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When individuals eat while distracted, they may compensate by consuming more afterwards.
Here, we examined the effect of eating while driving, and explored potential underlying mecha-
nisms. Participants (N�=�116, 73.3% female) were randomly allocated to complete a driving
simulation (distraction condition) or to watch someone else drive (control condition) while
consuming 10g (50.8 kcal) of potato chips. Afterwards, participants rated the taste intensity and
hedonic experience, reported stress levels, and were then given the opportunity to eat more
chips. As hypothesized, participants consumed more chips after the driving simulation. Stress
levels were higher in the driving compared to control condition, but were inversely related to
consumption amount, ruling out stress as explanatory mechanism. Saltiness ratings differed
between the driving and passive viewing condition, only when controlling for stress. The current
findings converge with earlier work showing that distracted eating can drive overconsumption,
which in turn can lead to long-term health implications. Limitations, implications, and potential
directions are discussed.

Keywords distracted eating, distraction, food intake, taste perception, consumption

When eating or drinking, people are fre-
quently exposed to situational stimuli

likely to distract them from the sensory expe-
rience of consumption. Pre-packaged foods
and drinks are increasingly popular and are
often consumed while people engage in other
activities such as listening to music, using their
mobile devices, or commuting. Especially when
consumption takes place under cognitively tax-
ing conditions, such as while driving, behind
a computer, or while looking at one’s smart-
phone, this practice is likely to increase the
amount consumed. For example, children and
adults that watch television during their meals
have been found to consume more food dur-
ing (Blass et al., 2006; Crespo et al., 2001;
Dubois et al., 2008), and following (Higgs &
Woodward, 2009) the consumption occasion.
Likewise, eating while driving, and while lis-
tening to loud music, has been found to be
less effective in reducing people’s desire to eat
(Ogden et al., 2016), and to promote overcon-

sumption (Spence & Shankar, 2010; Stafford
& Dodd, 2013; Stroebele & de Castro, 2006).
Finally, a meta-analysis examining the effect of
distraction during consumption on the amount
of food consumed revealed a positive asso-
ciation between these factors (however, one
study included in this analysis may have biased
the overall effect size Robinson et al., 2013).
Several mechanisms have been proposed to

explain why distracted eating promotes over-
consumption, such as reduced awareness of
the amount consumed and reduced memory
of food intake (Robinson et al., 2013; Oldham-
Cooper et al., 2011) and compensatory re-
sponses to stress (Reichenberger et al., 2018;
Torres & Nowson, 2007). There is also grow-
ing evidence to suggest that the positive link
between distraction and consumption amount
may be explained by reduced taste percep-
tion. For instance, a number of experiments
have demonstrated that distraction reduces
the taste or odor intensity of sweet, sour, and
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Take-home Message

In this study, people consumed more potato chips after

eating chips while completing a driving simulation than in

a control condition. We had hypothesized that this was

due to lowered perceived taste intensity of the potato chips

eaten while distracted, but this was only the case when we

controlled for stress. Differences in perceived stress did not

explain the differences in subsequent consumption amount

between the conditions.

bitter solutions, and salty snacks (Hoffmann-
Hensel et al., 2017; Liang et al., 2018; van
der Wal & van Dillen, 2013), and even pro-
motes increased consumption (Morris et al.,
2020; van der Wal & van Dillen, 2013). Par-
ticipants who were distracted by a working
memory task while preparing lemonade at
their preferred concentration opted for greater
amounts of syrup and consumed more salty
buttered crackers than participants who expe-
rienced minimal distraction (van der Wal & van
Dillen, 2013). Additionally, compared to mildly
distracted participants, highly distracted par-
ticipants exhibited reduced neural taste pro-
cessing during tasting, while they consumed
more during a subsequent ad libitum food test
(Duif et al., 2020). More generally, several re-
cent studies have pointed to the importance
of sensory perception, in particular taste in-
tensity, for expectations of fullness and later
portion selection (as reviewed in Forde, 2018).
Furthermore, salt intensity predicted ad libi-
tum intake, even when the foods were equally
liked (Bolhuis et al., 2012). However, to our
knowledge, no studies have examined both the
effect of distraction on perceived taste inten-
sity and palatability of the food consumed and
how this influences later consumption. Fur-
thermore, previous studies on distracted tast-
ing have used distractions that were either not
very ecologically valid (e.g. working memory
task van der Wal & van Dillen, 2013; Duif et al.,
2020; Liang et al., 2018) or not very cognitively
demanding (e.g. listening to music, Stroebele
& de Castro, 2006). Accordingly, the aim of the
present study is to investigate the proposed
effect using a more ecologically valid distractor

– to examine whether eating while driving pro-
motes increased consumption, and whether
this effect is explained by reduced taste inten-
sity.
Increased stress levels may provide an alter-

native explanation for the effect of distracted
consumption on increased consumption. That
is, it is plausible that driving may imbue stress
(Antoun et al., 2017). For example, partici-
pants completing a driving simulation were
more stressed when driving themselves than
when the simulation was of a self-driving car,
evidenced by a higher skin potential response
and heart rate (Zontone et al., 2020). Ele-
vated stress levels have been linked to both
increased and reduced food intake (Reichen-
berger et al., 2018; Torres & Nowson, 2007).
For instance, ego threat leads to increased
snack intake in one study (Wallis & Hethering-
ton, 2004) but lower snack intake in another
(Wallis & Hetherington, 2009), depending on
the type of snacks offered and restrained and
emotional eating style. Another factor thatmay
influence whether stress has a positive or neg-
ative effect on food intake may be the severity
of the stress (Torres & Nowson, 2007). Thus,
we additionally examined the potential role of
stress in compensatory consumption following
distracted eating (snacking while driving).
Societal and technological developments

have increased the frequency in which foods
(particularly high-calorie snacks Hirschberg et
al., 2016) are consumed while driving (Food-
Shopper Monitor, 2018; Stutts et al., 2005),
thus making this an ideal and realistic scenario
in which to test this effect. Furthermore, al-
though multiple studies have found that eat-
ing while driving negatively influences driving
performance (Dingus et al., 2016; Irwin et al.,
2014; Young et al., 2008), the reverse question
of whether driving influences eating has so far
not been addressed.
The driving context was chosen to be de-

manding so as to require attention (rather than
just routine), and to be representative of every-
day demanding driving contexts (e.g., driving
on an unfamiliar road, or city traffic during rush
hour). We expected that driving would thus
induce stress, and mental load. As a result
of this higher demand, we hypothesized that
driving, relative to control (passive viewing), de-
creases the perceived taste intensity of salty
potato chips. At the same time we expected
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that it would lead to greater chip consump-
tion afterwards. As noted, we were less cer-
tain about the role of stress in this mechanism,
as previous research has observed both in-
creased and decreased consumption following
stress. Therefore, we examined the possibility
of both a positive and a negative relationship
between stress and subsequent consumption.
Furthermore, we also explored the effects of
distraction on the hedonic aspects of taste. We
hypothesized that distraction decreases per-
ceived taste intensity but may not affect hedo-
nic ratings, as the hedonic value of consump-
tion varies greatly between individuals but is
stable within individuals and as this has not
been consistently linked with actual consump-
tion (DiFeliceantonio et al., 2018; McCrickerd
& Forde, 2015; Tang et al., 2014). Therefore,
we did not think it likely that the hypothesized
effect of distraction on consumption could be
explained by changes in hedonic ratings. More-
over, we explored whether participants’ driv-
ing experience was a potential moderator of
our proposed effects of distraction on taste
perception and consumption since this may af-
fect how demanding and stressful the driving
manipulation was for each participant. Finally,
since some previous studies have found that
the effects of distraction on consumption vary
with individual differences in restrained eating
(Boon et al., 2002; Ogden et al., 2016), this was
included as a control variable.

Methods

Participants and Design

One hundred nineteen English speaking Lei-
den University students in possession of a
driver’s license (car) participated in exchange
for course credit or money (€3.50) and were
randomly assigned to a simulated driving or
control condition. Smoking or having allergies
were exclusion criteria. Participants were re-
quested not to eat and to only drink water
two hours prior to the start of the study. Of
the sample, three cases were excluded be-
cause they fell outside the proposed age range
of 18-30 years (ages 45 and 60 years, > 3
SDs from the mean; for one participant age
was not known). An additional three partici-
pants initiated but did not complete the study

and were therefore also excluded from fur-
ther analyses. Repeating the analyses includ-
ing these participants did not change the re-
sults. The remaining sample for analyses thus
consisted of 116 participants (30 men, mean
age 22.30 years, SD = 4.98 years) evenly dis-
tributed over the two conditions (n = 58 each).
The two groups did not differ on the number of
men and women, age, nationality, or total Re-
strained Eating Score (see Supplemental Table
4).
The main dependent variables were taste

intensity of the potato chips and the amount
of calories consumed. In addition, stress lev-
els and hedonic ratings were considered. In-
dividual differences in driving experience and
restrained eating were examined as potential
moderators. The research questions and pro-
cedure were approved by the ethical commit-
tee of the Leiden University Psychology Insti-
tute (CEP19-0301/146). All procedures per-
formed were in accordance with the 1964
Helsinki Declaration and its later amendments
or comparable ethical standards. Informed
consent was obtained from all individual par-
ticipants involved in the study. The overall de-
sign, research question and hypotheses were
specified in the ethics proposal prior to the
start of data collection. The ethics proposal,
raw data and analysis script can be obtained
from: osf.io/twg9r/.

Procedure

Before engaging in the experiment, partici-
pants were seated behind a desk with a lap-
top on which a short introductory text was
displayed that informed them that the study
was about multitasking while driving. After pro-
viding informed consent, participants next re-
ported their driving experience. Following this,
they were randomly assigned to the driving
or control condition (see Driving simulation for
details), and asked to sit in the driver’s seat
of the simulator where they were provided in-
structions for the driving simulation. Partici-
pants were then provided with a bowl of potato
chips (10 grams, 50.8 kcal) and instructed to
consume them all during the driving simula-
tion. The chips used were Lays Classic salted
potato chips. All participants consumed the
entire 10 grams/50.8 kcal. Participants then
completed the driving simulation. Following
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Figure 1 The set-up of the driving simulator used in both the
experimental driving and passive viewing control conditions. It con-
sisted of a chair, steering wheel, pedals and a 23-inch flat screen. A
PlayStation 3 and the game Gran Turismo (Yamauchi, 2013) were
used to simulate the actual driving experience. Participants drove
(or viewed a recorded video of) three laps on the Twin Motegi
Course.

the driving simulation, participants returned to
the desk to report their ratings, stress levels,
age, sex, and ethnicity on the laptop. Partici-
pants were then instructed to wait in the room
while the experimenter collected debriefing
forms from the adjacent room (wait time held
constant at three minutes), and that if they
wanted, they could eat the rest of the potato
chips (the remaining 15 g (76.2 kcal) from the
25 g party bag, in a bowl on the same desk).
The Netherlands Nutrition Centre states 30
g as the average portion size of chips in the
Netherlands (Voedingscentrum, n.d.). Partici-
pants were told that these potato chips were
left over from the party bag and that they were
free to consume them all. Finally, all partici-
pants were debriefed, thanked, and compen-
sated for their participation.

Materials

Driving Simulation

To create a realistic and demanding driving
context, a set-up was built that consisted of
a chair, steering wheel, pedals, and a 23-inch
flat screen (see Fig.1). A PlayStation 3 and the
game Gran Turismo (Yamauchi, 2013) were
used to simulate a realistic driving experience.
Participants were seated in the driving chair
and it was explained how they could speed up,
break and steer. Participants were asked to
drive three laps on the Twin RingMotegi course
that consisted of two straight sections, a large
bend and 2 sharp bends. Participants were
told they should drive as well as they could.
Driving the three laps took threeminutes on av-
erage. If a participant took longer than 10 min-
utes to complete the laps the simulation was
stopped, however, none of the participants
took longer than 10 minutes to drive the three
laps. To create a comparable situation in the
control condition, the same driving simulator
was used. The participants in the control group
acted as co-driver/passenger and did not actu-
ally drive themselves. Instead, a three-minute
recorded video was played, showing the exact
same three laps of the Twin RingMotegi course
that the participants drove in the experimental
driving condition.

Driving Experience

Three questions addressed participants’ driv-
ing experience: ‘How many years do you have
your driver’s license?’, ‘How often do you drive
on average per week?’ and ‘How many kilo-
meters did you cover on average in the last
year?’. The three items were answered on five-
point Likert scales. These included respectively,
driving years ranging from 1 (up to 1 year), in-
creasing with each scale point with 1 year to a
maximum of 5 (over 7 years); driving frequency
ranging from 1 (once a week) increasing with
each scale point with one time per week to a
maximum of 5 (7 times per week); and driving
distance ranging from 1 (1,000km per year) in-
creasing with each scale point with 1,000km
per year to a maximum of 5 (7,000 km per
year).
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Taste Intensity

Participants rated the potato chips on three
items relating to taste intensity, namely ‘salti-
ness’, ‘sourness’, and ‘sweetness’, on seven-
point Likert scales ranging from 1 (not at all)
to 7 (very). Sweetness and sourness ratings
were included as catch trials, to establish that
participants were notmerely guessing when as-
sessing the potato chips’ flavor. Furthermore,
the sweetness and sourness ratings serve as
a baseline measure since we do not expect
them to differ between conditions.

Hedonic Rating

Participants next rated the potato chips on
three more items relating to hedonic experi-
ence, namely ‘quality’, ‘tastiness’, and ‘crunch-
iness’, on the same seven-point Likert scales
ranging from 1 (not at all) to 7 (very).

Stress levels

Participants were asked five questions pertain-
ing to their experiences of stress during the
simulation: ‘How relaxed were you during the
driving simulation?’ (reversed), ‘How much did
you have the feeling that you were in control
during the driving simulation?’ (reversed), ‘How
rushed did you feel during the driving simula-
tion?’, ‘How nervous were you during the driv-
ing simulation?’, and ‘How well did you perform
during the driving simulation?’ (reversed). All
questions were answered on a six-point Likert
scale ranging from 1 (not at all) to 6 (very).

Calories Consumed

The number of calories consumed was deter-
mined by weighing the bowl with the remaining
chips once the participant had left and sub-
tracting this from its initial weight. The weight
in gram was then multiplied by the amount of
kcal/g (5.08).

Data Preparation

All data preparation steps and statistical analy-
ses were performed in R (R Core Team, 2019)
and can be retrieved from the OSF page:
osf.io/twg9r/. Distribution of the variables was
examined by visual inspection, Shapiro-Wilks

test and Levene’s test. Since some of the vari-
ables were skewed, robust regression using
the rlm function of the R package MASS was
used throughout for consistency.
Robust regression was used to examine the

differences between conditions unless other-
wise specified (see Results). For each depen-
dent variable (taste intensity, hedonic rating
and number of calories consumed) we first esti-
mated a full factorial model that included main
effects and interaction of the experimental fac-
tor (Driving, Control) and Driving Experience. If
the interaction term was not statistically signif-
icant, subsequently models with only the main
effects of the experimental factor and Driving
Experiencewere estimated. Afterwards, we cal-
culated the Bayes Information Criterion (BIC)
in order to see which model performed best.
Reliability analysis revealed saltiness was

poorly associated with sourness and sweet-
ness (Cronbach’s α = 0.31), as expected, and so
these ratings were therefore examined sepa-
rately. The items assessing hedonic rating and
stress showed adequate reliability (Cronbach’s
alphas of respectively .69 and .79) and were
therefore averaged into two overall scores.
The three items that assessed driving expe-
rience were only moderately associated (Cron-
bach’s α = 0.54), but driving distance correlated
significantly with both frequency (r = 0.48) and
years of license (r = 0.34), with the latter two be-
ing uncorrelated (r = 0.06). Even though each
item thus seemed to tap into a somewhat dif-
ferent aspect of driving experience, they were
nevertheless averaged to form a broad index
of driving experience.
Subsequent t-test analyses confirmed that

driving experience in years, frequency and dis-
tance did not vary across conditions (ts < 1.42,
ps > 0.153, so that these could be incorpo-
rated as moderator variables into the regres-
sion models for taste ratings and consump-
tion. Table 1 depicts the raw means and stan-
dard deviations of the three Driving Experience
items (years, frequency and distance) as a func-
tion of condition. Since driving experience was
highly skewed towards the lower end (see Fig-
ure 3a in the Supplement section), quartile
scores were used in the analyses.
Control analyses showed thatmen hadmore

driving experience (M = 2.10, SD = 0.71) than
women (M = 1.71, SD = 0.76; F (1,114) = 6.30,
p = 0.01). Moreover, men consumed more
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Table 1 Means and standard deviations of driving experience (in
years, distance and frequency) as a function of condition (driving;
control).

Condition Driving
Years1

Driving
Distance

Driving
Frequency

Driving 2.13 (1.23) 1.90 (1.28) 1.45 (.81)

Control 2.39 (1.17) 1.63 (1.02) 1.53 (.86)

1 The driving experience items were answered on five-point Likert scales

ranging from respectively 1 (up to 1 year/once a week /1000km per

year) to 5 (over 7 years/ 7 times per week /7000 km per year).

calories than women irrespective of the exper-
imental condition (men: M = 100.0 kcal, SD =
27.9; women: M = 71.7 kcal, SD = 25.0; b = -9.09,
SE = 2.04, t(111) = -4.45, p > .001). Therefore,
we corrected for gender in all our analyses.

Results

Effects of Driving on Calories consumed

Table 2 and Figure 2 depict the mean and
standard deviation/error for potato chips con-
sumed in kcal during the driving manipulation
and the follow-up free consumption test as a
function of condition (Driving; Control).
Inspection of the histograms revealed that

the number of calories consumed was not
normally distributed, but had a bimodal dis-
tribution with many observations at the scale
extremes (50.8, 127.0; see supplemental Fig.
S6.b for histograms per condition). More
specifically, during the free consumption pe-
riod 52% of participants consumed no chips
and 20% of participants consumed all of the
chips. Given howmany participants consumed
the maximum amount of chips available, it
is likely that the mean consumption amount
would have been higher if it had not been re-
stricted (i.e., censoring effect is likely). There-
fore, we applied Tobit regression analyses1 (i.e.,
censored regression models Tobin, 1958), us-
ing the R package censReg (Henningsen, 2010).
This Tobit regression analysis with calories

consumed as dependent variable and main

1We also analyzed the number of calories consumed us-
ing robust regression models. These yielded comparable
results, see: osf.io/twg9r/.

effects and interaction of the experimental fac-
tor (Driving, Control) and Driving Experience
showed no significant interaction term, so a
model with only main effects was estimated.
There was a significant main effect of the driv-
ing manipulation, b = -19.43, p = 0.026. As
hypothesized, participants consumed more
potato chips when driving (M = 84.3 kcal, SE
= 4.11), compared to passively watching the
same route (M = 72.9 kcal, SE = 3.24). Driving
Experience did not have a main effect. The BIC
for the model with only main effects was lower
than the model with the interaction term (BIC
3.15).

Effects of Driving on Taste Intensity

Table 2 and Figure 2 depict themeans and stan-
dard deviations for all taste intensity ratings as
a function of condition (Driving; Control).
Robust regression analyses incorporating

main effects and interaction of the experimen-
tal factor (Driving, Control) and Driving Experi-
ence were conducted to examine the effects
on saltiness ratings. The BIC for themodel with
only main effects was lower than the model
with the interaction term (BIC 2.67). Contrary
to our first hypothesis, we did not observe a
significant main effect of condition, b = 0.42,
SE = .23, t(111) = 1.84, p = 0.067. As predicted,
participants rated the potato chips as less salty
when they were driving themselves (M = 4.43,
SE = 0.16), than when they were attending a
recording of the same route being driven by
someone else (M = 4.74, SE = 0.15), but this
difference did not reach the threshold for sig-
nificance. Control analyses confirmed that the
driving manipulation likewise did not signifi-
cantly impact participants’ sourness and sweet-
ness ratings (ts < 0.3, ps > .54) with very similar
intensity ratings across conditions (see Fig.2).
The potato chips were generally perceived to
be minimally sweet (M = 2.01, SD = 1.15) and
sour (M = 1.72, SD = 0.96). Taken together,
even though the intensity ratings showed the
expected pattern, we found no robust proof
that driving interfered with participants’ pro-
cessing of the saltiness of the chips.
There was no main effect or interaction ef-

fect of Driving Experience.
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Table 2 Means and standard deviations of the various taste ratings (1 - not at all to 7 - very) and amount consumed in
kcal as a function of condition (driving; control).

Condition Salty Sweet Sour Quality Tasty Crunchy Total Calories
Consumed

Driving 4.43 (1.19) 2.00 (1.27)
1.79 (1.04)

1.79 (1.04) 4.85 (1.14) 5.17 (1.35) 5.12 (1.20) 84.3 (31.1)

Control 4.74 (1.15) 2.05 (1.03) 1.69 (0.90) 4.67 (1.37) 4.98 (1.40) 5.22 (1.13) 72.9 (24.7)

Figure 2 Mean of taste intensity ratings, hedonic ratings and
total calories of chips consumed per condition. “Hedonic rating”
here reflects the mean of the “quality”, “crunchy” and “tasty” ratings.
Total amount of calories includes the standard amount of 50.8
kcal of chips eaten during the manipulation, as indicated by the
horizontal black line. Error bars reflect standard error.

Explorations of Hedonic Rating and Driving-
induced Stress as Alternative Explanation

We also explored whether driving altered he-
donic aspects of the consumption experience.
A robust regression model with hedonic rating
as dependent variable and main effects and
interaction of the experimental factor (Driving,
Control) and Driving Experience was estimated.
Table 2 depicts the means and standard devia-
tions for the three hedonic ratings as a function

of condition (Driving; Control). These showed
that participants rated hedonic aspects no dif-
ferent in the driving condition (M = 5.08, SE =
0.41) than the control condition (M = 4.95, SE =
0.42, b = -0.18, p = 0.782). When the itemswere
analyzed separately, this did not yield any sig-
nificant differences either (ps>0.356). Finally,
driving experience did not significantly impact
hedonic rating (p=0.344) nor was there a signif-
icant interaction between Driving Experience
and condition on hedonic rating (p = 0.125).
We next examined whether the effects of

driving on perception and consumption re-
sulted from driving-induced stress as opposed
to distraction. Table 3 depicts the means and
standard deviations for the five stress ratings
as a function of condition (Driving; Control).
These revealed that all five items were affected
by the driving manipulation; participants were
significantly less relaxed, and felt significantly
more in control, rushed, nervous, and per-
forming well while driving than while in the
passive viewing condition, ts>2.93, ps<0.020.
This confirms that driving compared to pas-
sive viewing heightened participants’ stress lev-
els. There was no interaction between Driving
Experience and the driving manipulation on
perceived stress levels (p = 0.17).
To test whether the effect of condition on

the amount of food consumed could be ex-
plained by the difference in experienced stress,
a Tobit regression analysis was performed with
calories consumed as the dependent variable
and the main effects and interactions of the
experimental factor (Driving, Control), stress,
and Driving Experience. Since the full facto-
rial did not show a significant effect of the in-
teraction term with Driving Experience, sub-
sequently a model was estimated with calo-
ries consumed as the dependent variable and
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Table 3 Means and standard deviations (between brackets) of the various stress ratings (1- not at all to 7 – very) as a
function of condition (driving; control).

Condition Relaxed In control Rushed Nervous Performed well

Driving 3.28 (1.32) 3.20 (1.30) 3.82 (1.24) 3.17 (1.45) 3.95 (.95)

Control 4.44 (1.34) 1.56 (.88) 2.88 (1.35) 2.56 (1.41) 2.63 (1.07)

the main effects and interactions of the experi-
mental factor (Driving, Control) and stress and
only a main effect for Driving Experience (BIC
9.43). The analysis showed a main effect for
both conditions, b = -25.82, SE = 32.14, t =-
2.60, p = 0.009, and stress, b = -15.83, SE =
7.60, t = -2.08, p = 0.037. Interestingly, the ef-
fect of stress on consumption was negative,
which means that participants who felt more
stressed ate less. This suggests that increases
in stress did not explain increased consump-
tion following driving. Additionally, there was a
significant interaction effect of driving manip-
ulation and stress on calories consumed: b =
18.22, SE = 9.29, t = 1.96, p = 0.038. Although
therewas no significantmain effect of stress on
consumption when the analyses were done in
the respective conditions, a Fischer r to z com-
parison confirmed that the slopes of the effect
of stress on calories consumed in the driving
and control condition were different, Z = 2.00,
p = 0.05. In the driving condition stress had a
stronger negative effect on calories consumed
(r = -0.37) compared to the control condition (r
= -0.12). There was no significant main effect
of stress on consumption when the analyses
were done in the respective conditions. When
added as covariate to the overall regression
model, stress did not explain the main effect
of driving on calories consumed.
In conclusion, stress had a negative effect on

consumption. So, even though participants felt
more stressed in the driving condition, stress
did not account for the difference in calories
consumed between the driving and control
condition.
There was no effect of stress on saltiness

ratings or any interactions between stress and
condition or driving experience on saltiness
ratings (all ps >0.35). However, when stress
was entered into the model, the effect of con-

dition on saltiness ratings became significant
(b = 0.54, SE = 0.26, t(111) = 2.035, p = 0.0454).2

In order to examine the relationships be-
tween all factors of interest and to take into
account that driving experience and stress are
assessed by multiple items, we used struc-
tural equationmodeling (SEM) to estimate path
models using the lavaan package in R (Rosseel,
2012). Figure 6 in the supplementary section
depicts the model that was tested. Calories
consumed was the dependent variable, driving
condition was included as a predictor and taste
perception (saltiness ratings) and stress were
assessed as possible mediators between driv-
ing condition and calories consumed. Stress
and driving experience were modeled as latent
variables. Furthermore, gender was added to
the model as a control variable. Since lavaan
does not support interactions with latent vari-
ables, no interactions were modeled. Model
fit indices show a poor fit for the model (CFI =
0.69; SRMR = 0.12; RMSEA = 0.14 (90% CI: 0.12
to 0.17). The model showed a significant effect
of driving condition on calories consumed (b
= 13.62, SE = 6.14, p = 0.027) but did not indi-
cate stress or saltiness ratings as a mediator of
this effect via a direct or indirect path (Figure
6; analysis script on OSF).

General Discussion

In this study we aimed to build on previous
studies that found that distraction increased

2Restrained Eating as measured by the Restrained Eating
Scale (Polivy et al., 1978) was examined as a potential
moderator as well. There was no difference in Restrained
Eating between the driving (M=13.0; SD=5.82) and control
condition (M = 11.9; SD = 4.76). Restrained Eating did not
interact with any of the variables of interest. Adding total
Restrained Eating score as a covariate did not change the
overall pattern of results, see: osf.io/twg9r/.
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consumption by examining possible explana-
tions of the effect in a practically relevant
setting. To do so, in a simulated driving
experiment, we examined whether snacking
while driving would result in greater consump-
tion afterwards. We furthermore investigated
whether this effect could be explained by re-
duced taste intensity while driving or by driving-
induced stress.
In support of our predictions, participants

who engaged in the driving simulation while
consuming potato chips, consumed more
potato chips during a follow-up free consump-
tion test than participants whomerely watched
a recording. There were some indications that
the driving simulation lowered the saltiness rat-
ings of the chips. Other sensory ratings and
hedonic ratings were unaffected by driving.
Many different (complementary) explana-

tions have been proposed for the mechanism
which makes people consume more after or
during distracted consumption, including re-
duced memory for food intake or health goals,
disrupted influence of satiation, and dishabitu-
ation (Forde, 2018; Robinson et al., 2013). In
the current study, we found some indications
that lowered taste perception may be an inter-
esting component to consider when studying
the mechanism behind overconsumption after
distracted eating.
Our finding that distraction may reduce per-

ceptions of saltiness supports previous litera-
ture demonstrating this effect (van der Wal &
van Dillen, 2013; Liang et al., 2018; Duif et al.,
2020). As taste intensity has been found to
correlate negatively with food intake (Forde

Original Purpose

In this study, we aimed to examine the effect of eating while

driving, and potential underlying mechanisms. We hypoth-

esized that eating while driving would reduce taste percep-

tion, whichwould in turn cause participants to overconsume

afterwards to compensate. Based on previous research,

we expected that taste perception, but not hedonic prefer-

ence, would be diminished during distracted consumption.

We furthermore wanted to examine the effect of stress ex-

perienced during the driving simulation as an alternative

explanation.

et al., 2013), lowered experienced taste in-
tensity during distracted eating may lead to
increased food consumption. Furthermore,
when distracted, taste information may not be
processed in a way that leads to satisfaction
or satiation. For example, consuming a high
calorie drink under high perceptual load led to
lower satiety than when the same drink was
consumed under low perceptual load (Morris
et al., 2020). Future studies could examine
the effect of distracted consumption on satia-
tion/satiety and how this relates to taste per-
ception and other outcomes.
Perceived stress was examined as an alter-

native explanation of the effect of distracted
consumption on subsequent consumption.
Whereas participants reported more stress af-
ter driving than after watching someone else
drive, self-reported stress yielded an opposite
effect on consumption, with participants con-
suming fewer rather than more potato chips.
The phenomenon that acute stress can reduce
food intake has been attributed to physiologic
changes that occur after acute stress and that
might be expected to temporarily reduce food
intake, e.g., slowed gastric emptying and shift-
ing of blood from the gastrointestinal tract to
muscles (Torres & Nowson, 2007).
Several previous studies have found an ef-

fect of restrained eating on the relationship
between stress and consumption (Wallis & Het-
herington, 2004; Wallis & Hetherington, 2009).
However, we did not find an effect of restrained
eating on consumption or any interaction be-
tween restrained eating, stress or driving ma-
nipulation. This could possibly be explained
by the fact that restrained eating scores in our
sample were low.
In conclusion, higher perceived stress was

associated with lower consumption of potato
chips. Therefore, the finding that the driving
manipulation increased intake could be not
accounted for by the driving induced stress.
A strength of the current study is the use

of a realistic and practically relevant distractor
and consumption situation. This study aimed
for a control condition that matched the sen-
sory input during driving and thus only differed
from the experimental condition in the mental
load and stress induced. As a result, the partic-
ipants in the control condition were probably
still somewhat distracted and this might have
created a conservative test of our hypotheses.
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However, this way, any differences in consump-
tion and perceived taste intensity between the
conditions could be attributed to differences in
the availability of mental capacity. It is possible
that the smaller effect sizes have caused our
study to be underpowered to detect the effect
of driving condition on saltiness ratings. Future
research could examine variations in mental
load and stress further by comparing different
levels of distraction during consumption, e.g.,
high distraction, low distraction, no distraction
and targeted attention through mindful eating
instructions in a larger sample.
The current study also has its limitations.

Whereas standardization of the consumption
amount during the driving manipulation al-
lowed us to examine differences in compen-
satory consumption, one limitation of the study
is the limited amount that could be consumed
later. The mean difference in the amount of
potato chips consumed after driving or pas-
sively watching was only 11 kcal. However,
these 11 kcal were consumed in addition to the
50.8 kcal that participants already ate during
the driving distraction or passively viewing. In
addition, a substantial proportion of the sam-
ple consumed the entire additional 15 grams
or 76 kcal, whichmight indicate that they would
have consumed more had they had the op-
portunity to do so. To further examine the
magnitude and practical relevance of the com-
pensatory consumption effect, future studies
could examine ad libitum intake following dis-
tracted eating.
Although participants were requested not

to eat in the two hours prior to the start of
the study, subjective hunger was not assessed.
However, since participants were randomly as-
signed to the driving or control condition, pos-
sible variability in hunger status is unlikely to
have caused the difference in subsequent con-
sumption between conditions.
We did not assess how much experience

with playing video games participants had. In
addition to driving experience, this may have
affected how challenging the driving simulation
was for participants.
Lastly, the relatively young age, low driving

experience, high education level and unbal-
anced gender ratio of our sample limits the
generalizability of our results. Furthermore,
ethnicity was not assessed. Future studies
could extend our findings in broader samples

that are more representative of the general
population.

Conclusion

Using a realistic but lab-controlled driving sim-
ulation, the findings reported here provide ad-
ditional support for the notion that distract-
ing consumption settings may have long-term
health implications, through their contribution
to overconsumption of unhealthy products.
This pushes the need for a better understand-
ing of what these settings look like in people’s
daily lives and how consumption settings can
be changed. The current research provides
some preliminary evidence that taste percep-
tion, and especially perceived taste intensity,
may be a relevant aspect to consider when
examining the mechanism through which dis-
tracted eating leads to overconsumption.
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Supplementary Tables and Figures

Table 4 Means and standard deviations or N of gender, age and nationality as a function of condition
(driving; control).

Condition* Gender Age Nationality

Driving 15 M, 43 F 22.00 (2.66) 29 Dutch, 8 German, 3 English, 18 other

Control 15 M, 43 F 21.60 (3.02) 39 Dutch, 8 German, 11 other

*There were no statistically significant differences between the groups.

Figure 3 Histograms showing the distributions for a. mean Driving Experience, b. mean stress score, c.
salt intensity rating, d. total amount of calories consumed.
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Figure 4 Histograms showing the distributions per condition (Driving and Control) for a. mean Driving
Experience, b. mean stress score.

Figure 5 Histograms showing the distributions per condition (Driving and Control) for a. salt intensity
rating, b. total amount of calories consumed.
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Figure 6 Structural Equation Modeling path model. Drive_dist = average kms driven in last year;
Drive_freq = weekly driving frequency; Drive_years = years of having drivers’ license; Drive_exp_l = la-
tent variable of driving experience; Gendern = gender, male (0) or female (1); Salty = how salty the chips
were perceived during the experiment; Drive_Condition = experimental condition, either completing a
driving simulation (1) or control condition (0); Calories_consumed = the amount of calories consumed
after the driving manipulation; stress_l = latent variable for stress experienced during the driving manipu-
lation; Relaxed = how relaxed participants felt during the driving manipulation; Control = how in control
participants felt during the driving manipulation; Rushed = how rushed participants felt during the driving
manipulation; Nervous = how nervous participants felt during the driving manipulation; Performance =
how well participants felt they performed during the driving manipulation.
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