Psychon Bull Rev
DOI 10.3758/s13423-016-1011-z

BRIEF REPORT

Mobile technology habits: patterns of association among device
usage, intertemporal preference, impulse control, and reward
sensitivity
Henry H. Wilmer 1 & Jason M. Chein 1

# Psychonomic Society, Inc. 2016

Abstract Mobile electronic devices are playing an increasingly pervasive role in our daily activities. Yet, there has
been very little empirical research investigating how mobile
technology habits might relate to individual differences in
cognition and affect. The research presented in this paper provides evidence that heavier investment in mobile devices is
correlated with a relatively weaker tendency to delay gratification (as measured by a delay discounting task) and a greater
inclination toward impulsive behavior (i.e., weaker impulse
control, assessed behaviorally and through self-report) but is
not related to individual differences in sensitivity to reward.
Analyses further demonstrated that individual variation in impulse control mediates the relationship between mobile technology usage and delay of gratification. Although based on
correlational results, these findings lend some backing to concerns that increased use of portable electronic devices could
have negative impacts on impulse control and the ability to
appropriately valuate delayed rewards.
Keywords Cognitive and attentional control . Impulse
control . Reward sensitivity . Technology
Electronic devices have become more and more portable and
convenient, providing nearly constant (and ever more efficient) access to the Internet and a diverse range of software
applications and digital media. With this ease of access, technology is playing an increasingly large role in our mental
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lives, serving as a form of Bextended cognition^ (Barr,
Pennycook, Stolz, & Fugelsang, 2015; Clark & Chalmers,
2002; Clayton, Leshner, & Almond, 2015). This situation
can be viewed as a double-edged sword: although it allows
us to communicate, learn, and entertain ourselves, it also
makes it difficult to avoid doing so—even when engaging
with technology is likely to detract from other ongoing activities. Notifications built into smartphones and other e-devices
can intrude on three of our five senses, with lights, tones, and
vibrations each beckoning us to extricate ourselves from our
current tasks and engage instead with the device. Even in the
absence of notifications, internal and external cues (a thought
about work or a social relationship, something brushing
against your pocket, noticing others on their phones, etc.)
provide regular reminders of the opportunity to engage with
the digital world.
These constant notifications and cues, and the relative immediacy with which we can acquire information and satisfy
specific desires by responding to them, may alter our basic
cognitive and affective functioning. Regular intrusions into
ongoing cognition present a challenge to the self-regulatory,
cognitive control processes that support the maintenance of
goal-directed behaviors. And, by offering an often-gratifying
escape from ongoing tasks, engagement with e-devices may
occupy basic reward-related processes and even impact the
fundamental mechanisms through which we valuate and process rewards (Atchley & Warden, 2012). Indeed, some have
argued that today’s youth—referred to at times in the popular
media as the BNow Generation^ and BGeneration C^ (for
BConnected^; BIntroducing Generation C,^ 2012), having
grown up in an era in which mobile technology is omnipresent, possess an especially strong need for instant gratification,
which has diminished their ability to plan effectively for the
future (Muther, 2013). Such assertions are part of a larger
movement generally espousing the ills of technology access

Psychon Bull Rev

and use (Bauerlein, 2008; Ellison, 2012; Greenfield, 2013;
Sutter, 2012). Unfortunately, most of the relevant assertions
(e.g., today’s youth are more immediacy oriented) are based
principally on anecdote, while empirical evidence regarding
any relationship between technology habits and delay of gratification (or other aspects of cognition) is still quite limited.
Some foundational work, such as that of Atchley and Warden
(2012), shows a close parallel between the willingness to delay the receipt of monetary rewards and to delay responding to
informational prompts (to text or call someone back). These
findings indicate that technology behaviors can be understood
in terms of frequently researched decision-making processes
(i.e., intertemporal preference), though the specific mechanisms that are most directly linked to regular technology use
remain poorly understood.
Prior research on intertemporal preference (Kalenscher &
Pennartz, 2008; Peters & Büchel, 2011; van den Bos &
McClure, 2013) has established that individual differences in
the inclination to forego a smaller near-term reward in favor of
a larger delayed reward (i.e., to delay gratification) relates to
the behavior of two interacting systems: one governing the
capacity to control impulses and the other influencing the
individual’s sensitivity to immediately available rewards
(McClure, Laibson, Loewenstein, & Cohen, 2004). Put differently, the tendency to seek immediate gratification can be
explained either by weak impulse control (i.e., the inability
to withhold a reactive or reflexive response in favor of more
deliberative actions; Ainslie, 1975) or greater immediate reward sensitivity (i.e., the tendency to seek out novel or
rewarding sensations and to experience greater sensation
upon acquiring a reward; Carver & White, 1994).
As the opportunities for technology use have grown, so
too has a body of literature investigating the resultant cognitive and behavioral impacts (cf. Baumgartner, Weeda,
van der Heijden, & Huizinga, 2014; Minear, Brasher,
McCurdy, Lewis, & Younggren, 2013; Ralph, Thomson,
Seli, Carriere, & Smilek, 2014; Wang & Tchernev, 2012).
Understandably, a significant area of focus in recent research
is the safety implications of using a cellphone while driving
(e.g. Atchley, Atwood, & Boulton, 2011; Strayer & Drews,
2007). For example, work in this field has demonstrated that
individuals who have a tendency to text on their cellphones
while driving show a steeper discounting function compared
to those who do not (Hayashi, Russo, & Wirth, 2015). That is,
those who more frequently engage in this dangerous behavior
are also generally less inclined to delay gratification in favor
of a larger, later reward. This work shows that at least one
technology-related habit—texting while driving—is related
to variation in intertemporal preference. Whether this relationship arises from individual differences in impulse control or
reward sensitivity (or some other correlated variable), and
whether it generalizes to other mobile technology habits, remains undetermined.

Additional clues come from work by Pearson, Murphy, and
Doane (2013) and Sanbonmatsu, Strayer, Medeiros-Ward,
and Watson (2013). As in the aforementioned studies,
Pearson and colleagues examined cell-phone use while driving, and explored possible relationships with individual traits
that are related to impulse control and reward sensitivity
(using the Urgency Premeditation Perseverance Sensation
Seeking Impulsive Behavior Scale [UPPS]; Whiteside &
Lynam, 2001). Likewise, Sanbonmatsu et al. (2013) asked
participants to report how often they used their cellphones
while driving, assessed a broader facet of technology engagement captured by the Media Multitasking Index (Ophir, Nass,
& Wagner, 2009), and also examined trait impulsivity (Barratt
Impulsiveness Scale, Version 11; Patton, Stanford, & Barratt,
1995) and sensation seeking (Sensation Seeking Scale;
Zuckerman, Eysenck, & Eysenck, 1978). In both studies, a
significant relationship was found between the assessed technology habits and the individual trait questionnaires.
These findings encourage the conclusion that personality
variables related to both impulsivity and reward processing
are relevant factors in mobile technology use. Still, some concern has been raised about the specificity, utility, and reliability of the particular questionnaires used in those studies (Gray
& Wilson, 2007; Zuckerman, 2007). For instance, as noted by
Zuckerman (1996; see also Zuckerman, 2007) the original
Sensation Seeking Scale contains a number of Banachronistic^
questions and may be too narrowly focused on specific contextualized activities; limitations also adopted (in revised
form) into the UPPS. Zuckerman and colleagues have since
constructed a revised scale meant to better capture overall
sensation seeking (Zuckerman, Kuhlman, Joireman, Teta, &
Kraft, 1993). Subsequently, Steinberg et al. (2008) introduced
the use of only a carefully selected subset of questions from
the revised scale to disentangle impulsivity and reward/
sensation seeking.
In our pursuit of the question of what motivates
smartphone usage, we hoped to delineate in a single study
the interrelationships between smartphone usage, delay of
gratification, impulse control, and reward sensitivity. In so
doing, we first sought to develop a survey instrument with a
focus on smartphone usage. Researchers have already developed a large number of self-report indices of technology use
(Alloway & Alloway, 2012; Jacobsen & Forste, 2011; Junco,
2012; Ophir et al., 2009), but there exists little consensus on
which instruments most aptly capture relevant individual differences. One recent, and already widely deployed, measure
of technology usage is the aforementioned Media
Multitasking Index. While media multitasking is certainly an
important aspect of technology use, this instrument focuses on
only this facet of technology-related behavior (multitasking
with technology) and does not isolate the type of usage that
differentiates smartphones from other technology (short, frequent usage throughout the day). Thus, we sought to develop
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an ecumenical, but still targeted, assessment of personal mobile technology device usage.
With this assessment, we sought to determine if individuals
who reported heavier mobile technology use also exhibit a
differential tendency to delay gratification, as measured by
performance on a Bdelay discounting^ task. Merely establishing a relationship between technology habits and delay of
gratification would not be sufficient to clarify the factors that
drive this relationship, whether differences in impulse control
or differences in reward processing. So, we further assessed
individual differences in both impulse control and reward
sensitivity to determine which, if either, of these variables
mediates the relationship between technology engagement
and delay of gratification. To avoid the pitfalls of relying on
individual, and potentially conflated, questionnaire
instruments, we followed Steinberg et al. (2008) in using a
validated subset of questions from existing questionnaires
(as explained in the Method section), and additionally collected responses from secondary measures of both impulse control and reward sensitivity in order to develop construct-level
estimates of each variable.

Method
Participants
Participants were 91 undergraduate students (71.4 % female;
age M = 20.05, SD = 2.19) who completed a battery of questionnaires and cognitive tests. The sample was racially
(59.3 % self-identified as Caucasian or white, 15.4 % as
African American or black, 14.3 % as Asian, 1.1 % as
American Indian or Alaskan Native, 3.3 % as more than one
race, and 6.6 % declined to respond) and ethnically (4.4 %
self-identified as Hispanic) diverse. All procedures were approved by the Institutional Review Board at Temple
University, and participants were given course credit for
participation.
Measures
Technology engagement We created a technology engagement scale with the purpose of indexing mobile technology
usage.1 By assessing self-reported behaviors regarding different facets of mobile technology, we hoped to create an index
that could characterize individual technology engagement patterns while not being overly biased by any one technologyrelated habit. The three components of this scale were brief
self-report questionnaires assessing (1) phone-based social
1
We also assayed other technology-related habits (e.g., computer use,
video gaming), but responses to these questions were not considered in
the present study.

media use, (2) frequency of public status updating, and (3)
phone-checking behavior. Phone-based social media use
was determined by the participants’ responses to three
Likert-style questions about their daily usage of various mobile social media applications (Facebook, Twitter, Instagram,
Vine, Snapchat). Frequency of posting public status updates
was determined by the participants’ response to a single question, BHow often do you post public status updates?^ Phonechecking behavior was determined by the average response of
participants’ answers to three Likert-style questions: BHow
often do you check your phone for new activity?^, BHow
often do you find yourself checking your phone when you
have a few moments to spare?^, and BHow often do you find
yourself checking your phone during conversations or when
hanging around with friends?^ The study sample indicated
acceptable internal reliability for this construct (α = .65). To
further explore the validity of this technology engagement
scale, we also gathered, from a subset of our participants,
information regarding their technology multitasking habits
using the Media Multitasking Index (MMI; Ophir et al.,
2009) and examined correlations between the Technology
Engagement scale and the MMI. The MMI provides an estimate of the amount of time one spends multitasking with
various forms of media. In the standard form, participants
are asked to estimate the total number of hours they spend
engaging in 12 different forms of media (e.g., watching television, playing video games, talking on the phone, instant
messaging) and to specify, across a series of pages (one for
each media type), the degree to which they use each media
technology concurrently with each of the other media formats
(i.e., engage in media multitasking). The MMI score is an
aggregated score based on the sum total of multitasking habits
(specific calculation is described in Ophir et al., 2009). For
expediency, in the present study we created a matrix-style version of the MMI (see supplemental online information), which
allowed participants to detail their media multitasking habits
on a single computerized form rather than across a series of
repeated forms pertaining to each media type.
Intertemporal preference We assessed individual differences in the tendency to delay gratification in favor of larger,
later, rewards using a delay discounting task (O’Brien, Albert,
Chein, & Steinberg, 2011). In the delay discounting task, participants were asked to make hypothetical choices between a
smaller sum of money offered now versus a larger sum of
money (always $1,000) offered at six different delays, ranging
from 1 day to 1 year. The smaller sum of money offered was
varied systematically, until the participant reached an indifference point—the value at which the subjective value of the
smaller immediate offer matched the subjective value of the
larger ($1,000) delayed offer (Ohmura, Takahashi, Kitamura,
& Wehr, 2006). Participants completed 10 trials at each delay
interval. Using this data, we calculated each individual’s
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discount rate (k) as well as their indifference points at each
delay. As is commonly done, a natural log transformation was
applied to all k values in order to reduce skewness to an acceptable level. While we investigated indifference points at
each delay, based on previous experience with this task
(O’Brien et al., 2011; Weigard, Chein, Albert, Smith, &
Steinberg, 2014) we expected the responses to the longer delays to have the greatest individual subject variance. Thus, the
longest two delays (6 months and 1 year) were averaged and
taken as a more sensitive index of individual variation in immediacy orientation.
Reward sensitivity Two instruments were used to create a
reward sensitivity construct: a subset of questions from
Zuckerman’s revised Impulsive Sensation Seeking scale and
a subscale of the BIS/BAS questionnaire. The Impulsive
Sensation Seeking measure (Zuckerman et al., 1993) is a 19item self-report questionnaire that intentionally conflates impulsive and sensation-seeking behaviors in order to broadly
characterize these personality traits. To isolate sensation seeking, Steinberg et al. (2008) identified a subset of six items from
the updated Zuckerman scale that most purely related to this
construct (BI like to have new and exciting experiences and
sensations, even if they are a little frightening,^ BI like doing
things just for the thrill of it,^ BI sometimes like to do things
that are a little frightening,^ BI’ll try anything once,^ BI sometimes do ‘crazy’ things just for fun,^ and BI like wild and
uninhibited parties^). These items were answered as either true
(coded 1) or false (coded 0), and item scores were averaged to
create a mean Sensation Seeking score. This subset of items
has been shown to exhibit good internal consistency (α = .70;
Steinberg et al., 2008). In the current sample, the internal consistency was similarly good (α =.73).
The BIS/BAS scales are measures of behavioral inhibition
and behavioral approach (Carver & White, 1994). For the
purposes of the present study, we were primarily concerned
with the behavioral approach component (BAS), which is itself comprised three subscales: Fun Seeking, Reward
Responsiveness, and Drive. Because we were specifically focused on targeting individual reward sensitivity, only the
Reward Responsiveness subscale was used in our analyses.
This subscale has been shown to have good internal consistency (α = .73; Carver & White, 1994). The present sample
indicated acceptable internal consistency (α = .68) with this
subscale.
Impulse control An Impulse Control construct was calculated
by taking the average score from two measures, Barratt
Impulsiveness Scale and false alarm rate on a go/no-go task.
The Barratt Impulsiveness Scale is a widely used self-report
measure of impulsivity (Patton et al., 1995). Again, based on
the findings of Steinberg et al. (2008), we elected to use only
18 items of the full 30-item questionnaire having specificity

with respect to impulsive behavior (rather than to sensation
seeking). Each item was answered on a 4-point scale (rarely/
never, occasionally, often, almost always) and scores were
averaged, with higher scores indicative of greater impulsivity.
Steinberg et al. (2008) showed that this subset of questions has
good internal consistency (α = .73). In the current sample, the
internal consistency was similarly good (α = .75).
The go/no-go task used in the current study involved the
rapid presentation of a series of go (x) and no-go (k) stimuli.
Participants were instructed to give a button press response
following each x, but to withhold responding whenever they
saw a k stimulus. The stimuli were presented for 250 ms each,
followed by an unpredictable ITI ranging between 750 ms and
1,750 ms. In total, 333 stimuli were presented, of which only
50 were no-go trials (ks). These no-go trials were pseudorandomly interspersed into the series so that a no-go trial
was equally often preceded by 1 to 10 prior go trials (five
occurrences of each). The entire task lasted just over 8.5 minutes. Normalized scores from both the Barratt Impulsiveness
Scale and go/no-go measures were inverted so as to reflect
impulse control rather than impulsivity (i.e., a higher score
on the construct indicated a stronger tendency to control impulsive responses).

Results
Descriptive statistics and bivariate correlations
Basic descriptive statistics for each measure are provided in
Table 1, and correlations between individual measures are
shown in Table 2. To verify the validity of our Technology
Engagement scale, we first examined the bivariate correlation
between normalized scores on this scale and the MMI scores
obtained from a subset of our participants (n = 50). The significant correlation (r = .310, p = .028) indicates that, despite
focusing on different aspects of technology use, the two measures explain overlapping variance with respect to general
technology habits.
Relationship between technology engagement
and intertemporal preference
A primary aim of the present study was to determine whether
there is a relationship between technology use and
intertemporal preference. Indeed, we found a significant correlation between individuals’ discounting rate (logk) and their
self-reported technology engagement (r = .240, p = .023).
Next, we confirmed that the correlation was driven by participants’ responses at the longest 2 delays. As expected, technology engagement scores were highly correlated with the
mean indifference points for 6-month and 1-year delays (r =
-.286, p = .006; see Fig. 1a), but not for any of the shorter
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Table 1

Descriptive statistics for individual measures
Minimum

Technology engagement

Intertemporal Preference (ITP)
Impulse control
Reward sensitivity

Mean

Std. Deviation

MMI

0.01

7.31

3.22

1.61

Phone-based social media use

4

25

12.32

4.76

Phone-checking behavior
Frequency of posting public status updates

-2.72
1

1.59
7

-0.03
2.36

0.78
1.15

Mean indifference point
Go /No-Go false alarms

57.43
2

970.13
44

489.41
19.95

249.03
8.88

Barratt Impulsiveness Scale

1.22

2.93

2.03

0.37

Zuckerman’s Impulsive Sensation Seeking scale
BAS-reward

0
13

1
20

0.68
16.57

0.29
1.86

delays (all ps > .05, for the average of indifference points at
the shorter delays: r = -.020, p = .849).
Relationship between technology engagement, impulse
control, and reward sensitivity
We next sought to determine whether there was also a relationship between technology engagement and either impulse
control or reward sensitivity. Bivariate correlations revealed a
significant negative relationship between technology engagement and impulse control (r = -.234, p = .025; see Fig. 1b),
indicating that individuals who report more engagement with
e-devices tend to exhibit a lack of impulse control.
Meanwhile, no such relationship existed between technology
engagement and reward sensitivity (r = .052, p = .627; see
Fig. 1c).
Mediation of the relationship between technology
engagement and delay of gratification
The pattern of correlations we obtained suggested the possibility that the relationship between technology engagement
and intertemporal preference might be specifically mediated
by individual variation in impulse control, and not in reward
sensitivity. To test this possibility we conducted mediation
analyses using the bootstrapping methods delineated by
Preacher and Hayes (2004) and utilizing Hayes’ PROCESS
Model (Hayes, 2013; Preacher & Hayes, 2004). Each analysis
was performed using 10,000 bootstrap resamples to estimate
Table 2

Maximum

the indirect effect of the proposed mediator variables. The
bootstrapping method yields 95 % confidence intervals (CIs)
for each proposed mediator and its indirect effect. If zero is not
included within an estimated 95 % CI, the indirect effect is
taken to be significantly different from zero. In an initial mediation analysis we tested whether impulse control plays a
mediating role in the relationship between technology engagement and intertemporal preference. The indirect effect of technology engagement through impulse control yielded a
bootstrapped CI that did not include zero (b = .059, 95 % CI
[0.005, 0.187]), indicating that impulse control is indeed a
significant mediator of the relationship. That is, as shown in
Fig. 2, while higher levels of technology engagement are related to a tendency toward accepting a smaller immediate
reward, this relationship is due in part to the relationship between technology engagement and impulse control.
A further mediation analysis sought to determine whether
reward sensitivity mediates the relationship between technology engagement and intertemporal preference. This mediation
analysis yielded a bootstrapped CI that included zero, indicating that reward sensitivity is not a mediator in this relationship
(b = .012, 95 % CI [-0.037, 0.116]).

Discussion
By combining different aspects of mobile technology use into
a single scale, we were able to obtain a novel metric of individual differences in mobile technology usage. Importantly,

Correlations between individual measures ^ = reverse-coded; *p < .05; **p < .01
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Impulse Control
-.105

-.234*

Technology
Engagement

c’ = -.328**
c = -.286**

Intertemporal
Preference

Fig. 2 Impulse Control mediates the relationship between technology
engagement and intertemporal preference

Fig. 1 Relationship between technology engagement and normalized (a)
intertemporal preference (logk), (b) impulse control, and (c) reward sensitivity

this method of assessing technology habits proved to be positively correlated with another widely used index of technology habits (the MMI), indicating a common underlying behavior. Our Technology Engagement scale thus appears to be
an effective measure that encapsulates various ways by which
people engage with mobile technology, with a specific focus
on the type of behaviors that are typical of smartphone and
other portable e-device usage.
Interestingly, the results suggest that a significant relationship exists between technology engagement and intertemporal
preference. Whereas Atchley and Warden (2012) demonstrated similarities in the processes by which information and
monetary rewards are valuated, and Hayashi et al. (2015)
linked delay tolerance with cellphone use while driving, the
present research provides evidence that broader aspects of
technology use are also related to individual differences in
intertemporal preference.
It has been argued that performance on delay discounting
tasks is dependent upon two different aspects of decision making: impulse control and reward processing. In order to pinpoint the source of the differential behavior exhibited by
heavy technology users, we examined the relationship between technology engagement and both of these purported
facets of decision making. Similar to a previously reported
association between media multitasking and impulsivity
(Minear et al., 2013), our analyses revealed that impulse control significantly correlated with technology engagement.
Furthermore, impulse control was a significant mediator of
the relationship between technology engagement and
intertemporal preference, whereas reward sensitivity was
not. Indeed, our results fail to indicate even a basic relationship between technology engagement and reward-driven behaviors (cf. Pearson et al., 2013; Sanbonmatsu et al., 2013).
The apparent discrepancy between the earlier and current findings may relate to our efforts to carefully dissociate the impulse control and reward sensitivity constructs. However, we
acknowledge that other factors, including an emphasis on disparate aspects of technology-related behavior, and overall differences in design and statistical power, may have contributed
to the different results.
The current findings extend a growing literature demonstrating the links between technology habits and aspects of
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cognitive functioning—for example, working memory
(Alloway & Alloway, 2012), attention (Paul, Baker, &
Cochran, 2012), and executive functioning (Abramson et al.,
2009)—and has potentially important implications for our understanding of the factors that motivate technology use habits.
In considering the question BWhat drives people to engage
with their smartphones?^, one might offer two seemingly reasonable answers: (1) individuals are unable to withhold the
impulse to check, whether driven by endogenous thoughts
or exogenous cues, and (2) individuals engage with their
phones in an attempt to seek out a rewarding stimulus.
Ultimately, the present evidence leads us to the conclusion
that mobile technology habits, such as frequent checking,
are driven most strongly by uncontrolled impulses and not
by the desire to pursue rewards.
Despite this intriguing pattern of results, several clear limitations should be acknowledged, with important implications
for the conduct of future research in this arena. Most important, although we provide evidence of mediation, the data are
correlational in nature. Thus, the true causal relationships
could go in either direction: (1) individual differences in
intertemporal preference and impulse control may influence
the extent to which people engage with mobile technology, or
(2) a prior history of investment in mobile technology may
have a lasting effect on impulse control and intertemporal
preference. Further research is needed to determine the directionality of the effect.
Another important limitation of this study is that the data
we collected to form the Technology Engagement scale was
generated from self-report. Accordingly, it is possible that the
results reflect differences in how one subjectively perceives
his or her own technology habits but fail to accurately characterize the individual’s actual usage patterns. Indeed, recent
empirical evidence substantiates this possibility (Andrews,
Ellis, Shaw, & Piwek, 2015). As an increasing number of
our behaviors and social interactions occur in the digital
world, the field of research psychology would greatly benefit
from the development of applications that objectively trace
smartphone usage.2
Developing a better understanding of the impacts of
smartphone and mobile technology usage on cognitive and
affective outcomes is critical in understanding the potential
problems of overusing this technology. Given the correlational
nature of the present data, we should remain cautious before
drawing any causal inferences. Still, the findings provide important insights regarding the individual difference factors that
relate to technology engagement and are consistent with the
common conception that frequent smartphone use goes hand
in hand with impatience and impulsivity.

2
There are already several applications that track usage, but none designed specifically with the concerns of research in mind.
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