some impairment of 
normal functioning caused by the behavior pattern 
also needs to be apparent. Without such impairment, 
we may be looking at an extreme habit but cannot call 
the phenomenon an “addiction.” 

Because technology addiction is a form of behavioral 
addiction, it is important for researchers to understand 
the nature and development of this area of research 
as presented below. 

The History of Behavioral Addictions 

Behavioral addictions attracted the attention of 
psychology and psychiatry researchers in the early 
1980s. However, the very existence and conceptual 
foundations of behavioral addictions have been 
sporadically documented since the invention of writing. 
For example, the earliest dice and rolling boards ever 
discovered date to 3000 BC, and various forms of 
gambling have existed in virtually all human cultures 
throughout the entire history of our civilization 
(Schwartz, 2006). The first instance of behavioral 
addictions in the form of gambling addiction is 
mentioned in the Rig Veda, an ancient collection of 
Indian texts written between 1500 BC and 1200 BC, 
which clearly describes the financial, familial, and 
emotional consequences of an extreme gaming 
behavior when the gambler lost his wife, relatives, a 
house, money, and all personal belongings but was 
still unable to cease gambling (Griffith, 2017 (Mandala 
10, Hymn 34)). Commodus, the Roman emperor who 
lived in the second century AD, bankrupted the regime  
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Table 1. The Core Components of Behavioral Addictions 

Component Definition Example 

Salience The behavior becomes an extremely important activity in 
one’s life, dominates one’s thinking, creates cognitive 
distortions, and causes cravings. 

Someone addicted to shopping may devote as much time 
as possible to this activity as well as crave and ruminate 
on shopping when being unable to shop due to time or 
financial constraints. 

Mood 
modification 

The arousing or tranquilizing shift in one’s mood as a 
result of an addictive behavior. 

A morning gambling session may boost one’s mood, but 
an evening session may have an opposite, calming effect 
on the same person. The predictable shift in one’s mental 
state allows the person to manipulate his/her mood by 
means of addictive behavior. 

Tolerance Longer and/or higher intensity behavioral sessions are 
required to achieve the mood-modification effect. 

To experience the same “high,” a person addicted to 
tanning might need to spend increasing amounts of time 
tanning and/or increase the level of exposure in a tanning 
bed. 

Withdrawal Unpleasant psychological feelings (e.g., agitation, mood 
swings, emotional exhaustion) and/or physical discomfort 
(e.g., nausea, headache, insomnia, loss of appetite) are 
experienced when the addictive activity is reduced or 
suspended. 

A person addicted to food may become very irritable even 
when not hungry if he/she is unable to eat. 

Conflict The addictive behavior is at odds with other activities – 
such as school, social life, hobbies, work, familial 
responsibilities, etc. – leading to various negative 
consequences for the individual and/or others. 

Someone addicted to exercise may sacrifice family time 
and/or reduce work hours due to an inability to moderate 
the exercise activity. 

Relapse A person repeatedly tries to reduce or discontinue the 
addictive behavior but reverts to the previously 
established behavioral patterns. All attempts to moderate 
or terminate the behavior fail, and the previous levels of 
behavior are restored after abstinence periods. 

Someone addicted to sex may make numerous attempts 
to cease the behavior but will revert to it even after long 
periods of abstinence. 

because of his gambling addiction and turned the 
imperial palace into a casino (Schwartz, 2006). In the 
16th century, Gerolamo Cardano, a prolific 
mathematician and avid gambler, publicly recognized 
himself as being “inordinately addicted to the chess-
board and the dicing table” (David, 1962, pp. 56-57). 
In 1816, Andre Matthey, a Swiss doctor, invented the 
term “klopemanie” – currently referred to as 
kleptomania – which is the impulsive theft of objects 
having little or no value for the culprit (Whitlock, 1999). 
Cases describing individuals having unrestrained and 
excessive sexual appetites that require treatment 
were documented by Rush (1812) in the 18th century. 
In addition, pyromania, a disorder in which an affected 
individual deliberately sets things on fire, was well-
documented in the first half of the 19th century 
(Prichard, 1842). 

In 1844, the Association of Medical Superintendents of 
American Institutions for the Insane was established – 
the organization which later changed its name to 
American Psychiatric Association (APA). In 1917, it 

published the Statistical Manual for the Use of 
Institutions for the Insane (SMUII), which listed 22 
mental diagnoses, but none of them pertained to 
behavioral addictions (APA, 1918) (see Figure 1). The 
first version of the Diagnostic and Statistical Manual of 
Mental Disorders (DSM-I) published by the APA 
included a general description of obsessive 
compulsive reaction as the “persistence of unwanted 
ideas and of repetitive impulses to perform acts which 
may be considered morbid by the patient” (APA, 1952, 
p. 33), which somewhat corresponded to behavioral 
addictions. However, it did not offer definitions or 
examples of behavioral addictions. DSM-II included a 
similar description under the term of obsessive 
compulsive neurosis (APA, 1968). In 1968, both the 
World Health Organization (WHO) and the APA 
replaced the term drug addiction with drug 
dependence (Maddux & Desmon, 2000). As a result, 
dependence became an official term used in 
psychology and psychiatry literature and practice, and 
it even occasionally appeared as behavioral 
dependence.
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Figure 1: Classification of Behavioral Addictions by the APA 

DSM-III included three types of behavioral addictions 
– pathological gambling, kleptomania, and pyromania 
– which were listed under impulse-control disorders 
and which had to have three essential elements: 1) 
inability to resist the impulse, drive, or temptation to 
act in a manner that is harmful for the individual or 
others; 2) some experienced tension before acting; 
and 3) a sense of pleasure, gratification, or release 
during the behavior. DSM-III also clearly excluded 
behavioral addictions from obsessive compulsive 
disorder/neurosis by arguing that “the individual 
derives pleasure from the particular activity and may 
wish to resist it only because of its secondary 
deleterious consequences” (APA, 1980, p. 235). DSM-
IV (APA, 1994) and DSM-IV-TR (APA, 2000) slightly 
expanded the list of behaviors above by adding 
trichotillomania (pulling out of one’s hair) and, again, 
differentiated such behaviors from obsessive-
compulsive disorder. DSM-IV-TR also stated that an 
individual may or may not show regret, self-reproach, 
or guilt after the act. A distinctive feature of DSM-IV-
TR is that it completely omitted the term “addiction” 
from its classification of mental disorders.  

DSM-5 (the latest version of DSM when this paper was 
written) introduced several drastic changes to the 
classification of behavioral addictions. First, it re-
classified trichotillomania as an obsessive-compulsive 
disorder and expanded this list by adding hoarding 
disorder (excessive acquisition of objects and the 
inability to discard them) and excoriation (skin-picking). 
Second, it retained kleptomania and pyromania as 
impulse-control disorders. The work group that 
developed DSM-5 also considered including other 
forms of behavioral addictions – such as sex, food, 
exercise, and shopping – but decided to omit them due 

to insufficient evidence (O’Brien, 2014). Third, it 
brought back the term addiction and listed gambling 
disorder as a type of non-substance-related addictive 
disorder (APA, 2013). The rationale was that the term 
addiction more clearly describes a behavioral disorder 
than the term dependence does and that the former is 
less vague because dependence can be easily 
confused with other terms (e.g., interpersonal 
dependence). Fourth, it acknowledged a possibility of 
Internet gaming disorder by listing it under conditions 
for further study (section III of DSM-5). 

The International Classification of Diseases (ICD), 
maintained by the World Health Organization (WHO) 
under the mandate of the United Nations, recently took 
this a step further. In its most recent version of ICD-11 
released in 2018, it listed hoarding disorder and body-
focused repetitive behavior disorders (hair-pulling, 
skin-picking, lip-biting) as obsessive-compulsive 
disorders, and pyromania, kleptomania, and 
compulsive sexual behavior as impulse-control 
disorders (WHO, 2018). Most importantly, it introduced 
a separate category of disorders due to addictive 
behaviors, which includes gambling disorder and 
gaming disorder, where the latter is defined as a 
pattern of persistent or recurrent online and/or offline 
gaming behavior accompanied by impaired control, 
salience, and conflict in which the symptoms must be 
evident for a period of at least 12 months (see Reed et 
al. (2019) for a comprehensive review). 

The latest DSM and ICD classifications (at the time of 
writing) are not the final word on these matters: they 
are expected to be gradually updated or even replaced. 
It is for this reason that Arabic numerals are now being 
used to indicate DSM versions: for example, future 
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updates may be referred to as 5.01, 5.1, 5.5, etc., 
depending on the magnitude and/or importance of the 
changes. Such indications would have been more 
difficult to achieve with the use of the Roman numerals 
(i.e., V). As evidenced by the need for such flexibility, 
the classifications of mental disorders are in constant 
flux as new empirical evidence is being accumulated 
at an exponentially growing pace. 

Brain Circuitry of Addiction 

Behavioral addictions are considered a “primary, 
chronic disease of brain reward, motivation, memory 
and related circuitry” (ASAM, 2011, p. 1), where 
dopamine plays a critical role. Dopamine is a 
neurotransmitter (i.e., a chemical messenger) carrying 
signals between neurons (i.e., nerve cells). It is 
released under two conditions: 1) when a person is 
exposed to external (e.g., visual, olfactory, tactile, 
gustatory, auditory) or internal (e.g., mental) stimuli 
associated with a subject of behavioral addiction, and 
2) when a person is engaged in a rewarding behavior, 
including those behaviors he/she is addicted to 
(Yacubian & Büchel, 2009). After being activated and 
released in the ventral tegmental area of the brain, 
dopaminergic neurons send projections to the brain 
regions responsible for the processing of rewards, 
such as the ventral striatum, amygdala, and ultimately 
the prefrontal cortex.  

After synthesis, dopamine is stored in synaptic 
vesicles inside a neuron. Upon release, a single 
neuron does not travel throughout the person’s entire 
mesolimbic pathway. Instead, the transmission 
process resembles a chain reaction in which 
discharged dopamine cells bind to dopamine 
receptors in other neurons (D2 receptors, in cases of 
addiction) and activate them, which, in turn, send 
activation signals to release their own dopamine: this 
results in a domino effect lasting until the signal 
reaches a terminal brain area (Beaulieu & Gainetdinov, 
2011). Despite its complexity, the transmission 
process is almost instantaneous. When dopamine 
reaches its final destination, a person experiences the 
feeling of pleasure, excitement, or arousal associated 
with a reward – the strength of which (in healthy 
people) is proportional to the amount of dopamine that 
reached the corresponding brain regions (Volkow et al., 
2002). 

When individuals continuously engage in a behavior 
that is accompanied by a release of dopamine 
resulting in intrinsic rewards, their reward system 
becomes hyper-active in terms of the processing and 
integration of information among various circuits and 
functions of the brain, leading to two major changes 
(Reuter et al., 2005; Volkow et al., 2010). First, when 
people continuously engage in a rewarding behavior 
which is accompanied by sudden spikes in their 

dopamine levels, the sensitivity and sometimes the 
number of D2 receptors decrease, and the amount of 
released dopamine declines, given the same 
behavioral pattern. As a result, they show a decreased 
sensitivity to the rewarding behavior and consequently 
need to engage in the behavior more frequently and 
more intensely to achieve the same level of pleasure 
as before. Second, the overstimulation of dopamine 
cells within the mesolimbic reward system usually 
occurs in the presence of stimuli associated with the 
behavior (e.g., the surrounding environment, 
preparation rituals, objects used to conduct the 
addictive behavior). Over time, people develop 
powerful learned associations between these stimuli 
and the subsequent reward (i.e., dopamine bursts 
entering the brain). Gradually, their brains develop 
new functional connections and start firing dopamine 
cells in the mere presence of (or even thoughts about) 
the related stimuli before the actual behavior takes 
place. Thus, the spikes of dopamine caused by the 
stimuli create an urge (strong, uncontrolled motivation) 
to engage in a behavior in order to secure a stronger 
subsequent reward. In other words, individuals 
become hyper-sensitive to behavior-associated stimuli, 
a phenomenon referred to as incentive salience 
(Robinson & Berridge, 1993, 2008). 

There are two major conditions that strengthen 
incentive salience and produce a stronger anticipation 
of reward: reward uncertainty (Anselme, Robinson, & 
Berridge, 2013) and the experience of almost winning 
(i.e., near misses) (Griffiths, 1991). The feeling of 
uncertainty makes the reward more desirable because 
the person has to earn it, which causes stress. Stress, 
in turn, activates one’s dopaminergic systems 
(Abercrombie et al., 1989; Robinson et al., 2015). In 
fact, previous research shows that the activity of 
dopaminoceptive regions in the human brain is 
correlated with reward uncertainty, and it achieves the 
highest level when the probability of reward is 50 
percent (Preuschoff, Bossaerts, & Quartz, 2006). The 
presence of dopamine reinforces a learning process 
by motivating a person to attain the reward. 
Subsequently, an individual starts paying closer 
attention to the stimuli and subsequent actions, which 
produces a stronger stimuli-behavioral response link 
(Fiorillo, Tobler, & Schultz, 2003). This is consistent 
with the Pearce-Hall theory of learning (Pearce & Hall, 
1980).  

Near-misses produce biological and psychological 
outcomes similar to situations in which reward is 
obtained by implying a future acquisition of reward and 
heightening one’s expectations (Griffiths, 1991). 
Evidence suggests that both reward acquisitions and 
near-misses activate identical brain regions (Habib & 
Dixon, 2010), and near-misses are accompanied by 
dopamine release, which signals the expectation of 
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future reward and encourages the behavior 
(Winstanley, Cocker, & Rogers, 2011). Whereas the 
effects of reward uncertainty and the near-misses 
have been mostly explored in the context of gambling, 
they apply equally to all potentially addictive behaviors 
in which an individual is uncertain about the likelihood 
of obtaining a reward and may experience near-
misses. The observed effect of unexpected reward 
schedules on addictive behaviors dates back to 
Skinner’s experiments with pigeons (Skinner, 1953); it 
also exists in the case of IT, which often provides 
rewards (e.g., game points, “likes”) on an intermittent 
schedule (Meshi et al., 2016; Meshi, Morawetz, & 
Heekeren, 2013). 

This presumably harmful (from the addiction 
perspective) brain functioning is, in fact, a result of 
evolution directed at the survival and perfection of all 
species, including humans. The entire development of 
the brain has been based on the recognition, 
anticipation, acquisition, and processing of rewards 
which enhance humans’ chances of survival, 
improvement, and reproduction (Schultz, 1998). There 
are two types of rewards: primary and non-primary 
(Schultz, 2015). Primary rewards are necessary for 
survival and reproduction, such as substances (e.g., 
food, liquid) and behaviors (e.g., mating, caring for 
offspring). Non-primary rewards increase one’s 
chance of attaining primary rewards and thereby 

indirectly contribute to the survival, reproduction, and 
improvement of one’s genes. For example, enjoying 
gourmet food and drink enhances one’s ability to 
select a high-quality, nutritious diet. Romantic love, 
which, in contrast to straightforward sex, does not 
directly lead to reproduction, enhances one’s 
attachment to a potential mating partner and their 
future offspring to increase their chances of survival as 
a family. Rewards from altruistic action, friendship, and 
social interaction have similar evolutionary 
advantages because they promote group cooperation, 
which improves one’s chances for survival (Báez-
Mendoza & Schultz, 2013). Novelty seeking, 
experimentation, exploration of the world, and 
curiosity – which are associated with reward 
uncertainty – help discover new food sources, shelters, 
and mating partners, thereby also contributing to 
survival and reproduction (Schultz, 2015). Thus, the 
brain mechanisms responsible for the development of 
behavioral addictions actually contribute to the 
survival and development of humans, and addictive 
behaviors may be considered an accidental by-
product of their workings. 

A simplified depiction of the brain circuitry systems and 
the way they interact to produce addictive behaviors is 
given in Figure 2. It shows that behavioral addiction 
results from an imbalance between the reward and 
self-control/inhibition systems.

 

 

Figure 2: The Brain Circuitry of Addictive Behavior 
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The incentive salience effect can often be exacerbated 
by deficit in self-control/inhibition circuitry (Bechara, 
2005). That is, some people may take control over 
strong incentive motivation as mediated by the reward 
system by engaging their self-control or inhibition 
abilities, which are primarily prefrontal cortex 
dependent (Turel & Bechara, 2016b). However, when 
damage to prefrontal brain regions occurs, either 
through lesions (Bechara, 2004) or substance use (He 
et al., 2018b), it prevents people from integrating the 
needed information for making decisions and 
exercising judgment with long-term consequence 
considerations. That is, the interplay between the 
reward and self-control/inhibition systems can define 
people’s propensity to develop addictions; an 
imbalance manifested in hyper-active 
reward/incentive systems and hypo-active self-
control/inhibition systems can produce addictive 
behaviors (Turel & Qahri-Saremi, 2016). 

Another system that is part of this circuitry is the insular 
cortex, also known as the insula (Contreras, Ceric, & 
Torrealba, 2007). This system mediates the 
development of what may be subjectively felt as urges 
(or cravings and temptations). Importantly, it has 
trajectories to the reward and inhibition brain systems 
and hence can modulate their activity (Wood & 
Bechara, 2014). First, the insula sensitizes the reward 
system. Second, it impairs and preoccupies the 
inhibition system (Turel & Bechara, 2016a, 2016b; 
Turel et al., 2018b). It, therefore, has a dual effect that 
promotes addictive behaviors (i.e., strengthening the 
focus on rewards and, at the same time, weakening 
inhibition abilities). Indeed, in the context of addiction, 
it has been shown that damage to the insula helped 
people overcome smoking addiction (Naqvi et al., 
2007). The temptation/urge the insula mediates also 
impairs people’s abilities to reflect on the IT they use 
and makes them more prone to rely on automatic 
behaviors (Turel & Bechara, 2016b, 2017).  

Thus, behavioral addictions are considered a disease 
of the brain’s reward system (Holden, 2001) and 
involve the interplay and specifically an imbalance of 
the three aforementioned brain systems: reward 
(amygdala-striatum dependent), self-control/inhibition 
(prefrontal cortex dependent), and interoceptive 
awareness/urge (insular cortex dependent). Once an 
imbalance develops, these systems may be triggered 
by various external or internal stimuli beyond people’s 
conscious awareness, and the enactment of the 
addictive behavior can dominate people’s lives to the 
point when it adversely affects normal functioning. As 
such, behavioral addictions rely on the same 
neurological mechanisms as substance addictions. 
Nevertheless, behavioral addictions exhibit a number 
of unique characteristics that place them into an 
exclusive category of mental disorders. 

Behavioral Addictions vs. Substance 
Addictions 

Behavioral and substance addictions have a shared 
symptomology: both types of addictions manifest in 
the aforementioned six core symptoms (Karim & 
Chaudhri, 2012). Both types are often accompanied by 
impulse-control disorders (Grant, 2008) and result in 
adverse consequences for the addicted individuals 
and their environments (Grant et al., 2010). Both types 
of addictions are also similar in terms of their 
neurobiological roots, including genetic factors (e.g., 
genes that affect D2 dopamine receptors), brain 
impairments of the reward and self-regulation systems 
(Grant, Brewer, & Potenza, 2006; Weinstein, 2013), 
risk factors that underlie their development (Kuss, 
Griffiths, & Binder, 2013; Lam et al., 2009), and their 
development processes (Grant & Chamberlain, 2014). 

Despite many similarities, though, behavioral and 
substance addictions can differ along several 
dimensions. First, most addictive substances 
(excluding coffee and sugar) are largely regulated, and 
access to such substances by children and youth is 
typically restricted. For example, many countries forbid 
the selling of alcohol, tobacco, and marijuana to 
adolescents (Pacula et al., 2014). In contrast, many 
addictive behaviors (e.g., playing video games and 
even some forms of gambling) are relatively less 
restricted compared to substances (Singer & Singer, 
2012). As such, two pronounced differences between 
behavioral and substance addictions are their 
prevalence in children and youth and the ease of 
access to the addictive object. For instance, while 
lifetime use of marijuana in the US in 2018 was 13.9 
percent in 8th grade, 32.6 percent in 10th grade, and 
43.6 percent in 12th grade (The National Institute on 
Drug Abuse Blog Team, 2018), a much higher 
proportion of children and youth in the US engages in 
video gaming and/or in using social networking sites 
(Twenge, Martin, & Campbell, 2018), which may lead 
to the development of IT-related behavioral addictions, 
because such uses of IT tend to be highly rewarding 
and provide rewards on a variable schedule. 

Second, while the symptomology of behavioral and 
substance addictions is similar, its interpretation and 
severity can vary. For example, addiction requires 
“clinically significant” impairment of normal functioning 
(APA, 2013), which is part of the “conflict” symptom 
mentioned above. However, this can carry different 
meanings in behavioral and substance addictions. In 
behavioral addictions, clinically significant 
impairments can mean losing all of one’s money 
(gambling), deteriorated school performance (video 
gaming), and, in some cases, loss of sleep, increased 
obesity, and cardio-metabolic deficits (Turel, 
Romashkin, & Morrison, 2016; Turel, Romashkin, & 
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Morrison, 2017). In contrast, in substance addictions, 
such impairments may manifest in much more lethal 
health risks, such as liver disease, cancer (Rehm et al., 
2003), and/or overdose (Calcaterra, Glanz, & 
Binswanger, 2013). Differences in severity are also 
pronounced regarding withdrawal symptoms: in 
behavioral addictions, these symptoms are mostly in 
the form of psychological discomfort; in substance 
addictions, withdrawal symptoms can include severe 
physiological reactions, including tremors, nausea, 
and headaches (Winokur et al., 1980). 

Third, we can reasonably speculate that relapse 
frequency (resuming the addictive behavior) and 
difficulty abstaining from the addictive behavior can 
vary between substance and behavioral addictions. 
First, while people can relatively easily avoid 
substances (e.g., they have to, in most cases, find a 
drug dealer or go to a liquor store), it may be more 
difficult for them to avoid common behavioral cues 
(e.g., technology cues are all around people in modern 
society). Combined with the notion that behavioral 
addictions are often perceived to be benign (Turel et 
al., 2014), we can expect higher relapse rates in the 
case of behavioral addictions. Second, once 
substance use stops, substance effects typically do 
not fully disappear (Zhao et al., 2017). There is often 
some retained neurotoxicity in the brain and changes 
to brain mechanisms that make abstinence difficult, 
and relapse more likely (He et al., 2018b). In contrast, 
while excessive behaviors are associated with brain 
changes (He et al., 2019; He, Turel, & Bechara, 2018a; 
He et al., 2017b), the brain may more easily recover 
after abstinence given that there is no neurotoxicity. 
The assertions above are preliminary; more evidence 
in support of such propositions is needed. 

Ultimately, such differences can explain the relatively 
high prevalence rates of behavioral addictions. For 
example, using preliminary classification criteria, it has 
been suggested that there is about 4.5 percent 
prevalence rate of at-risk behavior for social media 
addiction in adolescents (Banyai et al., 2017) and 
between 11.6 percent (Turel & Cavagnaro, 2019) and 
15.2 percent (Turel, Brevers, & Bechara, 2018a) in 
young adults. One explanation for such high numbers 
is that it is simply easier to meet addiction criteria in 
the case of behavioral addictions. While the symptoms 
of behavioral and substance addictions are identical, 
their interpretation is different, and, in the case of 
behavioral addictions, they are typically less severe or 
life-threatening (He et al., 2017b; Turel et al., 2018b; 
Turel et al., 2014). 

Last, while the neural roots of behavioral and 
substance addictions are similar (Grant et al., 2006; 
Weinstein, 2013), there is growing evidence for some 
differences. Similarities stem from the ideas that all 
addictions are rooted in an imbalance between a 

hyper-active reward system and a relatively weak (or 
hypo-active) self-control or inhibition brain faculty 
(Turel et al., 2014; Turel & Qahri-Saremi, 2016; Turel 
& Qahri-Saremi, 2018). This imbalance can be 
influenced by both nature and nurture (He, Turel, & 
Bechara, 2017a; He et al., 2017b). It is worth noting 
that children and youth are more vulnerable to 
addictions than older individuals, given that they have 
a built-in imbalance between the reward and self-
control systems. The reason for this imbalance is that 
these brain systems develop on different schedules 
(Casey, Getz, & Galvan, 2008; Giedd, 2004; Sowell et 
al., 1999). While the reward system is fully developed 
during adolescence, the self-control/inhibition brain 
system matures later on, and the connectivity between 
left and right hemispheres (corpus callosum), which is 
needed for proper decision making, matures even later 
(Casey et al., 2007; Casey, Giedd, & Thomas, 2000; 
Casey et al., 2005; Durston et al., 2001). It may be for 
this reason that there is a negative correlation between 
users’ age and their technology addiction levels (e.g., 
see Serenko & Turel, 2015). 

Focusing on specific similarities, the functional hyper-
activity (Turel et al., 2014) and structural pruning 
(reduced grey matter volume, or fewer dopamine 
receptors) of the reward (amygdala-striatal) system 
exist in both substance and behavioral addictions (He 
et al., 2017a; He et al., 2017b). There are also 
similarities in structural changes in interoceptive-
awareness brain systems (insular cortex dependent): 
reduced volumes of the posterior insula were 
observed in behavioral and substance addictions 
(Turel et al., 2018b). Moreover, some similarities in 
deficits in inter-hemispheric connectivity (white matter 
integrity), which prevents efficient communication 
between the hemispheres, were observed in 
substance and behavioral addictions (He et al., 2018a).  

Nevertheless, some behavioral addictions do not 
present self-control impairments that are common in 
substance addictions: they simply involve a hyper-
active reward system together with functional self-
control faculties and lack of motivation to engage the 
self-control system (Turel et al., 2014). Simply put, 
these findings show that the imbalance between 
reward and self-control systems in some behavioral 
addictions can be primarily a function of the hyper-
sensitive (functionally and structurally) reward system. 
This is similar to less harming behaviors such as light 
smoking and moderate gambling. This is good news 
for people who try to treat or overcome technology-
related behavioral addictions: most of them can do it if 
they have sufficient motivation, and techniques such 
as mediation and cognitive behavioral therapy may 
help (He et al., 2017a, 2018a; He et al., 2017b). That 
is, while recovery from substance addictions is difficult 
as it requires changes to damaged prefrontal brain 

 

The DATA BASE for Advances in Information Systems 88 Volume 51, Number 3, August 2020



regions (He et al., 2018b), it may be easier to treat and 
overcome some behavioral addictions (at least for 
some users) given the right motivation and with the 
help of behavioral interventions (Turel et al., 2014). 

Thus, despite some similarities, behavioral and 
substance addictions differ in terms of their prevalence, 
severity, core symptoms manifestation, self-control 
system impairment, and ease of treatment. While the 
observed similarities allow IS researchers to draw from 
the vast literature on addictions when conducting their 
studies, the differences suggest that IS researchers 
should examine technology addiction as a standalone 
phenomenon that may or may not function exactly like 
substance addictions and may or may not have the 
exact same biological-physiological and behavioral-
psychological roots. This also means that more 
research on similarities and differences between 
substance and technology-related addictions is 
needed. 

Implications and Recommendations 

The overview of the behavioral addiction literature 
presented above leads to several important 
observations that may be of interest to technology 
addiction researchers. 

Implication 1. IT users are not addicted to an IT 
artifact. Instead, they are addicted to a behavior 
conducted by means of an IT artifact (i.e., IT-
mediated behavior). 

Users can get addicted to a behavior that happens to 
be mediated via an IT artifact, rather than to an IT 
artifact per se. The IT artifact just provides easy, 
constant access to the addictive behavior. To illustrate 
this point, note that behavioral addictions have existed 
during the entire history of mankind. And, as the 
subjects of addiction and the aids facilitating addictive 
behaviors have changed, the underlying principles of 
behavioral addictions have remained the same. For 
example, while gambling technologies evolved, 
including into online environments, gamblers’ 
behaviors did not change: over three millennia ago, 
some people were already addicted to the gambling 
process, and many still are. As various mechanical, 
electromechanical (e.g., pinball machines), and 
electronic gambling devices appeared, the overall 
addictive behavior has remained unaltered. Similarly, 
historically, a small percentage of people engaged in 
various forms of compulsive sexual behaviors; after 
the advent of the Internet, such activities simply 
evolved to cybersex addiction. This suggests that 
individuals get addicted to a behavior rather than the 
tool by means of which the behavior is conducted. In 
other words, users do not get addicted to an IT artifact 
– for example, a gambling website, a smartphone app, 
or a video game console. Instead, they are addicted to 

the gambling, messaging, or gaming behavior 
conducted (i.e., mediated) through an electronic 
device. Thus, it is more precise to talk about addiction 
to the use of technology or to specific technology-
mediated behaviors rather than about addiction to 
broad technology objects (e.g., smartphones) that 
facilitate access to an addictive behavior. For example, 
a person who is addicted to the use of social media or 
to gaming may enact these addictive behaviors over 
smartphones, laptops, or desktop computers. It may, 
therefore, be inaccurate to call his/her addiction a 
“smartphone addiction”: he/she is likely addicted 
instead to specific behaviors mediated via specific 
applications which can be enacted via any device. 
Note that this does not fully remove responsibility from 
technology developers and providers. In many cases 
(see implication #2), IT artifacts include features and 
functionalities that promote frequently repeated, 
automatic, and difficult-to-control behaviors, because 
their revenues depend on user traffic and time spent 
with the system (Turel, 2019). 

Implication 2. The features of many contemporary 
IT artifacts facilitate the development and 
reinforcement of technology addiction. 

The propagation of technology addiction has likely 
never been an explicit goal of IT developers. However, 
to facilitate the adoption and continued use of their 
technologies, designers invented and incorporated in 
their products various features relying on behavioral 
reward mechanisms. For example, “loot boxes” (in-
game purchased boxes with unknown/random sets of 
tools that are revealed only after the purchase) in 
video games are similar to gambling (Drummond & 
Sauer, 2018). As a result, rather than being intentional, 
technology addiction has become an accidental by-
product of the synergy between the workings of the 
brain’s reward system and the capabilities of IT to 
allow users to easily engage in a rewarding (from the 
brain’s perspective) behavior. To further illustrate this 
point, video games always incorporate elements of 
uncertainty (variable reward) and are full of near-miss 
effects which encourage and strengthen repetitive and 
possibly addictive play. As users advance through the 
game, the subsequent levels become more difficult, 
which addresses the issue of tolerance: as behavioral 
addiction strengthens, longer and more intense 
activity is required to obtain the same reward. Similarly, 
social media applications reward users through views, 
likes, and shares, and the number of such rewards is 
always somewhat unpredictable, which is a form of 
electronically delivered variable reward (Meshi et al., 
2016; Meshi et al., 2013). Thus, the employment of 
many contemporary IT artifacts automatically engages 
the reward mechanism of their users. While the initial 
intention was to engage users through the exploitation 
of their reward systems rather than create “technology 
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addicts” (Eyal & Hoover, 2014), an unpredicted 
outcome is that some users develop addiction-like 
symptoms in relation to the use of such technologies. 
Thus, while technology is not the sole cause of 
behavioral addictions, its features and affordances can 
contribute to addiction formation through the provision 
of variable rewards and/or the elimination of features 
that promote self-control (e.g., use time alerts) (He et 
al., 2017a, 2018a; He et al., 2017b; Turel et al., 2018a). 

Implication 3. IT artifacts incorporating various 
socialization features are addiction-prone by their 
nature. 

Social networking sites, multiplayer video games, and 
smartphones are perhaps the most frequently cited 
examples of potentially addictive technologies. This is 
not surprising because the human brain evolved in a 
way to encourage various forms of socialization, 
communication, and collaboration: engagement in 
such activities is accompanied by a release of 
dopamine as a form of reward (again, likely developed 
from an evolutionary perspective, to promote the 
survival and perfection of the species). The problem is 
that the technologies above continuously trigger 
socialization-based rewards (likes, views, shares, 
conversations, interactions) and, as a result, people 
use them for the sake of mere pleasure, which may 
lead to the development of the core symptoms of 
addiction. Again, users are not addicted to these IT 
systems; instead, they are addicted to a naturally 
rewarding electronic socialization process. 

Implication 4. Technology addiction researchers 
should rely on substance addiction literature with 
caution. 

On the one hand, substance addictions and behavioral 
addictions share some similarities in terms of etiology 
and outcomes. On the other hand, there are some key 
differences – for example, age of onset, deficits in 
inhibition brain systems, and the magnitude of adverse 
effects. Hence, IS researchers should carefully build 
on literature on substance addiction from reference 
disciplines. In fact, one goal for the next decade is to 
better map similarities and differences between 
substance and behavioral addictions (He et al., 2017a, 
2018a; He et al., 2017b) or to replicate common 
substance addiction models and phenomena in 
relation to behavioral technology addictions (see 
examples in He et al., 2018a; He et al., 2017b; Turel & 
Bechara, 2016b, 2017; Turel et al., 2018a; Turel et al., 
2018b; Turel et al., 2014; Turel, Poppa, & Gil-Or, 
2018c). Such attempts can allow a deeper and 
evidence-based, as opposed to blind, understanding 
of technology addiction. 

Implication 5. Literature obsolescence is an 
ongoing issue in behavioral addiction research. 

In order to formally classify and include a mental 
disorder in the DSM and the ICD, the APA and WHO 
taskforce and workgroup members analyze thousands 
of peer-reviewed publications to reach a consensus. 
As the body of knowledge accumulates, behavioral 
mental disorders are re-classified, modified, added, 
and eliminated, and the classification system is in a 
constant state of flux, with new editions appearing 
every 10-15 years and superseding the previous ones. 
Hence, IS research has an opportunity and, some may 
say, a responsibility to inform this process. In the past, 
the process has relied on evidence published in 
psychology and psychiatry journals. Nevertheless, IS 
researchers should play a more active role in informing 
addiction classification and definition. While this has 
not been a common theme in IS journals as most treat 
addiction as a continuous construct (Turel & Serenko, 
2012), a differentiation of abnormal from normal cases 
should be a future theme. Moreover, the unstable 
nature of this research stream should encourage IS 
researchers to stay current and follow recent work, 
including in reference disciplines. For example, one 
should follow the most recent DSM criteria and 
definitions as opposed to those provided in older 
versions. 

Implication 6. Contradictions in the technology 
addiction literature result from inconsistencies in 
the psychology, psychiatry, and medical 
literatures. 

In addition to a fast pace of obsolescence, the 
behavioral addiction literature is rife with 
contradictions. Currently, there are differences in the 
classification of mental disorders between the DSM 
and the IDC. Several countries developed their own 
adaptations of the ICD (e.g., ICD-10-CA in Canada), 
which differ from the one published by the WHO. This 
makes it challenging for IS researchers who lack 
extensive training in the psychology, psychiatry, or 
medical fields to select the most appropriate source to 
develop a conceptual foundation for an addictive 
behavior model in the context of IT. This means that 
papers on technology addiction should often use more 
cautious rather than deterministic language (e.g., 
“users exhibiting addiction symptoms,” or “addiction-
like symptoms” instead of “technology addicts”). 

Implication 7. The “standing on the shoulders of 
giants” mindset may not fully apply to technology 
addiction research. 

Traditionally, IS scholars have relied on the “standing 
on the shoulders of giants” mindset: researchers are 
expected to be aware of, utilize, and extend the body 
of knowledge published in IS journals while paying 
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close attention to the classics. However, in addition to 
the literature obsolescence and contradiction issues 
discussed above, there is a substantial time gap 
between publications in the psychology and IS venues, 
which makes some IS works even more outdated. 
Thus, technology addiction researchers, reviewers, 
and editors should exercise extra caution when relying 
on or recommending the use of theories from previous 
IS publications. For example, a number of generally 
accepted and extensively cited technology addiction 
studies relied on the diagnostic features and criteria of 
pathological gambling, which was classified as an 
impulse-control disorder in DSM-IV-TR (APA, 2000) 
because that model was the closest one to mental 
disorders associated with IT at the date of these 
studies. Currently, DSM-5 (APA, 2013) classifies 
gambling disorder as an addictive, non-substance-
related disorder (i.e., not as an impulse-control 
disorder). As a result, referring to technology addiction 
as an impulse-control disorder is currently considered 
not only outdated but also incorrect. Given these 
realities, technology addiction researchers are urged 
to continuously update their knowledge by relying on 
the latest publications in the psychology literature. 

Implication 8. Many cases of technology 
addiction are curable, but it may not be easy. 

Many recovery processes in the brain depend on one’s 
ability to comprehend the situation and mobilize 
resources to deal with it. Such processes are 
prefrontal cortex dependent. For example, in cocaine 
addicts, there is damage to the prefrontal cortex which 
prevents people from exercising strong control over 
their desires and limits their ability to suppress urges 
and to recover (He et al., 2018b; Turel et al., 2011). 
Findings show that in many behavioral addictions (at 
least in low to moderately severe cases), there is 
limited damage or impairment (activation or structural) 
to the prefrontal cortex (He et al., 2017a, 2018a; He et 
al., 2017b). This means that people with these levels 
of behavioral addictions can have (or can be trained to 
have) the ability to overcome their addiction: they just 
need to have strong motivation to do so and overcome 
relapse challenges. Techniques, such as mindfulness 
training, and technological features, such as warnings 
about the time spent, can help train people to better 
control excessive behaviors (Black, 2014; Brewer, 
Elwafi, & Davis, 2013; Garland, 2016).  

Note that this does not mean that all cases of 
behavioral addictions can be easily treated: it just 
means that a majority of IT users who present with low 
to moderate levels of IT addiction symptomology can 
take control over excessive use if they are sufficiently 
motivated or trained. Difficulties in recovery may relate 
to forces that influence relapse. Relapse is a common 
problem in overcoming addictive behaviors. 

Consequently, it may take multiple attempts and 
interventions before one achieves full recovery 
(Bishop, 2018). For example, in the case of smoking, 
this behavior can take up to 24 years and require from 
6 to 142 attempts (and subsequent relapses), while in 
the case of overeating, few actually achieve long-term 
weight loss (Bishop, 2018). As mentioned earlier in the 
text, there may be at least two forces that operate in 
opposite directions to influence relapse frequency in 
the case of technology use. The first force is through 
exposure to cues which promote addictive behaviors; 
such cues are thought to contribute to relapse (Bishop, 
2018; Goltseker, Bolotin, & Barak, 2017; Rich & 
Torregrossa, 2019). Thus, even if one abstains from 
social networking sites (for example), the use of a 
smartphone (for other tasks or even by surrounding 
people) may act as a cue for relapse. The second, 
opposing force is control, which is easier to exercise in 
the case of technology-mediated addictions because 
there is no neurotoxicity like in the case of substance 
addiction, which makes brain structural and functional 
recovery more difficult in substance users (He et al., 
2018b). The balance between such forces, combined 
with prefrontal brain capacity, should determine the 
ease of recovery and relapse likelihood. This is a 
fruitful area for future research. 

Conclusion 

A first step in conducting academically sound and 
scientifically accurate research on technology 
addiction is to understand both its roots and the 
research on the general family of addictions to which 
it belongs – namely, behavioral addictions. We hope 
that IS scholars will rely on the provided summaries 
and implications to improve their understanding of this 
embryonic research area, resulting in more 
theoretically and methodologically sound studies. In 
the following (i.e., Part II) publication, we will focus 
exclusively on the topic of technology addiction by 
relying on the key issues discussed in the present 
work. 
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