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The increasing popularity of media multitasking is frequently reported in national surveys
while laboratory research consistently confirms that multitasking impairs task performance.
This study explores this apparent contradiction. Using dynamic panel analysis of time series
data collected from college students across 4 weeks, this study examines dynamic reciprocal
impacts of media multitasking, needs (emotional, cognitive, social, and habitual), and
corresponding gratifications. Consistent with the laboratory research, cognitive needs are
not satisfied by media multitasking even though they drive media multitasking in the first
place. Instead, emotional gratifications are obtained despite not being actively sought. This
helps explain why people increasingly multitask at the cost of cognitive needs. Importantly,
this study provides evidence of the dynamic persistence of media multitasking behavior.
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Multitasking—engaging in two or more activities at once—is certainly not a new
phenomenon. However, media saturation and convergent technologies have made
media multitasking increasingly prominent in recent years. A dramatic increase
in media multitasking behavior is frequently reported, especially among younger
generations. A recent study by Carrier, Cheever, Rosen, Benitez, and Chang (2009)
found that out of 66 possible combinations of media tasks, Baby Boomers (born
between 1946 and 1964) had on average engaged in 23.2 combinations, which
increased to 32.4 for Gen Xers (born between 1965 and 1978) and 37.5 for Net
Geners (born after 1978). Consistent with this acceleration trend, Rideout, Foehr,
and Roberts (2010) found that a majority of teenagers multitask “most” or “some”
of the time while listening to music (73% of respondents), while watching TV (68%),
while using a computer (66%), and while reading (53%). The percentages increased
substantially compared to those found in 2004 (p. 34).

In stark contrast to the escalating popularity of media multitasking, growing
research evidence consistently confirms its adverse impacts on task performance
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and learning. For example, while reading a passage from a textbook, students who
were simultaneously chatting via instant-messaging took roughly 21% more time
compared to those who were not multitasking (Bowman, Levine, Waite, & Gendron,
2010). Watching television while doing academic work has been found to harm perfor-
mance on both reading comprehension and memory tasks (Armstrong, Boiarsky, &
Mares, 1991; Pool, Koolstra, & van der Voort, 2003). Also multitasking has been shown
to impair the processing and verification of written information (Gilbert, Tafarodi, &
Malone, 1993). Of even greater concern are findings which suggest cognitive deterio-
ration caused by chronic media multitasking. A recent study found that heavy media
multitaskers are more distracted by irrelevant stimuli than light media multitaskers
and, surprisingly, less efficient at switching tasks (Ophir, Nass, & Wagner, 2009).
Furthermore, multitasking can potentially be life-threatening, as with the complex
cognitive demands placed on pilots and drivers (Loukopoulos, Dismukes, & Barshi,
2009).

If multitasking is harming our work performance, deteriorating our cognitive
functions, and even threatening our safety, why do we increasingly multitask?
Borrowing Rosen (2008)’s words, most perceived benefits of multitasking are only
“myths” (p. 105). Perhaps people are simply unaware of its actual inefficiencies. Or,
perhaps they are forced to multitask by a frenzied work environment. However, from
the dynamic motivated choice perspective (e.g., Busemeyer, Townsend, & Stout,
2001; Wang, Lang, & Busemeyer, 2011), there must be positive, reinforcing feedback
effects to the behavioral system that originate from underlying motivations. The
feedback effects drive and sustain multitasking behavior even when cognitive costs
and performance loss occur. This study explores this question using time series
data across 4 weeks of college students’ media multitasking behavior, needs, and
gratifications. The term “multitasking” has been defined differently as it has been
studied on different levels ranging from the cognitive to the behavioral. Here we focus
on user-generated conceptions of multitasking (e.g., Ophir et al., 2009) based on
self-identified situations that involve two or more simultaneous goals, two or more
stimuli, and two or more responses (Meyer & Kieras, 1997). Media multitasking is
multitasking involving at least one media-based stimulus or response.

The uses and gratifications perspective

A classic theoretical framework to examine media use behavior and motivation is the
uses and gratifications (U&G) theory (Katz, Blumler, & Gurevitch, 1973; for a recent
review, see Rubin, 2009). Researchers, viewing the audience as active media users,
have used the U&G paradigm to understand the functions served by many new forms
of media over the years, from radio to social media networks (Rubin, 2009). The
quick diffusion of multitasking-facilitating media technology, such as smart phones,
has provided people with unprecedented convenience and control over when, where,
and how they consume media. Hence, a user-oriented theoretical approach is now
especially important in understanding people’s media choice behavior.
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At the center of the U&G approach are the various needs of media users. Needs
are “the combined product of psychological dispositions, sociological factors, and
environmental conditions” (Katz etal., 1973, pp. 516-517) that motivate media
consumption or exposure. Gratifications are the “perceived fulfillment” of the needs
through media use (Palmgreen, 1984, p. 22). Because this study focuses on general
needs that are relevant across all kinds of media uses and activities, we synthesized
commonly used needs from previous typologies (e.g., Katz, Haas, & Gurevitch, 1973;
Palmgreen, 1984; Ruggiero, 2000) into four basic categories: emotional, cognitive,
social, and habitual. Emotional needs are “needs related to strengthening aesthetic,
pleasurable, and emotional experience” (Katz et al., 1973, p. 166). Cognitive needs
are “related to strengthening information, knowledge, and understanding” (p. 166).
Social needs are “needs related to strengthening contact with family, friends, and
the world” (p. 167). Habitual needs, while sometimes less salient and less active
than other needs, can be thought of as ritualized media use driven by needs such as
background noise (Katz et al., 1973) or for structure in one’s day (Mendelsohn, 1964).

The dynamic reciprocal influence of media uses, needs, and gratifications

Implicit in the definition of multitasking (Meyer & Kieras, 1997) is the concept of
multiple needs, and thus multiple dynamically changing trajectories of those needs.
In fact, even during the process of making a single choice, we are likely to have
multiple needs of varying strengths; the relative strengths of the needs will influence
which option we select (Busemeyer et al., 2001). Furthermore, the resulting choice
behavior, such as consuming a chosen food or using a chosen media, determines
our gratifications, which further influence our needs and subsequent behavior. Early
animal behavior researchers have explained how consummatory behavior, such as
eating and drinking, reduces the discrepancy between the current and the desired
needs, thereby maintaining homeostasis (McFarland, 1971, 1974). These findings
have been adapted to explain human behavior dynamics, such as self-regulation
(Carver & Sheier, 1981). For example, the dynamics of action theory (Atkinson &
Birch, 1970) posits that the dominant action tendency at a given point in time is
expressed, leading to satiation, while unexpressed action tendencies grow in strength
until a different one becomes dominant.

A similar perspective on dynamic reciprocal influences of choice behavior and
needs is shared by media scholars. For example, Slater (2007) proposes a theoretical
framework of mutually reinforcing spirals between media uses and effects. He and
colleagues found that, for instance, an adolescent with more aggressive tendencies
is more likely to watch programming that features aggression and violence, which
may further impact his/her aggressive needs and tendencies, potentially leading
to a strengthening pattern over time (Slater, Henry, Swaim, & Anderson, 2003).
In short, individuals choose and create their environment, including their media
environment, but are also affected by this environment. Therefore, to understand
media use behavioral patterns and their effects, we need to consider them in a dynamic
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context which is constantly changed by the media users themselves through their
interaction with the environment. This viewpoint resonates with the perspectives of
several U&G theorists who have emphasized the distinction between gratifications
sought and gratifications obtained (Palmgreen, 1984). A user’s selected media
activity may deliver none, some, or all of the gratification sought, and those obtained
gratifications, in turn, can lead to adjustments in subsequent choice behavior.
Recently, formal (mathematical) dynamic analyses of real-time data have been
employed to explore the mutual dynamic influences between media choices, needs,
and gratifications. In the context of television viewing, Wang, Busemeyer, and Lang
(2006) developed a stochastic model of choices to formalize the motivational utilities
(i.e., needs) of channel options, which dynamically change through reinforcement
learning of the content presented on different channels. The continuously changing
utilities of each channel determine channel choices and viewing durations which, in
turn, change the utilities of the channels in real time. Can the dynamic reciprocal
impacts between media use and needs, specified and tested by Wang et al. (2006)
using laboratory experimental data, be extended to real-life media use? Can the
theoretical view of U&G be specified by formal dynamic models? This study attempts
to explore these questions and develop dynamic U&G models. To test the dynamic
relationship between media multitasking, underlying motivation (as specified by four
categories of needs), and corresponding gratifications, we formalize our hypotheses
using dynamic panel models (Baltagi, 2008). The dynamic panel model is a powerful
tool to parse out the feedback or reinforcement effects of dependent variables,
exogenous influences, and heterogeneity across individuals. Three sets of models are
hypothesized to predict media multitasking behavior, needs, and gratifications.

The hypothesized dynamic panel models

The dynamic models of multitasking

A person’s media multitasking behavior at any time should be determined by
his/her previous multitasking behavior (Hypothesis 1a) and his/her needs at the time
(Hypothesis 1b). Specifically, in the context of our daily media use data, we will
explore whether there are daily and weekly reinforcement effects (lag 1 and lag 7
feedback effects, respectively) for media multitasking. Based on the U&G view of
active media users and the literature on motivated choice behavior as reviewed earlier
(e.g., Rubin, 2009; Busemeyer et al., 2001), needs are expected to have a positive or
increasing effect on multitasking.

In addition, research has shown that personality traits of extraversion (being
“dominant, talkative, social, and warm,” McCrae & John, 1992, p. 196) and neuroti-
cism (“the tendency to experience distress,” p. 195) affect multitasking. Introverts
were found to have difficulty decoding nonverbal messages while multitasking
(Lieberman & Rosenthal, 2001). Neuroticism was found to negatively correlate with
multitasking performance (Oswald, Hambrick, & Jones, 2007). In both cases, it is
likely that lower ability at multitasking may lead to less multitasking behavior. Thus,
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we propose that personality differences in extraversion and neuroticism will influence
daily media multitasking behavior across individuals (Hypothesis 1c). Expressing the
hypotheses formally, the full model to be tested is:

MT;; = a; - MTi;—1 +a - MTi;—7 + By - Nej; + B2 - Ncj; + B3 - Nsj; + By - Nh;,
+ Extraversion; 4+ Neuroticism; + u; + €;; fori = {1,...,N} and

{t=1,...,T}, (1)

where N is the number of individuals (panels) in the data set and T is the number
of observations (time series) for each individual. In our case, N = 19 and T = 28.
In the above equation, the term MT;; on the left hand side of the equation is what
we are trying to predict—media multitasking behavior duration for individual i at
time point ¢. The first two terms on the right hand side of the equation, a; - MT;,—;
and o, - MT;,_7, represent feedback effects of prior multitasking behavior from the
previous day and a week ago (the coefficients are o; and oy, respectively). These
are critical for explaining the time course of the multitasking behavior dynamics
as influenced by individual needs and personalities. As illustrated by Wang et al.
(2011), small changes in these dynamic system feedback terms can produce striking
differences in the system outputs that are observed by researchers (such as the
multitasking behavior) even when the exogenous effects (such as those caused by
needs) are kept exactly the same. In other words, the feedback terms determine how
quickly the multitasking behavior, as a dynamic system, responds to the changes in
needs, and how large and enduring the responses are (Harvey, 1990). Next in the
equation are variables representing emotional, cognitive, social, and habitual needs,
each with a B coefficient estimating the need’s effect on multitasking (; - Ne;,,
Bs - Nciy, B3 - Nsiy, and By - Nh;y, respectively). The two terms of Extraversion;
and Neuroticism; test whether these two traits of individual i affect the media
multitasking behavior patterns. Finally, the last two terms are the error terms in
the model. Specifically, €;; is the error that is not predicted by the model for
individual 7 at time point ¢, and u; includes individual-level effects that we did
not or could not measure, called idiosyncratic errors because they vary across
individuals.

The dynamic models of needs

Multitasking behavior is proposed to be affected by needs, but how are the needs
at any given point in time determined? Needs are hypothesized to be determined
by prior needs and gratifications obtained. First, the needs should maintain their
endogenous continuity, as suggested by literature on homeostasis (McFarland, 1971,
1974) and cyclical patterns of motivation (David, Song, Hayes, & Fredin, 2007; Wang
etal., 2011). This suggests significant positive feedback from the needs themselves
across time (Hypothesis 2a). As for multitasking, two dynamic system feedback terms
are tested—one formalizes the effect of the need from the day before, and the
other from 1 week before. They are specified by ape; - Nej,—1 and aype; - Nej,—7 in
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Equation 2, which uses the model of emotional needs (Ne) as an example. In addition,
behavior itself can produce gratifications that change needs in real time (Busemeyer
et al.,, 2001; Wang et al., 2006), which suggests a lagged reduction effect from the
gratification on the need (Hypothesis 2b). In our model, this is specified by the term
Bre1 - Gej;—1 in Equation 2, where Ge;;_ is gratification resulting from multitasking
behavior at time point ¢ — 1 for individual 7, and By is its coefficient, which is
expected to be negative to produce a reduction effect. Finally, as in the multitasking
model, errors within the time series of each individual and across individuals are
specified using ene;¢ and uye; respectively. It is worth pointing out that for each
of the four categories of needs, model coefficients are separately estimated to allow
heterogeneous dynamics among different needs. Equation 2 below represents emo-
tional needs (Ne) as an example, which is a function of its feedback effects and lagged
emotional gratifications (Ge). The other three categories of needs follow the same
formalization.

Nei,t = Qpel - Nei,t—l + Olpe2 - Nei,t—7 + Bnel ' Gei,t—l + Une,i + €ne,i,t

fori={1,...,N}and{t =1,...,T}. (2)

The dynamic models of gratifications

Now we have proposed how needs are affected by gratifications, but what determines
gratifications? First, similar to multitasking and needs, there probably is a feedback
influence within gratifications across time. However, gratification is a pleasurable
emotional response to the fulfillment of a need, so gratification seems inherently to
be determined by what needs (at what strengths) exist, and by how much a need
is fulfilled through behavior. Hence it is less clear whether gratifications, at the
daily level in our data, will keep certain persistence despite the exogenous changes
in needs and behavior (Research Question 3a). As with needs, we will test whether
there are feedback effects on gratifications, both daily (lag 1) and weekly (lag 7).
Based on the literature on needs and gratifications as reviewed (e.g., Palmgreen,
1984), gratifications are expected to be caused by needs in the same category
(Hypothesis 3b), by media multitasking behavior (Hypothesis 3c), and crucially, by the
interactions between the behavior and needs (Hypothesis 3d) because it is the needs-
fulfilling behavior that leads to gratifications. Model comparison and coefficient
estimation are separately conducted for each of the four categories of gratifications.
Using emotional gratifications as an example, Equation 3 depicts the proposed
relationships: Gratification for individual i at time point ¢ (Ge;;) is determined
by emotional needs (Ne;,), media multitasking (MT;,), and their interaction. The
model includes the test of feedback effects (Ge;;—1, Gej;—7). Also, errors within and
across individuals (egei s, tige,i) are modeled.

Gei,t == O(gel . Gei,t—l + OCge2 . Gei,t—7 + Bgel . Nei,t + BgeZ . MTi,t + Bge3 : Nei,t . MTi,t
+ Ugei + €geir fori={1,...,N}and {t = 1,..., T}. (3)
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Method

The participants and the experience sampling method

Thirty-two undergraduate students at a large university in the Midwestern United
States, recruited through advertising flyers, participated in the study for monetary
compensation. Due to time conflicts, three participants withdrew from the study.
Because our goal was to examine multitaskers’ behavior over time and not the
prevalence of multitasking, we excluded 10 people who never or almost never
reported multitasking. Of the 19 people whose data are included in the analysis,
6 (31.58%) were male; 14 (73.68%) were Caucasian and the rest were Hispanic,
African American, and Asian. Most were seniors (47.37%) or juniors (42.11%), and
the average age was 21.11 (SD = 1.20). Those excluded shared similar demographic
characteristics.

Using the experience sampling method (Kubey, Larson, & Csikszentmihalyi,
1996), participants reported their activities, both media- and nonmedia-related, three
times per day for 4 weeks. To facilitate data reporting and to avoid contaminating
media use, each participant was provided with a cellphone-like device to report their
activities. The device was configured to only allow e-mail communication between
an assigned participant e-mail account (associated with a numeric identity to ensure
confidentiality) and a data storage account. Participants were given 1.5-hour windows
to submit their reports at midday, in the evening, and before they went to bed. An
e-mail reminder was sent to all participants at the beginning of each time window,
which triggered a flashing signal light on the device. Before data collection began,
all participants were trained for 3 hours and achieved 100% accuracy in three data
reporting tests. Also, they were given one day to practice. At the end of the 4-week
data collection, participants completed questions on demographics, extraversion,
and neuroticism (McCrae & John, 1992).

Media uses, needs, and gratifications measures

Participants were trained to follow a code book to report their activities. The code
book was developed based on the U&G literature and a content analysis of open-ended
essays on daily activities of undergraduate students over 5 days (N = 78). The code
book defines each media activity by the general medium type in use (e.g., computer,
radio, print, television, phone) and by specific subtypes within that medium (e.g.,
for computer-based activities, subtypes included browsing online, social networking,
etc.). Nonmedia activities were divided into categories such as work, learning,
recreation, and housework. For each activity, participants reported the type of activity,
the duration, and whether any other activities were performed simultaneously. In
addition, for each activity or combination of activities (i.e., multitasking), participants
provided their motivations for doing the activity/activities from alist of seven potential
needs: fun/entertainment, relaxation/killing time, information, study/work, social
(personal), social (professional), and habits/background noise. For each need, they
reported the strength using a 10-point scale (1 = teeny tiny need and 10 = an
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extremely strong need) and gratifications obtained using a 4-point scale (1 through
4 = not satisfied, partially satisfied, completely satisfied, and beyond expectations,
respectively). In analysis, the seven categories of needs and gratifications were reduced
into four general categories from U&G literature as introduced earlier—emotional
(fun/entertainment, to relax/kill time), cognitive (information, study/work), social
(personal, professional), and habitual (habits/background noise). Using the more
specific categories of needs in data collection helped participants gain more concrete
understanding of each need. In analysis, reducing the data to more general categories
ensured sufficient data points to model each category, and also made the number
of models tested in the study manageable. The content analysis confirmed that
these categories covered primary needs and gratifications of college students’ daily
activities.

Analysis and results

Time series data set and dynamic panel data analysis

For each participant, time series were created for the duration of media multitasking
(in hours), the four categories of needs (emotional, cognitive, social, and habitual),
and the corresponding gratifications. They were created by averaging data over the
three reporting time periods of the day (each period includes around 5—6 hours awake
if assuming 8 hours of sleep in a day), resulting in one data point per day and 28 data
points in total for each time series. There are within-individual dynamics across time
as well as variations across individuals. Dynamic panel models afford simultaneous
examinations of both levels of variation while accounting for unobserved individual
heterogeneity (Baltagi, 2008). Each of the three sets of hypotheses proposed above was
tested by comparing the full model, as specified in the equations, to nested simpler
models. We fit the competing models using the generalized method of moments
(GMM) estimator implemented by the xtdpdsys command of Stata/SE 11.0 software
(Arellano & Bover, 1995; Blundell & Bond, 1998). Models were compared using
Wald yx? (Engle, 1984) and the final selected models passed the Sargan test of
overidentifying restrictions (Arellano & Bond, 1991).

The dynamic models of media multitasking behavior

Model fitting and coefficient estimation

To test Hypotheses 1a, 1b, and Ic, several competing models were compared. Model
coefficients and model fit statistics are summarized in Table 1. First, to test whether
there are daily and weekly feedback effects of multitasking behavior itself, the full
model as explicated in Equation 1 (the L7 model in Table 1), is compared to a simpler
nested model without the weekly feedback term (the L1 model in Table 1). As shown
in Table 1, the L7 model performs better than the L1 model according to Wald x2
indicating that both the prior day’s multitasking activities and those of a week ago
help predict multitasking on a given day. Also, the model reveals that cognitive and
habitual needs significantly predict multitasking, but emotional and social needs
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Table 1 Model Evaluation and Estimated Coefficients for Competing Media Multitasking
Models

MTi,t
L7 Model L1 Model Model 3 Model 4
M (SE) M (SE) M (SE) M (SE)

Intercept —1.81 (1.05)" —2.02 (0.98)* —1.78 (1.04)" —0.47 (0.32)
MT;, 0.05 (0.04) 0.05 (0.04) 0.05 (0.04) 0.05 (0.04)
MT;, 7 0.12 (0.05)* 0.12 (0.05)* 0.12 (0.05)*
Emotional need;, 0.01 (0.02) —0.01 (0.02)
Cognitive need;; 0.10 (0.03)* 0.07 (0.02)* 0.09 (0.02)* 0.09 (0.02)*
Social need; 0.001 (0.03) —0.03 (0.03)
Habitual need; 0.07 (0.03)* 0.06 (0.03)* 0.07 (0.03)* 0.07 (0.03)*
Extraversion; 0.39 (0.30) 0.48 (0.27)" 0.39 (0.29)
Neuroticism; 0.22 (0.12)F 0.25 (0.12)* 0.22 (0.12)" 0.23 (0.12)*
Wald y? 34.08* 27.56* 34.82* 33.26™

2The model is preferred. Selection is based upon the p-value associated with the Wald
%2 value difference between the two competing models (df = the difference of the number of
coefficients of the two competing models).

*p < .05.Tp < .10.

do not. Individual differences in neuroticism affect multitasking, but differences in
extraversion do not. Thus, the L7 model is further compared with a simpler nested
model excluding the emotional and social needs (Model 3 in Table 1) and an even
simpler model excluding extraversion (Model 4 in Table 1). Based on the Wald tests,
Model 4 is preferred over the others.

The effects of system feedback, cognitive and habitual needs, and neuroticism on media
multitasking behavior

As predicted by Hypothesis 1a, multitasking behavior shows a significant weekly
feedback effect as indicated by the Lag 7 feedback term. Supporting Hypothesis 1b, daily
needs, specifically cognitive and habitual needs, increase multitasking behavior on that
day. Coefficients in dynamic panel models can be interpreted in a similar fashion to
thosein linear regression models, and they provide a static “snapshot” of the estimated
effects of the exogenous variables per time unit (though to understand cumulative
effects over time, interpretation is more complex, as discussed below). As estimated by
our model coefficients, on average, during a 5- to 6-hour data reporting time period,
when cognitive needs increase by one unit (on the 1-10 scale), media multitasking
increases 0.09 hour; when habitual needs increase by one unit, multitasking increases
0.07 hour. In addition, neuroticism, but not extraversion, predicts multitasking
duration. Thus, Hypothesis 1cis partially supported. On average, a participant one unit
higher in neuroticism (on the 1-5 scale) than a comparison case is expected to engage
in 0.23 additional hours of media multitasking during a data reporting time window.
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The dynamics of media multitasking behavior across time

The above analysis shows that media multitasking is a dynamic system with a persistent
weekly pattern. For a dynamic system, its responses to an exogenous influence depend
on not only the exogenous influence but also the system’s own feedback effect.
The feedback effect moderates the activation speed, strength, and duration of the
exogenous effects in complex ways (Luenberger, 1979; Wang et al., 2011). Thus, to
illustrate how the dynamic feedback effects integrate the impacts of needs and traits
to determine multitasking behavior across time, we put it all together and simulated
the integrated effects using the estimated coefficients in MATLAB software.

Following a common analytic strategy in dynamic system analysis, four combina-
tions of the cognitive needs (Nc¢) and habitual needs (Nh) are selected to systematically
demonstrate their effects on multitasking: (a) both are zero (baseline); (b) there is
Ng; (c) there is Nh; and (d) there are both needs. In our actual data, Nc ranges from 0
t08.56 (M = 2.09, SD = 1.59) and Nh ranges from 0 to 6.44 (M = 1.07,SD = 1.16).
Thus, within these ranges, two magnitudes of needs are selected: both at 2 (small
needs) and both at their maximum, 8.5 for Nc and 6.5 for Nh (large needs). These
two sets of need inputs to the dynamic behavior system are controlled as a step input,
which is turned on from zero to a fixed magnitude for a certain duration (in our case,
28 days). After each step input, a 12-day zero setting (i.e., both needs are zero) is used
to allow the behavior system to return to its baseline, so we can observe the decay of
the behavior when there are not any exogenous influences. As shown in Figure 1, the
simulated outcomes of the small needs conditions are plotted in the left panels and
those of the large needs conditions in the right panels. At the bottom of the figure,
combinations of need inputs are presented in text, with the corresponding step input
durations highlighted in gray in the figure. The four rows of panels, from the top to
the bottom, represent various neuroticism scores, from very low (Neuroticism score
= 1) to very high (Neuroticism score = 4).

As shown by Figure 1, first, an increase in needs—cognitive, habitual, or
both—-causes an increase in multitasking. Cognitive needs have a greater impact
than habitual needs. Second, increased neuroticism increases multitasking. Third,
and probably most interestingly, the appearance of a new need (i.e., time points 40,
80, and 120) does not instantaneously activate media multitasking behavior, and
the disappearance of a need (i.e., time points 68, 108, and 148) does not imme-
diately deactivate it either. Instead, because multitasking behavior is shaped by its
own past responses, it takes time to react to changes in needs, showing a gradual
increase/decrease to reach equilibrium.

The dynamic models of needs

Model fitting and coefficient estimation

To test Hypotheses 2a and 2b, two competing models were compared for each of
the four categories of needs: (a) the proposed full model as presented in Equation 2
(the L7 model in Table 2); and (b) a simpler nested model without the weekly
feedback term (the L1 model in Table 2). As seen in Table 2, interestingly, a model
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incorporating weekly feedback is the best fit only for cognitive needs; whereas, for
the other three categories of needs, models that incorporate daily (but not weekly)
feedback are preferred.

The effects of system feedback and lagged gratifications on needs

Supporting Hypothesis 2a, each category of needs has a significant feedback effect, and
all the feedback coefficients are positive, which indicates persistence or continuity
of needs across time. The lag 7 feedback effect of cognitive needs suggests a weekly
pattern in this category of needs, which may relate to the fact that our participants are
college students with weekly structured study and work schedules. More interestingly,
the lag 1 feedback coefficients are consistently between 0.30—0.35 across all categories
of needs. This suggests rather stable trajectories of these needs across time: around
one third of the amount from the previous day is carried over to the next day,
which in turn, is further integrated into the day after. Thus, any exogenous influence
on the needs, as integrated by the system’s feedback, can be relatively enduring.
Supporting Hypothesis 2b, for all four categories of needs, lagged gratifications
showed a significant negative or reducing effect on the needs. The coefficients allow
us to quantify the influence of one day’s gratifications on the next day’s needs. Among
the four categories, cognitive gratifications showed the largest effect: increasing daily
cognitive gratifications by 1 unit (on the 1-4 scale) will reduce cognitive needs by
0.74 unit (on the 1-10 scale) on the next day. Social gratifications showed the smallest
effect: a 1 unit increase will reduce social needs by 0.44 unit on the next day.

The dynamics of needs across time

On a larger scale across many days, to illustrate how the system feedback effects of
needs accumulate and moderate the impact of lagged gratifications to change the
needs over time, we simulated their integrated effects based on the coefficients in
Table 2 (see Figure 2). Within the range of the actual data, five inputs of gratifications
are selected: 0 (baseline), 1 (not satisfied), 2 (partially satisfied), 3 (completely satisfied),
and 4 (beyond expectations). Again, the inputs are controlled as a step input. The four
panels, from the top to the bottom, respectively depict emotional, cognitive, social,
and habitual needs.

As shown in Figure 2, across four categories of needs, a clear pattern emerges.
First, an increase in gratifications reduces the needs of the same category. Second, this
reduction in needs does not occur instantaneously upon gratification. This is evident
at the onset of the gratification (i.e., time points 40, 80, 120, and 160): Needs take
a while to subside—in our case, two or three time points—even after gratification.
Third, needs remain low after gratification ceases (i.e., time points 68, 108, 148, and
188) for a few time points before they gradually increase to reach the baseline level.
Importantly, all of these findings illustrate the dynamic, history-dependent nature of
needs as tested by the system feedback terms. Finally, looking at individual needs,
the dynamic trajectory of cognitive needs (the second panel) is more complicated
compared to the other needs because of the additional influence from the lag 7 or
weekly feedback effect.
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The dynamic models of gratifications

Model fitting and coefficient estimation

Two competing models were compared for each category of gratifications: (a) the
proposed full model as presented in Equation 3 (the L7 model in Table 3) and (b) a
simpler nested model without the weekly (i.e., lag 7) feedback term (the L1 model in
Table 3). As shown in Table 3, based on Wald 2, the L1 model is preferred for all
four categories of gratifications.

The effects of system feedback, needs, and media multitasking behavior on gratifications
Heterogeneous patterns across the four categories of gratifications are found for
Research Question 3a. Only for emotional gratifications, there is significant lag 1 or
daily feedback effect, and the positive coefficient (0.06) suggests a small cumulating
effect. The other three categories are not affected by their own feedback, at least on
the daily level. However, as predicted by Hypothesis 3b, consistently across all four
categories, needs significantly determine gratifications. The coefficients range from
0.29 for cognitive gratifications to 0.38 for emotional gratifications (Table 3), which
suggests that on average, a one unit increase in needs (on the 1-10 scale) will increase
gratifications in the same category by 0.29 to 0.38 units (on the 1—4 scale).

As predicted by Hypotheses 3¢ and 3d, media multitasking shows a positive effect
on gratifications and it interacts with needs; but interestingly, this is only found for
emotional and habitual gratifications (Table 3). In our data, participants multitasked
0 to 3.83 hours (M = 0.49, SD = 0.68) during each 5- to 6-hour time period;
emotional needs ranged from 0 to 8.60 (M = 2.53, SD = 1.71) and habitual needs, as
reported earlier, ranged from 0 to 6.44. The model illustration in Figure 3 is consistent
with the actual data. As seen in the figure, emotional gratifications at any time point
for an individual increase as emotional needs increase. Interestingly, when emotional
needs are relatively low, an increase in multitasking boosts the gratifications; however,
when emotional needs become higher (> around 4.2 on the 1-10 scale), the effect
of multitasking on gratification reverses and an increase in multitasking reduces
gratifications. Similar patterns are found for habitual gratification except that only
when habitual needs are very low (< around 1.6), multitasking increases gratifications.

Discussion

This study specified dynamic uses and gratifications in everyday media multitasking
among college students, and tested the reciprocal impacts of media multitasking,
needs, and gratifications. These help explain “the myth of multitasking” (Rosen,
2008, p.105).

Reciprocal, dynamic impacts of needs, media multitasking, and gratifications

As proposed by the classic U&G perspective, media multitasking behavior is driven
by individuals’ needs at the time. More importantly, however, the behavior also
reciprocally changes needs. As predicted by dynamic theories of motivation and
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Figure 3 Emotional (left panel) and habitual (right panel) gratifications as a function of needs
and media multitasking behavior.

choice behavior (Busemeyer et al., 2001; Wang et al., 2011) and our specification of
dynamic U&G models, media multitasking increases gratifications, which in turn,
reduce needs in real time. Interestingly, media multitasking behavior is driven by
cognitive needs which are not gratified by the behavior. This finding is consistent
with the large body of laboratory research on multitasking’s impairment of cognitive
task performance. It is worth noting—and worrisome—to see that the laboratory
evidence extends to the real-life realm.

Then why do people increasingly multitask at high cognitive costs? This study
suggests at least two reasons. First, although cognitive needs are not gratified by
media multitasking, emotional needs are, such as feeling entertained or relaxed. To
add a twist, emotional needs are not actively sought in media multitasking. Thus,
emotional gratifications appear to be a “byproduct” obtained from the behavior.
How does this occur? While our model cannot provide information about specific
activities, it suggests that if participants were, for example, studying for a test
while watching TV, their multitasking might lead them to feel satisfied not because
they were effective at studying, but rather because the addition of TV made the
studying entertaining. In the long run, it is likely that this emotional gratification
associated with multitasking serves as an implicit yet powerful drive, similar to
the formation of implicit attitudes through classical conditioning (Olson & Fazio,
2001), to engage the students in media multitasking again and again. In this sense,
the “myth” of multitasking actually is partially caused by the “misperception” of
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the efficiency of multitasking and by positive feelings associated with the behavior,
which is emotionally satisfying but cognitively unproductive. Meanwhile, it is
interesting to note that emotional gratification itself is a function of emotional needs
and multitasking (Figure 3). Multitasking increases emotional gratification when
emotional needs are low, but it decreases emotional gratification if the needs are high.

Second, habits play an important role in media multitasking behavior, and multi-
tasking can be self-reinforcing. Our findings show that habitual needs increase media
multitasking and also are gratified by multitasking. More importantly, our dynamic
analysis found a significant feedback effect of the media multitasking behavior.
This feedback effect integrates past media multitasking experience into the current
situation, and accumulates all the exogenous influences from needs and gratifica-
tions to reinforce the behavior. In addition, needs and gratifications themselves are
self-generating and self-reinforcing as indicated by their own significant feedback
terms. Thus, the habitual continuation of media multitasking behavior is further
strengthened, in a more complicated way, by self-reinforcing needs and gratifications.

Personality traits and media multitasking

Prior research highlights two personality traits that may impact multitasking:
extraversion and neuroticism. Our study did not find evidence for extraversion.
It is possible that extraversion only impacts multitasking in certain situations, such
as when the cognitive load on participants is very high (e.g., Oswald et al., 2007).
Extraversion is associated with successful multitasking because of greater working
memory capacity (Lieberman & Rosenthal, 2001). Hence, it may lead to greater
success in demanding situations, but may be less relevant for self-selected media
multitasking behavior, which generally does not require the full capacity of working
memory.

Our study found that students with higher neuroticism are more likely to engage
in media multitasking. This may appear to contrast with findings by Oswald et al.
(2007). They found that in a visual-auditory multitasking, neuroticism was negatively
correlated with performance. However, it is possible that the tendency to experience
anxiety as a feature of neuroticism may decrease abilities for demanding tasks,
such as the task used by Oswald et al., but not self-selective daily media tasks. This
explanation seems plausible considering previous findings that individuals’ sensation
seeking tendency is positively correlated with everyday media multitasking (Jeong
& Fishbein, 2007), and the disinhibition dimension of sensation seeking is positive
correlated with neuroticism (Zuckerman, 1993). Future research can further explore
the mechanism of disinhibition and neuroticism in media multitasking choices.

Limitations and implications

Several limitations of the study should be noted. First, in specifying a general model
of media multitasking, we necessarily omitted distinctions between specific activities,
and between the copious different possible combinations of activities. However,
depending on task features and media features, the dynamics of media uses and
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gratifications are likely to vary. Second, we only examined four general, overarching
categories of needs and gratifications. For each of them, more specific categories, such
as different types of emotional needs, may play different roles in media multitasking.
Future studies—with a larger data sample—can identify meaningful distinctions
within these areas. Third, our experience sampling method relies on self-report
measures. Future research can couple experience sampling with behavioral measures,
such as cognitive task performance, to test reported versus actual multitasking
efficiency.

In addition, future research can investigate long-term effects of chronic media
multitasking on a representative sample of participants. Our study found evidence
of the persistence of multitasking behavior and of the intricate dynamic reciprocal
impact between this behavior and individuals’ needs and gratifications. Like a loco-
motive picking up steam, these self-reinforcing processes, together with moderating
individual traits, might lead to significant long-term effects on individuals. For
example, research has suggested that chronic media multitasking can impair cogni-
tive functions (Ophir et al., 2009). Considering the expansion of our information
environment through media technologies in the past decades, it is critical to carefully
examine the long-term mutual influences of media multitasking, cognitive functions,
and personal traits from a dynamic, developmental perspective.
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Le « mythe » du multitache médiatique : la dynamique réciproque du multitache

médiatique, des besoins personnels et des gratifications

Zheng Wang & John M. Tchernev

La popularité croissante du multitiche médiatique est fréquemment rapportée dans les
enquétes nationales, tandis que la recherche en laboratoire confirme systématiquement
que le multitche perturbe I’exécution des taches. Cette étude explore cette contradiction
apparente. A partir d’une analyse dynamique d’un panel de données en série
chronologique recueillies aupres d’étudiants universitaires au cours de quatre semaines,
cette étude examine les effets dynamiques réciproques du multitdiche médiatique, des
besoins (émotionnels, cognitifs, sociaux et habituels) et des gratifications
correspondantes. En accord avec la recherche en laboratoire, les besoins cognitifs ne sont
pas comblés par le multitiche médiatique, méme s’ils poussent initialement au multitache
médiatique. Plutdt, les gratifications émotionnelles sont atteintes méme sans étre
activement recherchées. Ces résultats aident a expliquer pourquoi les gens font de plus en
plus de multitdche au détriment des besoins cognitifs. De facon importante, cette étude
offre des preuves de la persistence dynamique du comportement de multitache

médiatique.

Mots clés : multitache, usages et gratifications, modéles dynamiques par panels,

renforcement dynamique, névrosisme, échantillonnage d’expériences



Der ,Mythos” des Medien-Multitasking: Reziproke Dynamiken von Medien-Multitasking,
personlichen Bedurfnissen und Gratifikationen

Die zunehmende Popularitat von Medien-Multitasking wird haufig durch nationale Umfragen
aufgedeckt, wahrend in Laboruntersuchungen einhellig festgestellt wird, dass Multitasking
das Aufgabenlésen eher behindert. Diese Studie untersucht diesen offensichtlichen
Widerspruch. Auf Basis einer dynamischen Panelanalyse von Zeitreihendaten, die Gber den
Zeitraum von 4 Wochen von Studierenden erhoben wurde, untersuchen wir in dieser Studie
die dynamisch reziproken Einflisse von Medien-Multitasking, Bedtrfnissen (emotional,
kognitiv, sozial und habituell) und darauf bezogenen Gratifikationen. Im Einklang mit den
Laborbefunden werden kognitive Bedirfnisse durch Medien-Multitasking nicht befriedigt,
auch wenn sie sogar der Grund fur das Medien-Multitasking waren. Stattdessen ergeben
sich emotionale Gratifikationen, obwohl diese nicht aktiv gesucht wurden. Diese Befunde
helfen dabei zu erklaren, warum Menschen in zunehmenden MalRe Multitasking betreiben,
obwohl es zu Ungunsten ihrer kognitiven Bedurfnisse geht. Wichtig ist auch, dass diese
Studie Befunde fiir das dynamische Fortdauern des Medien-Multitasking-Verhaltens liefert.

Schlisselbegriffe: Multitasking, Uses and Gratifications, dynamische Panel-Modelle,
dynamische Verstarkung, Neurotizismus, Experience Sampling Methode (Erlebens-
Stichproben)



El “Mito” de la Multitarea de los Medios:
Las Dinamica Reciprocas de la Multitarea de los Medios, las Necesidades Personales, y
las Gratificaciones

Resumen

El incremento de la popularidad de la multitarea de los medios es frecuentemente
reportado en las encuestas nacionales mientras que la investigacion de laboratorio
confirma en forma consistente que la multitarea perjudica el rendimiento de la tarea. Este
estudio explora esta contradiccion aparente. Usando un analisis dindmico de panel de una
serie temporal de datos colectados de estudiantes universitarios a traves de 4 semanas,
este estudio examina el impacto dindmico reciproco de la multitarea de los medios, las
necesidades (emocionales, cognitivas, sociales, y habituales), y sus gratificaciones
correspondientes. Consistente con la investigacion de laboratorio, las necesidades
cognitivas no son satisfechas por la multitarea de los medios aun cuando ellos conducen
a la multitarea de los medios en primer lugar. En cambio, las gratificaciones emocionales
son obtenidas a pesar de que no son buscadas en forma activa. Esto ayuda a explicar por
que la gente incrementa la multitarea al costo de las necesidades cognitivas. En gran
media, este estudio provee evidencia de la persistencia dinamica del comportamiento
multitarea de los medios.

Palabras Claves: Multitarea, Usos y gratificaciones, Modelos de panel dindmicos,
Refuerzo dindmico, Neurotismo, Experiencia de muestreo



