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This study examines a behavioral tripartite model developed in the field of addiction,

and applies it here to understanding general and impulsive information technology use.

It suggests that technology use is driven by two information-processing brain systems:

reflective and impulsive, and that their effects on use are modulated by interoceptive

awareness processes. The resultant reflective-impulsive-interoceptive awareness model

is tested in two behavioral studies. Both studies employ SEM techniques to time-lagged

self-report data from n1 = 300 and n2 = 369 social networking site users. Study 1

demonstrated that temptations augment the effect of habit on technology use, and

reduce the effect of satisfaction on use. Study 2 showed that temptations strengthen

the effect of habit on impulsive technology use, and weaken the effect of behavioral

expectations on impulsive technology use. Hence, the results consistently support the

notion that information technology users’ behaviors are influenced by reflective and

impulsive information processing systems; and that the equilibrium of these systems is

determined, at least in part, by one’s temptations. These results can serve as a basis for

understanding the etiology of modern day addictions.

Keywords: problematic information technology use, planned behavior, satisfaction, impulsive behavior,

temptation, reflective-impulsive model, dual-systems, interoceptive awareness

INTRODUCTION

Neurocognitive models of problematic and addictive behaviors have traditionally relied on the
dual-system perspective for explaining the etiology of such behaviors (Everitt et al., 2001).
According to this perspective, problematic and addictive behaviors stem from (1) increased activity
of an impulsive brain system, which mediates the generation of impulsions to act rashly and
automatically in order to obtain implicitly-associated incentive rewards; and (2) diminished ability
of a reflective brain system to inhibit the generated impulsions (Turel et al., 2014).

Recent models of the neurocognitive basis of problematic and addictive behaviors suggest that
a third system, interoceptive awareness, may be at play (Naqvi et al., 2007). This system can lead
people to occasionally sense temptations, i.e., conscious momentarily salient desires to engage in
a rewarding behavior (e.g., use substances, smoke, or use an information system). Impairment
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of this system can eliminate such desires (Naqvi et al., 2007). The
temptations which are relayed through this system violate users’
homeostasis and require attention and possibly action. However,
the selected action is often rash and relies on the impulsive
system, because interoceptive awareness activations can weaken
the inhibition and reflection abilities of the reflective system as
they temporarily occupy and impair it; and can strengthen the
influence of the impulsive system by exciting it (Noël et al., 2013).

The neuroanatomical and neurobiological elements of these
systems have been largely identified in prior research. Much of
the reflective information processing takes place at the prefrontal
cortex which integrates information from various sources, uses
conscious reflections, and makes behavioral decisions, which are
then transferred to motor cortices for execution (Bechara et al.,
1999). Thus, the reflective system is mainly prefrontal cortex
dependent (Bechara et al., 2000b). In contrast, the impulsive
system is largely amygdala-striatum (dopamine) dependent and
it is essential for forming habituated and automatic behaviors
(Yin et al., 2004; Yin and Knowlton, 2006). This system
promotes such behaviors through learning and association-
building (Wingard and Packard, 2008; Popescu et al., 2009). In
extreme cases, hyper-sensitizing this system can cause habits
to transition into addictions and problematic behaviors (Turel
et al., 2014). Lastly, the interoceptive awareness system is insular
cortex (“insula”) dependent. The insula serves as a gate to visceral
needs and mediates the generation of homeostatic perturbations,
like the sense of temptation, withdrawal, and stress (Craig,
2009). Insular activity can promote the execution of motivational
states by determining the effectiveness of incentive inputs and
diverting the attention of people from reflection; feedback loops
signaling the status of the viscera adjust insular activity and
consequent influences on impairment of reflection processes and
sensitization of impulsive ones (Noël et al., 2013).

Behavioral and neurocognitive research regarding this
tripartite model of human behavior is scarce. This study seeks
to partially bridge this gap and behaviorally test a reflective-
impulsive-interoceptive awareness model (RIIAM) of human
behavior. We do so in the context of social networking sites
(SNS) given their growing potential to facilitate problematic
and addictive behaviors (Turel et al., 2014; Turel, 2015b; Turel
and Bechara, 2016). Non-chemical addictions and especially the
problematic use of hedonic information systems (IS) such as
videogames and social networking sites, have gained increased
recognition given their potential harms to individuals and
societies (Turel et al., 2011a,b). For instance, the fifth edition
of the Diagnostic and Statistical Manual for Mental Disorders
includes “Internet Gaming Disorder” in Section 3 (emerging
concepts that require additional research; American Psychiatric
Association, 2013). Similarly, problematic use of SNS, the
symptoms of which resemble those of other behavioral addictions
(Andreassen et al., 2012), is on the rise. Key symptoms of these
potential disorders include impulsive, less-planned, excessive,
and possibly deviant (that deviates from the law or heightens
the risk to encounter negative consequences) and problematic
use patterns of the IS (Turel, 2015b). Understanding cognitive
manifestations and associated brain etiology that sub-serve such
behaviors is therefore an important endeavor, which can help

with the development of a broader knowledge base regarding the
cognitive and neurocognitive basis of problematic information
technology use behaviors, as well as with the development of
intervention programs.

Because it is practically impossible to account for all elements
or associated brain activations of the three abovementioned
brain systems, this manuscript describes two separate time-
lagged studies and focuses on one key perception or state with
which each system is presumed to be involved, in each one of
the studies. In the first study, the outcome variable is SNS use,
and in the second study the outcome variable is impulsive SNS
use defined as spontaneous use without thinking or planning
to do so (Rook and Fisher, 1995). In both studies it is first
argued that IS users follow a reasoned and reflection-based use
pattern, in which their satisfaction with system use (Study 1) and
behavioral expectations regarding impulsive use (Study 2) predict
their future IS use behaviors. Satisfaction is a positive cognitive-
affective reaction to the IS; it is assumed to be associated with the
reflective system since it is based on a mindful reflection whether
the expectations from the system are met (Turel and Serenko,
2006). Similarly, behavioral expectation is a subjective assessment
of the likelihood that a person will use the system spontaneously,
without planning in the near future (next week in our case); the
reflective brain system is likely to be implicated in processing
such expectations since this is a higher-order task which requires
forward-looking integration of data from multiple sources.

The impulsive system is operationalized in both studies with
measures of SNS use habit (uni-dimensional in study 1 and
multidimensional in study 2). The role of the impulsive system
and especially the striatum in habit formation, maintenance and
execution is well-established (Yin et al., 2004). Lastly, both studies
suggest that the temptations users feel in various situations
weaken their ability to rely on the reflective system (satisfaction;
behavioral expectations); and drive them to depend more heavily
on the impulsive system (habit). Moreover, temptations can also
exert a direct effect on system use, which is likely mediated
through reflective and impulsive processes not captured in this
study. Temptations were chosen as plausible manifestation of the
interoceptive awareness system because they represent common
and frequent visceral disturbances that require attention and can
“hijack” decision making processes (Baumeister, 2002).

Integrating these views, we propose the following hypotheses
and model (see Figure 1).

H1: Satisfaction with system use (study 1) and behavioral
expectations regarding impulsive system use (study 2) will be
positively associated with system use (study 1) and impulsive
system use (study 2).
H2: System use habit will be positively associated with system
use (study 1) and impulsive system use (study 2).
H3: Temptation to use an IS will be positively associated with
system use (study 1) and impulsive system use (study 2).
H4: Temptation is associated with disequilibrium between
the reflective and impulsive information processing
systems

(a) Temptation weakens the effect of satisfaction (study 1)
and behavioral expectation (study 2) on system use.
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FIGURE 1 | Research model.

(b) Temptation strengthens the effect of habit on system
use.

STUDY 1

Methods
Participants

Three hundred SNS users who were university students provided
complete responses (net response rate of 77% from all invitees,
and 81% from SNS users). The sample was equally split
between man (50%) and women and users’ average age was
22.8 years (18–46, median = 22, SD = 3.72). They had an
average of 428.7 contacts on their SNS (2–3553, median =

350, SD = 478) and, on average they had 4.54 years of
experience with it (0.25–10 years, median = 4, SD = 2.77).
The majority of the sample was Facebook users (87%), followed
by LinkedIn users (8.7%) Google+ users (2.3%), and Twitter
users (2%). Thus used, on average, 3.5 SNSs (1–8, median = 2,
SD= 1.75).

Procedure and Materials

Data were collected with two online surveys administered at two
points in time, 1 week apart, to undergraduate students taking a
business class at a large American university. Participation was
voluntary in exchange for bonus points and the study’s protocol
was approved by the Institutional Review Board of California
State University, Fullerton. Because many participants have used
multiple SNSs, both surveys asked individuals to point to the
one SNS they use most frequently and reflect and report on its
use. The survey instruments included scales which were adapted
from well-established and reliable measures (see scales, sources
and reliabilities in Table 1). It also included age, gender (male =
1), number of contacts a user has on the SNS, GPA (seven-point
scale, from 1= “<2.4” to 7= “3.9–4.0”) and experience (years on

the selected SNS) as controls. It was pretested and validated (see
Appendix A in Supplementary Materials).

Data Analysis

Data were preliminarily analyzed with SPSS 23, and then the
proposed model was estimated with AMOS 23 (a Structural
Equation Modeling package). Structural Equation Modeling
(SEM) is a technique which allows the simultaneous estimation
of the factor loadings and path coefficients describing a theory-
based complex network of relationships. It was chosen in this
study because our theory involves multiple latent constructs.
SEM models are typically assessed in two steps (Anderson
and Gerbing, 1988). First a confirmatory factor analysis (CFA)
model in which all constructs are modeled and allowed to freely
correlate is estimated. This allows the assessment of convergent
and discriminant validities of the latent variables. Next, a
structural model is estimated in which the paths between the
constructs are modeled as per the proposed theory. The overall
ability of an SEM model with its estimated path coefficients
to reproduce a given data structure is assessed by means of
various fit indices which assess the gap between the observed and
implied correlation matrices. Typical cutoff criteria for judging
the goodness-of-fit of a model are given inHu and Bentler (1999).
For more detail on these techniques, readers my may refer to
Kline (2010).

Results
Several preliminary analyses were performed (See details in
Appendix B of Supplementary Materials). First, multivariate
analysis of variance ruled out possible SNS-based differences.
Second, a correlation table was generated, and measures
of construct reliability and internal consistency (Cronbach’s
alpha, composite reliability, and Average Variance Extracted)
were calculated for the latent constructs. They suggested
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TABLE 1 | Study 1 measures and reliabilities.

Sources Items

S
u
rv
e
y
1
(t
1
)

Satisfaction (Bhattacherjee, 2001) α = 0.86 How do you feel about your overall experience of using this social networking website?

-Dissatisfied (1) to Satisfied (7)

-Displeased (1) to Pleased (7)

-Frustrated (1) to Contented (7)

-Terrible (1) to Delighted (7)

Habit (Turel and Serenko, 2012) α = 0.78 [1 = Strongly disagree, 7 = Strongly agree]

-Using this social networking website has become automatic to me

-Using this social networking website is natural to me

-When I want to interact with friends and relatives, using this social networking website is an obvious

choice for me

Temptation (Second-order construct, based on

Velicer et al., 1990; Gwaltney et al., 2001) α =

0.72

Listed below are situations that lead some people to use their social networking website. We would like to

know HOW TEMPTED you may be to use this website in each situation. [1 = Not at all tempted, 5 =

Extremely tempted]

Temptation in positive affect situations α = 0.79 -When meeting with my friends

-With my family or close friends who are using the social

networking website

-When I am happy and celebrating

-When I see someone using a social networking website

and enjoying it.

-Over coffee while talking and relaxing

-With friends at a party

Temptation in negative affect situations α = 0.83 -When things are not going the way I want and I am

frustrated

-When I am very angry about something or someone

-When I am extremely anxious and stressed

-When I wake up in the morning and face a tough day

Temptation in craving situations α = 0.71 -When I desire to check my social networking website

-When I realize that stopping to use the social

networking website is an extremely difficult task for me

-When I first get up in the morning

-When I feel I need a lift

-When I realize I haven’t checked my social networking

website for a while

Temptation in boredom/ idle time situations α = 0.71 -When I am home alone and have nothing to do

-When life seems to be too boring

-When I am stuck in traffic

-When at work and have a short break

S
u
rv
e
y
2
(t
2
)

System use (based on items in Turel, 2015a) α

= 0.76

Over the last week…(1 = very low, 7 = very high)

-What was the extent of your use of your social networking website in terms of time you spend on it?

-What was the extent of your use of your social networking website in terms of the frequency (how often)

you use it?

-Overall, how do you consider the extent of your social network website use over the previous week?

sufficient reliability and convergent validity (Hair et al.,
1998).

After the preliminary tests, a CFA model was estimated with
AMOS 23. This model included satisfaction, habit, system use,
and temptation. The model presented good fit [χ2

(70)
= 137.1,

CFI = 0.96, IFI = 0.96, RMSEA = 0.057 with p-close = 0.21,
and SRMR = 0.048]. All loadings were significant (p < 0.001).

These indices further established reasonable convergent and

discriminant validities of the measurement model; and implied
that it is possible to proceed to the assessment of the structural
model.

The structural model was estimated in three hierarchical
steps. All models included the five control variables (age,
gender, contacts on SNS, experience with SNS and GPA). The
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first (“base”) model included only satisfaction and habit as
the known key predictors of system use. These predictors,
respectively, represented key activations in the reflective and
impulsive brain systems. The second model (“temptation—main
effect”) added temptation as another predictor of system use
to the first model. It accounts for the effect of temptations,
albeit this effect is most likely mediated through reflective
and impulsive brain system activations. The third model
(“temptation as moderator”) added the hypothesized interaction
effects, which were operationalized as the product of the mean-
centered averages of the respective items. Table 2 provides the
fit indices for the models, the standardized path coefficients
and their levels of significance, the variance explained in
system use (Squared Multiple Correlation, SMC, similar to
R2 in regression models), and the effect sizes for the added
relationships. Figure 2 depicts the temptation-as-moderator
model results, including standardized path coefficients, their
levels of significance and variance explained values. Additional
in-depth moderation analyses are described in Appendix C of
Supplementary Materials.

The base model in Table 2 indicates that system use can
be driven by both reflective and impulsive brain processes;
and specifically by presumed activity in the prefrontal cortex
(satisfaction assessment) and in the striatum (habit). These
two factors explained 25.6% of the variance in system use.
The temptation main effect model was used for transition
toward the hypothesized moderation model, and for testing
H3. While it lends support to H3, the observed direct
effect of temptation is likely mediated through reflective and
impulsive process, for which this model does not account.
We know that the temptation-mediating brain region (the
insular cortex) is not directly connected to motor-control
regions, and consequently, the observed direct effect should

be interpreted as possibly mediated through reflective and
impulsive information processing brain regions. This view is
accounted for by the third model. This model, “temptation-
as-a-moderator,” is consistent with current neuroscience views
of this effect (Naqvi and Bechara, 2010)—i.e., that temptations
weaken the reflective system effects and strengthen the impulsive
system influences. Through this moderation effect, temptations
increased system use and led to the execution of less-planned
behaviors. The inclusion of the moderation effect increased the
variance explained in system use to almost 40%, which is a
55% increase in the variance explained over the base model
(25.6%). The moderation effect has a moderate effect size, which
indicates that it is quite influential in predicting system use.
Lastly, age seems to be marginally influential in the current
sample. Regardless of reflective, impulsive, and interoceptive
awareness processes, younger users are more likely to use their
SNS than older ones.

STUDY 2

Methods
Participants

Three hundred sixty nine SNS users who were university students
provided complete responses (net response rate of 79%; 90% from
those who completed the first survey). The sample included 174
(47%) man and 195 women (53%). Users’ average age was 23.2
years (18–47, median= 23, SD= 3.83) and they used on average
3.5 SNSs (1–8, median = 3, SD = 1.73). Sampled users had an
average of 345 contacts on their selected SNS (2–4700, median=

250, SD= 474.9) and, on average they had 4.2 years of experience
with it (0.25–11, median = 4, SD = 2.28). The majority of the
sample was Facebook users (57%), followed by Instagram users

TABLE 2 | Model fit indices, coefficients, explained variances, and effect sizes—study 1†,††.

Base model Temptation—main effect model Temptation-as-moderator

model

Fit indices χ
2
(76)

= 115.3, CFI = 0.97, IFI = 0.97,

RMSEA = 0.042 with p-close = 0.81,

and SRMR = 0.055

χ
2
(135)

= 218.2, CFI = 0.95, IFI =

0.95, RMSEA = 0.045 with p-close =

0.75, and SRMR = 0.059

χ
2
(165)

= 255.7, CFI = 0.95, IFI =

0.95, RMSEA = 0.043 with p-close

= 0.88, and SRMR = 0.057

Satisfaction → use 0.19** 0.11 • 0.14*

Habit → use 0.36*** 0.24** 0.24***

Temptation → use 0.36*** 0.32***

Temptation * habit → use 0.15*

Temptation * satisfaction → use −0.20***

Age → use −0.08 ns −0.09 ns −0.10 •

Gender → use 0.00 ns 0.35 ns 0.02 ns

Contacts → use 0.10 • 0.07 ns 0.07 ns

Experience → use 0.03 ns 0.04 ns 0.04 ns

gpa → use −0.06 ns −0.08 ns −0.07 ns

R2 use 25.6% 35.8% 39.8%

f2 of added constructs–against base model Baseline 16% 24%

†
•p < 0.1, *p < 0.05, **p < 0.01, ***p < 0.001.

††
Effect sizes, f2, were calculated using the formula [R2 (current model) – R2 (baseline)]/[1 – R2 (current model)].
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FIGURE 2 | Structural model—study 1.

(31%), Twitter users (6%), and users of other SNS sites such as
Google+, LinkedIn, and MySpace (6%).

Procedure and Materials

Data for study 2 were collected using the same protocol used for
collecting data in study 1, but with different measures. The survey
items, sources and reliabilities are given in Table 3. This survey
captured the same control variables used in study 1, as well as a
short-version of the trait self-control scale (Tangney et al., 2004).
It was also pretested and shown to be valid (See Appendix A in
Supplementary Materials).

Data Analysis and Results
Data were preliminarily analyzed using the same techniques and
tools described in study 1 (see Appendix B in Supplementary
Materials). The results demonstrated that the measurement
instrument was valid and reliable. Next, a CFA model was
estimated using AMOS 23. This model yielded appropriate fit
indices: χ

2
(182)

= 371.8, CFI = 0.95, IFI = 0.95, RMSEA =

0.053 with p-close = 0.24, and SRMR = 0.044. All loadings
were significant (p < 0.001). Thus, reasonable convergent
and discriminant validities of the measurement model were
demonstrated; and implied that it is reasonable to proceed with
assessing the structural model.

The structural model was estimated using the hierarchical
procedure described in study 1. Table 4 outlines the results.
Figure 3 depicts the temptation-as-moderator model results for
study 2. Additional in-depth moderation analyses are described
in Appendix C of Supplementary Materials; they further shed

light on how temptations moderate the influences of reflective
and impulsive processes on system use behaviors.

Table 4 demonstrates similar picture to the one portrayed in
study 1, and hence strengthens our confidence in the reflective-
impulsive-interoceptive awareness idea. The base model shows
that impulsive system use can be predicted by expectations, as
well as driven by habit. These two factors explained 35.7% of the
variance in system use. The results of the temptation main effect
model differed from the ones observed in study 1. In the current
study, the effects of the reflective and impulsive factors remained
significant, but temptation did not exert a direct effect on system
use; which is aligned with the neuro-scientific evidence regarding
the role of insular activity in decision making (Naqvi et al., 2007;
Naqvi and Bechara, 2009, 2010). Hence, H3 was not supported
in this study. Lastly, the “temptation-as-a-moderator” model lent
support to H4a and b. Control variables exerted no significant
effects in the current study. This study explained again, almost
40% of the variance in the outcome variable.

GENERAL DISCUSSION

What determines the extent to which people use hedonic
information systems (impulsively or not)? Can these perceptions
and states be conceptually linked to the same brain processes
and system which underlie problematic and addictive behaviors?
Is there preliminary evidence in support of a recent tripartite
conceptualization of the brain etiology of problematic and
addictive behaviors? The findings of two studies indicate that
in line with dual-system theories, technology use is driven by
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TABLE 3 | Study 2 measures and reliabilities.

Sources Items

S
u
rv
e
y
1
(t
1
)

Behavioral expectations (to use the system

impulsively; Venkatesh et al., 2008) α = 0.90

(1 = Not at all, 7 = to a very large extent)

-I expect to use this social networking website without much planning in the next week

-I will use this social networking website based on momentary impulses in the next week

-I am likely to use this social networking website without careful thinking in the next week

-I am going to use this social networking website spontaneously in the next week

Habit (Polites and Karahanna, 2012) α = 0.78 (1 = Strongly disagree, 7 = strongly agree)

Lack of awareness α = 0.91 -I choose to use the social networking website without even being aware of

(making) the choice

-I unconsciously start using the social networking website

-Using the website is something I do subconsciously

Lack of controllability α = 0.95 -I find it difficult to overrule my impulse to use the social networking website

-I find it difficult to overcome my tendency to use the social networking website

-I find it difficult to control my tendency to use the social networking website

-I find it difficult to restrain my urge to use the social networking website

Mental efficiency α = 0.90 -Deciding to use this social networking site does not require of me to devote a

lot of mental effort

-Deciding to use this social networking site does not involve much thinking

-Deciding to use this social networking site requires little mental energy

Temptation Identical to study 1; α(4 dimensions) = 0.78, α(bored/idle) = 0.74, α(negative affect) = 0.87, α(positive

affect) = 0.79, α(craving) = 0.74

Trait self-control (based on Tangney et al.,

2004) α = 0.73

Please indicate how much each of the following statements reflects how you typically are: (1 = not at all; 5

= very much)

-I am good at resisting temptation

-I have an easy time breaking bad habits

-I am able to work effectively toward long-term goals

-I often act after thinking through the alternatives

S
u
rv
e
y
2
(t
2
)

Impulsive system use (based on the frequency

measure in Turel, 2015a) α = 0.91

Over the previous week, how often did you use the website…(1 = very rarely, 7 = very often)

-Spontaneously?

-Impulsively?

-At the spur-of-the moment?

-Without thinking?

-Without planning to?

perceptions and states that may be reasonably linked to at least
two information processing faculties. The first one is reasoned-
action as captured by the reflective system, and operationalized in
this study as satisfaction and behavioral expectation. The second
is the impulsive system which activates cue-action links through
mental associations. In both studies 1 and 2 this system focused
on habit.

This study extended this reflective-impulsive view and
included presumed behavioral effects of the interoceptive
awareness brain system. Specifically, it focused on temptations
which have the capacity to operate outside of the reasoned-action
system and influence behavior (Baumeister, 2002; Hofmann et al.,
2008) through suppressing reflective processes, and amplifying
impulsive ones (Naqvi et al., 2007; Naqvi and Bechara, 2009).
As expected and in line with recent neurocognitive views
of problematic and addictive behaviors, temptations had a

significant influence on system use. Adding temptation as a
moderator to the simplified reflective-impulsive model increased
the variance explained in system use from 25.6% to almost
40% in study 1 and the variance explained in impulsive system
use from 35.7% to almost 40% in study 2. This implies that
technology use behavior, while at its heart is driven by reflective-
processes and sometimes by habit, can also often be influenced
by salient situational temptations, which violate the balance
between users’ reflective and impulsive information processing
processes.

Several implications of these findings should be noted. First,
the two studies illuminate the importance of a third relatively
less-explored brain system, namely the interoceptive awareness
system. As the results of both studies demonstrate, certain
internal desires, such as temptations, can cause decision makers
to shift away from homeostasis, and generate disequilibrium
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TABLE 4 | Model fit indices, coefficients, explained variances, and effect sizes—study 2.†,††.

Base model Temptation–main effect

model

Temptation-as-moderator

model

Fit indices χ
2
(104)

= 239, CFI = 0.95, IFI =

0.95, RMSEA = 0.060 with

p-close = 0.1, and SRMR =

0.048

χ
2
(169)

= 347.4, CFI = 0.95, IFI =

0.95, RMSEA = 0.054 with

p-close = 0.23, and SRMR =

0.049

χ
2
(194)

= 375.2, CFI = 0.95, IFI =

0.95, RMSEA = 0.050 with

p-close = 0.46, and SRMR =

0.047

Behavioral expectations → impulsive use 0.32*** 0.32*** 0.31***

Habit → impulsive use 0.26*** 0.32** 0.32**

Temptation → impulsive use 0.16 ns 0.09 ns

Temptation * habit → impulsive use 0.12*

Temptation * behavioral expectations → impulsive use −0.17**

Age → impulsive use −0.05 ns −0.05 ns −0.03

Gender → impulsive use 0.03 ns 0.03 ns 0.03 ns

Contacts → impulsive use −0.09 ns −0.07 ns −0.07 ns

Experience → impulsive use −0.04 ns −0.04 ns −0.04 ns

GPA → impulsive use 0.05 ns 0.03 ns 0.02 ns

Trait self-control → impulsive use 0.06 ns 0.06 ns 0.06 ns

R2impulsive use 35.7% 35.9% 39.2%

f2 of added constructs—against base model Baseline 0.3% 5.8%

†
*p < 0.05, **p < 0.01, ***p < 0.001.

††
Effect sizes, f2, were calculated using the formula described in study 1.

FIGURE 3 | Structural model—study 2.

between the reflective and impulsive information processing
systems. Specifically, when such aware sense of desire is strong,
it weakens one’s reflective system influences and strengthens his

or her impulsive system effects. Hence, our findings provide a
behavioral account for the neuroscience theory put forth by Noël
et al. (2013).
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Second, this study extends the traditional view of IS users
as reasoned decision makers and conceptually and empirically
demonstrates that IS use can also have less-planned and less-
controllable elements. This suggests that existing rationale-based
IS use models (Bhattacherjee, 2001), which are mostly based on
the reflective system, are valid. Yet, they represent only a part of
what is going on in users’ minds. As per the reflective-impulsive
model, users also have an impulsive information processing
system that has been accounted for through the examination of
habits. Both studies indicated that presumed impulsive system
activations (habits) are a significant predictor of system use and
that oftentimes; this system exerts stronger effects on use than
the select reflective processes do, at least in the case of SNS. It is
therefore possible that SNS use is strongly driven by the impulsive
system (habituation), and is less planned than assumed. In study
2, the notion of less-planned, spontaneous and impulsive use was
directly examined. A mean score of 4.38 on a 1–7 scale indicates
that impulsive use is quite prevalent in SNS settings (people
engage in it quite often), and hence it merits further research. It
can perhaps explain the rise in addiction-like symptoms observed
among many SNS users (Turel et al., 2014; Turel, 2015a) and the
increase in problematic behaviors among such users (Turel and
Bechara, 2016).

Third, both studies shed light on the specific situations that
tempt users to engage in SNS use, and provide a consistent view
across the samples, which strengthens our confidence in these
findings. The tempting circumstances fall into positive affect,
negative affect, craving and idle time or boredom situations.
As per the means given in Tables 5, 6 in Appendix B of
Supplementary Materials, the most tempting situation, at least
in the current samples, is when people are bored or have idle
time. Three paired-sample t-tests were performed with study 1
data (t = 12.3, 15.2, and 8.4; all with p < 0.001) revealed that
the mean of this type of temptation is higher than those of the
other three types of temptations. Similar results are obtained
when examining study 2 data (t = 14.6, 15.9, and 7.1; all with
p < 0.001). These results imply that boredom or idle time, as was
often indicated by the focus group we used for scale development,
is potentially a key driver of SNS use, and that it does so
through creating a strong sense of temptation, which weakens
rational reflections, and promotes rash behaviors. Nevertheless,
this result may not be generalizable to other IS, not just in terms
of magnitude, but also in terms of the specific tempting situations
that may drive system use. Different subjects of temptation may
result in different ranges of tempting situations (Marlatt, 1996;
El-Sheikh and Bashir, 2004; Marlatt and Donovan, 2005). Thus,
future studies may explore the temptations developed in other
potentially-tempting IS use contexts and incorporate them into
the interoceptive awareness system in IS use models.

Fourth, study 1 showed that SNS use can be driven in part
by impulsive processes; and study 2 showed that the rash, less-
planned system use is quite common and can be studied as a
standalone phenomenon. Given the prevalence of impulsive and
temptation-driven system use which was demonstrated in both
studies, it is interesting to note that such system use can, in some
cases, hurt the viability of long-term important goals, such as
succeeding in school (e.g., when tempted to play videogames

instead of studying) or staying alive (e.g., when tempted to
respond to an SNS post while driving). Thus, future research may
examine ways to reduce temptations or increase users’ abilities to
resist them in such situations.

Fifth, Table 6 (Appendix B in SupplementaryMaterials) shows
that younger users can feel stronger temptations than older
ones. This is similar to the age differences observed in other
contexts focusing on rewarding, problematic or risky behaviors,
and addictions; and may stem from stages in one’s biological
development (Somerville and Casey, 2010). Another possible
explanation is that the amount of idle time may decrease with
age, precipitously declining beyond the emerging adult years, and
hence older users may face less tempting situations than younger
users. Similarly, Tables 5, 6 (Appendix B in Supplementary
Materials) also consistently show that men, at least in our
samples, were less tempted to use SNS than women. Perhaps
it is a feature of the samples. Alternatively, it may stem from
sex-based differences in neural activity (Lighthall et al., 2012),
hormonal levels related to decision making (Allen et al., 1991;
Gur et al., 1995, 1999), and insular cortex volume and activity
(Garavan, 2010; Tanabe et al., 2013). The roles of age and sex
in the reflective-impulsive-interceptive awareness model should
therefore be further explored in future research.

Lastly, this study’s findings have interesting potential practical
implications. While in some cases unplanned use of SNS may be
healthy and beneficial (e.g., it may allow a person to “recharge”
his or her mental resources and/or cope with boredom), in
many other cases it can be unhealthy and harmful for a person’s
long term goals (e.g., when it is done in improper situations
such as while in class or driving). In such situations, it may be
desirable to reduce, control or prevent system use. Preventing
unplanned, temptation-driven system use in such cases is in
part the responsibility of users. They should be aware of the
role of temptations in their decision making, and learn how to
appropriately deal with them and potentially resist them, when
they identify the use situation to be problematic. To this end,
users can train themselves to activate the long-term goals they
may infringe by yielding to temptations, and this should help
them fight the temptation (Fishbach et al., 2003; Fishbach and
Shah, 2006). For instance, whenever tempted to use an SNS
in class, students may remind themselves that this is bad for
their academic achievement. They may also remove situational
cues that activate the temptations. For example, a student that
has dorm mates who play videogames may transfer himself or
herself to a different dorm to avoid these temptation-driving cues.
In extreme cases where users sense very strong temptations in
inappropriate use situation and they may feel they cannot control
them, possibly when addiction conditions develop (Ryan et al.,
2014), several treatment options are possible such as psychosocial
therapy (Anton et al., 1999) and deep brain stimulation (Hanlon
et al., 2012), though further research on the merit of such
techniques is needed.

Two key limitations of this study which point to future
research should be acknowledged. First, the operationalization of
the impulsive, reflective and interoceptive-awareness systems in
the two studies was rather simplistic. This was done because the
objective was to introduce and illuminate the importance of these
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systems and their interactions in general and impulsive IS use
processes. Accordingly, each study we describe here focused on a
single, yet arguably central construct presumed to be dependent
on each one of these systems. Each system, though, can be
more complex and cover many other activations and associated
perceptions and states; and it is practically impossible to account
for all of them in a single study. The use of two studies with
different presumed activations and measures of these systems
strengthens the confidence in the tripartite reflective-impulsive-
interceptive awareness conceptualization. Nevertheless, future
research may use the studies we describe in this manuscript
as platforms for expanding the presumed activations which
are dependent on the reflective, impulsive and interoceptive
awareness systems, and account for more complex interactions
and influences.

Second, a clear mapping of constructs onto brain systems
was assumed because these brain systems were found to be
necessary for the described processes (necessity often determined
in lesion studies—when the discussed brain region is wiped-out,
the process is impaired). For example, the insula is necessary for
interceptive awareness (Naqvi et al., 2007), but many other brain
regions may be involved in this process; e.g., the visual cortex
needs to translate visual cues into temptations, and memory and
self-concept functions may be activated too. Hence, it should
be noted that no such clear mapping from constructs to brain
regions exists, because reflective, impulsive, and interoceptive

awareness processes activate many brain systems which are
interconnected. Similarly, the brain systems we emphasized
in this study as involved in reflective-impulsive-interoceptive
awareness process are involved in many other tasks and
assessments. For instance, the amygdala is involved in generating
prime emotions (Bechara et al., 2000a) and not just in the
examined impulsive activations. Consequently, readers should
not interpret the proposed behavioral-neural associations as one-
to-one relationships, and many fMRI studies may be needed
to shed further light on the many regions and connectivity
channels which may be involved in decision processes in the case
of information systems. Nevertheless, this study provides first
strides into understanding the potential etiology of problematic
IS use behaviors. Hence future fMRI-based studies can augment,
supplement and refine the findings described in this manuscript.

AUTHOR CONTRIBUTIONS

OT participated in study conceptualization, analysis and write-
up. AB participated in study conceptualization and write-up.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: http://journal.frontiersin.org/article/10.3389/fpsyg.
2016.00601

REFERENCES

Allen, L. S., Richey, M. F., Chai, Y. M., and Gorski, R. A. (1991). Sex-differences in

the corpus-callosum of the living human-being. J. Neurosci. 11, 933–942.

American Psychiatric Association (2013). “Internet gaming disorder,” inDiagnostic

and Statistical Manual of Mental Disorders, 5th Edn (Arlington, VA:

American Psychiatric Publishing), 795–798. doi: 10.1176/appi.books.97808904

25596

Anderson, J. C., and Gerbing, D. W. (1988). Structural Equation Modeling in

practice: a review and recommendent two-step approach. Psychol. Bull. 103,

411–423. doi: 10.1037/0033-2909.103.3.411

Andreassen, C. S., Torsheim, T., Brunborg, G. S., and Pallesen, S. (2012).

Development of a Facebook addiction scale. Psychol. Rep. 110, 501–517. doi:

10.2466/02.09.18.PR0.110.2.501-517

Anton, R. F., Moak, D. H., Waid, L. R., Latham, P. K., Malcolm, R. J., and Dias,

J. K. (1999). Naltrexone and cognitive behavioral therapy for the treatment of

outpatient alcoholics: results of a placebo-controlled trial.Am. J. Psychiatry 156,

1758–1764.

Baumeister, R. F. (2002). Yielding to temptation: self-control failure, impulsive

purchasing, and consumer behavior. J. Consum. Res. 28, 670–676. doi:

10.1086/338209

Bechara, A., Damasio, H., and Damasio, A. R. (2000a). Emotion, decision

making and the orbitofrontal cortex. Cereb. Cortex 10, 295–307. doi:

10.1093/cercor/10.3.295

Bechara, A., Damasio, H., Damasio, A. R., and Lee, G. P. (1999). Different

contributions of the human amygdala and ventromedial prefrontal cortex to

decision-making. J. Neurosci. 19, 5473–5481.

Bechara, A., Tranel, D., andDamasio, H. (2000b). Characterization of the decision-

making deficit of patients with ventromedial prefrontal cortex lesions. Brain

123(Pt 11), 2189–2202. doi: 10.1093/brain/123.11.2189

Bhattacherjee, A. (2001). Understanding information systems continuance:

an expectation-confirmation model. MIS Q. 25, 351–370. doi: 10.2307/32

50921

Craig, A. D. (2009). How do you feel - now? The anterior insula and human

awareness. Nat. Rev. Neurosci. 10, 59–70. doi: 10.1038/nrn2555

El-Sheikh, S. E.-G., and Bashir, T. Z. (2004). High-risk relapse situations and self-

efficacy: comparison between alcoholics and heroin addicts. Addict. Behav. 29,

753–758. doi: 10.1016/j.addbeh.2004.02.003

Everitt, B. J., Dickinson, A., and Robbins, T. W. (2001). The neuropsychological

basis of addictive behaviour. Brain Res. Rev. 36, 129–138. doi: 10.1016/S0165-

0173(01)00088-1

Fishbach, A., Friedman, R. S., and Kruglanski, A. W. (2003). Leading us not unto

temptation: momentary allurements elicit overriding goal activation. J. Pers.

Soc. Psychol. 84, 296–309. doi: 10.1037/0022-3514.84.2.296

Fishbach, A., and Shah, J. Y. (2006). Self-control in action: Implicit dispositions

toward goals and away from temptations. J. Pers. Soc. Psychol. 90, 820–832. doi:

10.1037/0022-3514.90.5.820

Garavan, H. (2010). Insula and drug cravings. Brain Struct. Funct. 214, 593–601.

doi: 10.1007/s00429-010-0259-8

Gur, R. C., Mozley, L. H., Mozley, P. D., Resnick, S. M., Karp, J. S., Alavi, A.,

et al. (1995). Sex-differences in regional cerebral glucose-metabolism during a

resting state. Science 267, 528–531. doi: 10.1126/science.7824953

Gur, R. C., Turetsky, B. I., Matsui, M., Yan, M., Bilker, W., Hughett, P., et al.

(1999). Sex differences in brain gray and white matter in healthy young adults:

correlations with cognitive performance. J. Neurosci. 19, 4065–4072.

Gwaltney, C. J., Shiffman, S., Norman, G. J., Paty, J. A., Kassel, J. D.,

Gnys, M., et al. (2001). Does smoking abstinence self-efficacy vary across

situations? Identifying context-specificity within the relapse situation efficacy

questionnaire. J. Consult. Clin. Psychol. 69, 516–527. doi: 10.1037/0022-

006X.69.3.516

Hair, J. F. J., Anderson, R. E., Tatham, R. L., and Black, W. C. (1998).Multivariate

Data Analysis with Readings. Englewood Cliffs, NJ: Prentice-Hall.

Hanlon, C. A., Jones, E. M., Li, X., Hartwell, K. J., Brady, K. T., and George,

M. S. (2012). Individual variability in the locus of prefrontal craving for

nicotine: Implications for brain stimulation studies and treatments. Drug

Alcohol Depend. 125, 239–243. doi: 10.1016/j.drugalcdep.2012.02.019

Frontiers in Psychology | www.frontiersin.org 10 April 2016 | Volume 7 | Article 601

http://journal.frontiersin.org/article/10.3389/fpsyg.2016.00601
http://www.frontiersin.org/Psychology
http://www.frontiersin.org
http://www.frontiersin.org/Psychology/archive


Turel and Bechara Tripartite Model of IS Use

Hofmann, W., Friese, M., and Wiers, R. W. (2008). Impulsive versus

reflective influences on health behavior: a theoretical framework and

empirical review. Health Psychol. Rev. 2, 111–137. doi: 10.1080/174371908026

17668

Hu, L. T., and Bentler, P. M. (1999). Cut off criteria of fit indices in co-variance

structure analysis; conventional criteria versus new alternatives. Struct. Equat.

Model. 6, 1–55. doi: 10.1080/10705519909540118

Kline, R. B. (2010). Principles and Practice of Structural Equation Modeling. New

York, NY: Guilford Press.

Lighthall, N. R., Sakaki, M., Vasunilashorn, S., Nga, L., Somayajula, S., Chen, E. Y.,

et al. (2012). Gender differences in reward-related decision processing under

stress. Soc. Cogn. Affect. Neurosci. 7, 476–484. doi: 10.1093/scan/nsr026

Marlatt, G. A. (1996). Taxonomy of high-risk situations for alcohol relapse:

evolution and development of a cognitive-behavioral model. Addiction 91,

S37–S49. doi: 10.1046/j.1360-0443.91.12s1.15.x

Marlatt, G. A., andDonovan, D.M. (eds.). (2005). Relapse Prevention:Maintenance

Strategies in the Treatment of Addictive Behaviors. New York, NY: The Gilford

Press.

Naqvi, N. H., and Bechara, A. (2009). The hidden island of addiction: the insula.

Trends Neurosci. 32, 56–67. doi: 10.1016/j.tins.2008.09.009

Naqvi, N. H., and Bechara, A. (2010). The insula and drug addiction: an

interoceptive view of pleasure, urges, and decision-making. Brain Struct. Funct.

214, 435–450. doi: 10.1007/s00429-010-0268-7

Naqvi, N. H., Rudrauf, D., Damasio, H., and Bechara, A. (2007). Damage to

the insula disrupts addiction to cigarette smoking. Science 315, 531–534. doi:

10.1126/science.1135926

Noël, X., Brevers, D., and Bechara, A. (2013). A neurocognitive approach to

understanding the neurobiology of addiction. Curr. Opin. Neurobiol. 23,

632–638. doi: 10.1016/j.conb.2013.01.018

Polites, G. L., and Karahanna, E. (2012). Shackled to the status quo: the inhibiting

effects of incumbent system habit, switching costs, and inertia on new system

acceptance.MIS Q. 36, 21–42.

Popescu, A. T., Popa, D., and Paré, D. (2009). Coherent gamma oscillations couple

the amygdala and striatum during learning. Nat. Neurosci. 12, 801–U161. doi:

10.1038/nn.2305

Rook, D. W., and Fisher, R. J. (1995). Normative influences on impulsive buying

behavior. J. Consum. Res. 22, 305–313. doi: 10.1086/209452

Ryan, T., Chester, A., Reece, J., and Xenos, S. (2014). The uses and abuses of

Facebook: a review of Facebook addiction. J. Behav. Addict. 3, 133–148. doi:

10.1556/JBA.3.2014.016

Somerville, L. H., and Casey, B. J. (2010). Developmental neurobiology of cognitive

control and motivational systems. Curr. Opin. Neurobiol. 20, 236–241. doi:

10.1016/j.conb.2010.01.006

Tanabe, J., York, P., Krmpotich, T., Miller, D., Dalwani, M., Sakai, J. T., et al.

(2013). Insula and orbitofrontal cortical morphology in substance dependence

is modulated by sex. Am. J. Neuroradiol. 34, 1150–1156. doi: 10.3174/ajnr.

A3347

Tangney, J. P., Baumeister, R. F., and Boone, A. L. (2004). High self-control predicts

good adjustment, less pathology, better grades, and interpersonal success. J.

Pers. 72, 271–324. doi: 10.1111/j.0022-3506.2004.00263.x

Turel, O. (2015a). An empirical examination of the “vicious cycle”

of Facebook addiction. J. Comput. Inform. Syst. 55, 83–91. doi:

10.1080/08874417.2015.11645775

Turel, O. (2015b). Quitting the use of a habituated hedonic information system:

a theoretical model and empirical examination of Facebook users. Eur. J. Inf.

Syst. 24, 431–446. doi: 10.1057/ejis.2014.19

Turel, O., and Bechara, A. (2016). Social Networking Site use while driving: ADHD

and the mediating roles of stress, self-esteem and craving. Front. Psychol. 7:455.

doi: 10.3389/fpsyg.2016.00455

Turel, O., He, Q., Xue, G., Xiao, L., and Bechara, A. (2014). Examination of neural

systems sub-serving Facebook “addiction.” Psychol. Rep. 115, 675–695. doi:

10.2466/18.PR0.115c31z8

Turel, O., and Serenko, A. (2006). Satisfaction with mobile services in

Canada: an empirical investigation. Telecomm. Policy 30, 314–331. doi:

10.1016/j.telpol.2005.10.003

Turel, O., and Serenko, A. (2012). The benefits and dangers of enjoyment

with social networking websites. Eur. J. Inf. Syst. 21, 512–528. doi:

10.1057/ejis.2012.1

Turel, O., Serenko, A., and Bontis, N. (2011a). Family and work-related

consequences of addiction to organizational pervasive technologies. Inf.

Manage. 48, 88–95. doi: 10.1016/j.im.2011.01.004

Turel, O., Serenko, A., and Giles, P. (2011b). Integrating technology addiction and

use: an empirical investigation of online auction users.MIS Q. 35, 1043–1061.

Velicer, W. F., Diclemente, C. C., Rossi, J. S., and Prochaska, J. O. (1990). Relapse

situations and self-efficacy: an integrative model. Addict. Behav. 15, 271–283.

doi: 10.1016/0306-4603(90)90070-E

Venkatesh, V., Brown, S. A., Maruping, L. M., and Bala, H. (2008). Predicting

different conceptualizations of system use: the competing roles of behavioral

intention, facilitating conditions, and behavioral expectation. MIS Q. 32,

483–502.

Wingard, J. C., and Packard, M. G. (2008). The amygdala and emotional

modulation of competition between cognitive and habit memory. Behav. Brain

Res. 193, 126–131. doi: 10.1016/j.bbr.2008.l05.002

Yin, H. H., and Knowlton, B. J. (2006). The role of the basal ganglia in habit

formation. Nat. Rev. Neurosci. 7, 464–476. doi: 10.1038/nrn1919

Yin, H. H., Knowlton, B. J., and Balleine, B. W. (2004). Lesions of dorsolateral

striatum preserve outcome expectancy but disrupt habit formation in

instrumental learning. Eur. J. Neurosci. 19, 181–189. doi: 10.1111/j.1460-

9568.2004.03095.x

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2016 Turel and Bechara. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) or licensor are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org 11 April 2016 | Volume 7 | Article 601

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Psychology
http://www.frontiersin.org
http://www.frontiersin.org/Psychology/archive

	A Triadic Reflective-Impulsive-Interoceptive Awareness Model of General and Impulsive Information System Use: Behavioral Tests of Neuro-Cognitive Theory
	Introduction
	Study 1
	Methods
	Participants
	Procedure and Materials
	Data Analysis

	Results

	Study 2
	Methods
	Participants
	Procedure and Materials

	Data Analysis and Results

	General Discussion
	Author Contributions
	Supplementary Material
	References


