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A B S T R A C T

Objective: Empirical evidence of attentional bias (AB) for food in obese and restrained eaters is contradictory. It
has been suggested that AB for food in obese people might reflect both food craving and food-related concerns.
Thus, AB for food may be a dynamic process.
Methods: A new computational methodology (Zvielli, Bernstein, & Koster, 2015) was adopted to reanalyze the
reaction time (RT) and dwell time of three food-related dot-probe task with eye-tracking studies (Werthmann et al.,
2015; Werthmann et al., 2011, 2013). This new computing method uses a sequence of bias scores to express the
dynamic changes of AB. Moreover, the variability of RT on filler trials was also calculated. The critical groups in
these studies were overweight/obese adults, obese children, and healthy-weight restrained eaters.
Results: Both the variability of AB for food stimuli and the variability of RT on filler could significantly predict the
variance in body mass index (BMI). When controlling for the variability of RT on filler trials and mean AB score,
larger variability of AB for food stimuli still existed in obese children and aggregated dataset. The variability of AB
for food stimuli demonstrated no significant correlation with restrained eating scores and dwell time variability.
Conclusions: Overweight/obese individuals are characterized by more variability in attention, and this varia-
bility is mainly unspecific. It probably reflects less effective executive control ability.

Currently, people are surrounded by high-caloric palatable foods
(Lake & Townshend, 2006) possibly attracting their attention
(McSorley, Morriss, & van Reekum, 2017). According to incentive sal-
ience model, such food-related attentional bias (AB) can subsequently
result in craving for food, and it might be especially true for overweight
and obese people (Berridge, Ho, Richard, & DiFeliceantonio, 2010;
Frankort et al., 2012; Roefs, Houben, & Werthmann, 2015).

Quite some studies have examined AB for food in individuals of
different body weights (e.g., obese, overweight and normal-weight) by
using dot-probe task which has most often been used to measure AB.
However, empirical evidence for food-related AB in overweight and
obese is contradictory (e.g., Roefs et al., 2015; Werthmann, Jansen, &
Roefs, 2015). Briefly, overweight and obese participants showed more,
equal or less attention for food cues, compared to lean participants (e.g.,
Deluchi, Costa, Friedman, Goncalves, & Bizarro, 2017; Doolan, Breslin,
Hanna, & Gallagher, 2015; Nummenmaa, Hietanen, Calvo, & Hyona,
2011). The reason for this inconsistency may be partly attributed to the
inadequate internal reliability and retest reliability of mean attentional
bias scores (Ataya et al., 2012; Schmukle, 2005). Besides, mean AB scores

only provide a central tendency of AB but do not provide information at
different time points. However, using eye tracking and ERP, two studies
found an attentional approach-avoidance pattern in overweight people
(Nijs, Franken, & Muris, 2010; Werthmann et al., 2011). This approach-
avoidance pattern might reflect two conflicting goals: eating enjoyment
and weight control (Stroebe, van Koningsbruggen, Papies, & Aarts,
2013), possibly leading dieters to alternate between directing their at-
tention towards and away from food. Given all that, it may be more
fitting to consider AB for food as dynamic, reflecting the current moti-
vational state, rather than a stable characteristic (Field et al., 2016;
Werthmann, Jansen, & Roefs, 2016). Mean AB scores may have disguised
or canceled out group differences in previous studies.

Zvielli, Bernstein, and Koster (2015) have proposed a new computa-
tional methodology to capture the proposed dynamic nature of AB: trial
level bias scores (TL-BS). TL-BS consists of a time-series of AB measured
over the course of the task. More specifically, in the dot-probe task, each
congruent trial is matched with an incongruent trial that is as close as
possible in time, no further than five trials away (before or after) from the
congruent trial. Then, the AB is calculated by subtracting the response time
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of each of the congruent trials from its paired incongruent trials, resulting in
a time-series of AB scores. To capture the dynamic nature of AB, TL-BS
variability was computed as the mean absolute distance across the whole
sequence of TL-BSs, which reflects the extent of fluctuation both toward and
away from stimuli over time. Some research found that compared with
mean AB scores, TL-BS variability better predicted symptoms in depressed
and spider phobic (Zvielli et al., 2015; Zvielli, Vrijsen, Koster, & Bernstein,
2016). In addition, those with emotion dysregulation exhibited greater TL-
BS variability when they were faced with threat-related pictures (Bardeen,
Daniel, Hinnant, & Orcutt, 2017). However, other researchers have cri-
tiqued the TL-BS methodology and showed that TL-BS parameters are
sensitive to increasing the standard deviation (SD) of reaction time (RT) in
the absence of a bias (Kruijt, Field, & Fox, 2016). According to Kruijt et al.
(2016), a higher SD may reflect error variance and the TL-BS parameters
cannot differentiate measurement error from bias variability. So, TL-BS may
capture the variability in general responding, and not in threat-related at-
tention. It is important to distinguish whether the variability is specifically
for emotion/food-related bias or a more general variability.

Given the potential benefits of the TL-BS, we used it to reanalyze the
AB data of three studies (Werthmann et al., 2011, 2015, 2013). Because
we want to focus on the dynamic nature of attentional bias for food, TL-
BS variability was chosen, as it reflects the degree of fluctuation in
attention for food across time. The included studies used the dot-probe
task to measure RT as well as eye-tracking variables. The studies
compared obese and healthy-weight adults (Werthmann et al., 2011),
overweight/obese and healthy-weight children (Werthmann et al.,
2015), and high and low-restrained eaters matched on body mass index
(BMI) (Werthmann et al., 2013). Whereas one of these studies did find
evidence that overweight/obese adults directed their first gaze more
often toward food pictures (Werthmann et al., 2011), no effect was
found for the RT-based measure of AB in any of the studies.

The primary purpose was to test whether the variability of AB (as
measured with TL-BS) for food is associated with BMI and restrained eating
scores. The second aimwas to test whether the variability is specific for food
stimuli or is observed on filler trials as well. So, the variability of RT on filler
trials (mean SD/mean RT) and mean RT on filler trials were selected to
express the variability and aggregation in general responding. The third aim
was to test whether the variability of AB for food is related to the variability
of eye-tracking variable, dwell time bias, which reflects the maintenance of
attention on critical stimuli (Mogg, Field, & Bradley, 2005). So, the trial-
level computing method was used again to calculate the dwell time varia-
bility. The final aim was to test whether TL-BS variability can explain more
variance than mean AB scores and the variability of RT on filler trials.

For all the three studies, it was hypothesized that: (1) The variability
of AB for food, but not the variability of RT on filler trials would sig-
nificantly correlate with BMI and restrained eating scores; (2) The
variability of AB for food would be associated with the dwell time
variability. (3) The variability of AB for food would explain the var-
iance in BMI and restrained eating scores on top of mean AB scores and
the variability of RT on filler trials.

1. Analysis 1: TL-BS in overweight/obese and healthy-weight
adults

Analysis 1 reanalyzed reaction time (RT) and gaze dwell time data
in the dot-probe task administered to overweight/obese and healthy-
weight females (Werthmann et al., 2011). In this study, RT, eye
movements, BMI, restrained eating scores, and the consumption of food
were recorded. All methods are described in detail in Werthmann et al.
(2011), and here a summary of the most relevant information is pro-
vided. All the studies received ethical approval.

1.1. Method

Participants. A total 56 participants female students (age
M=19.45, SD=1.67; BMI M=23.90, SD=4.35) took part in this

study, including 22 overweight/obese and 34 healthy-weight.
Visual Probe task. AB was measured with the dot-probe task

(MacLeod, Mathews, & Tata, 1986) while eye movements were re-
corded. Each trial started with a fixation cross, followed by a pair of
pictures, presented side-by-side for 2000 ms. Then, one of the stimuli
was replaced by the probe (*), which randomly appeared on the left or
right side of the screen, and the probe was presented until the partici-
pant pressed the response key. Participants were instructed to focus
their gaze first on the fixation cross and then respond to the probe as
quickly as possible. This task included incongruent trials (ITs), con-
gruent trials (CTs) and filler trials. On ITs, the probe appeared in the
location of the non-food stimulus, whereas on CTs the probe appeared
in the location of the food stimuli. Filler trials included two non-food
pictures, and the probe appeared in the location of one of them.

The task included 120 trials: 80 critical trials (ITs and CTs) and 40
filler trials. The critical trials consisted of 20 pairs of food and instru-
ment stimuli and filler trials included 10 pairs of nonfood stimuli. All
pairs of stimuli were each presented four times.

Taste test. A bogus taste test was conducted to measure partici-
pants’ food intake, which was computed by weighing the highly pala-
table foods before and after the taste test.

Data reduction. The exclusion criteria of RT were the same as in
Werthmann et al. (2011; 2.3% of data were excluded). Three partici-
pants were excluded only from the analyses of consumption as they
deviated more than 2 SDs from their group mean consumption; three
participants were excluded only from the analyses of dwell time as they
did not move their eyes on a sufficient proportion (50%) of trials (The
number of excluded participants is different from Werthmann et al.,
2011. They excluded participants with an outlying value on any of the
measured dependent variables (i.e., food consumption, eye-tracking
variables, RT), whereas we only excluded participants with an outlying
value when the variables were used).

The computation of attentional indexes. Mean AB scores were
computed by subtracting the mean RT of congruent from the mean RT of
incongruent trials. For the calculation of trial-level bias scores (TL-BS),
each congruent trial was matched with an incongruent trial that was as
close as possible in time, no further than five trials away. For each pair,
the RT or dwell time of the congruent trial was subtracted from the in-
congruent trial. So, a positive bias score can be interpreted as attention
toward food and a negative bias score as attention away from food. TL-BS
variability was computed as the sum of absolute distances between se-
quential TL-BSs (regarding to reaction time) on critical trials divided by
the total number of TL-BSs (Zvielli et al., 2015). Similar to TL-BS
variability, the calculation of dwell time variability was the sum of all
absolute distances between sequential trial-by-trial dwell times divided
by the total number of dwell times. The variability of RT on filler trials
was the mean SD on filler trials divided by the mean RT on filler trials. In
our study, the mean number of IT-CT pairs was 56.07 (SD=2.05, range
from 52 to 62) and the mean distance between each IT and CT was 1.93
trials (SD=0.18, range from 1.5 to 2.32) in this study.

1.2. Statistical analyses

The BMI in study 1 had a unimodal distribution, so it was considered
as continuous data. First, several zero-order correlations were conducted
to test the associations between all attentional variables, BMI, restrained
eating scores, and food consumption. Then the hierarchical linear re-
gressions were performed to determine whether TL-BS variability could
explain more variance than the variability of RT on filler trials, and mean
AB scores for food. It was tested whether the control variables age and
food consumption were related to the dependent variable (BMI), in
which case they would need to be added to the model. However, age, and
food consumption were not related (r=0.20 and 0.11, p=.13 and .42).
Tests for multicollinearity indicated that a low level of multicollinearity
was present (VIF=1.04 to 2.17). The independent variables were z-
transformed before entering into the statistical model.
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1.3. Results

Attentional indexes, BMI, restrained eating, and consumption. An
example of mean AB scores and trial-level bias scores of an overweight and a
healthy-weight adult was showed in Fig. 1. The results of correlations de-
monstrated that TL-BS variability was significantly related to BMI (r=0.27,
p < .05), but not to restrained eating and consumption (r=0.16 and 0.02,
p=.25 and .89). The variability of RT on filler trials was significantly re-
lated to BMI (r=0.29, p < .05), but not to restrained eating or consump-
tion as well (r=0.17 and 0.02, p=.22 and .88). The other measures of
attention (mean AB scores, mean RT on filler trials, and dwell time varia-
bility) were not significantly related to BMI, restrained eating and con-
sumption (r=−0.24 to 0.21, ps=.10 to .94). TL-BS variability was not
significantly related to dwell time variability (r=0.23, p=.10), but the two
indices of variability, TL-BS variability and the variability of RT on filler
trials, were significantly related to each other, r=0.73, p < .01.

Hierarchical regressions. The results of hierarchical linear re-
gressions demonstrated that the model including only standardized
mean AB scores did not significantly explain variance in BMI.
Introducing the standardized variability of RT on filler trials explained
an additional 7.6% of variation in BMI and this change in R2 was sig-
nificant but adding the standardized TL-BS variability did not sig-
nificantly improve the model further. See Table 1 for details.

1.4. Discussion

In analysis 1, TL-BS, a measure of variability in attentional bias was
used to reanalyze the dot-probe task data in overweight/obese and
normal-weight female students (Werthmann et al., 2011). The results
showed that TL-BS variability was related to BMI. However, the
variability appeared not specific for food stimuli, as the variability of
RT on filler trials was also related to BMI. Moreover, TL-BS variability
could not explain a significant proportion of variance in BMI above the
mean AB scores together with variability of RT on filler trials. So, this
suggests that participants with higher BMI, show more fluctuations in
their attention to both food and general stimuli. As TL-BS variability
showed no significant relation to dwell time variability on food stimuli,
it may be concluded that the fluctuations in responding are not speci-
fically related to attention towards or away from food.

2. Analysis 2: TL-BS in obese and healthy-weight children

In analysis 2, reaction time (RT) and dwell time data of the dot-
probe task administered to obese and healthy-weight children
(Werthmann et al., 2015) were reanalyzed. In this study, RT, eye
movements and adjusted BMI % (BMI divided by the national (Dutch)
norm BMI (Van Winckel & Van Mil, 2001), adjusted for sex and age,
×100.) were recorded. A summary of the most relevant information
about the method is provided. See Werthmann et al. (2015) for ad-
ditional details.

2.1. Method

Participants. 34 obese and 36 normal-weight children were re-
cruited. After individual matching on age and sex, 30 obese (age
M=11.91, SD=2.93; adjusted BMI % M=176.05, SD=23.05)/
healthy-weight (age M=11.82, SD=2.99; adjusted BMI % M=97.49,
SD=8.95) children pairs were included in the analyses.

Visual probe task. Each trial started with a central fixation
cross (100 ms), and subsequently, the image pair was presented
(3000 ms). Then the probe was presented until the participant re-
sponded. The task included two blocks of 40 trials (80 trials in
total): 64 critical trials and 16 filler trials. The critical trials con-
sisted of 16 pairs of food and animal pictures and filler trials in-
cluded four pairs. All pairs of pictures were presented 4 times.

Data reduction and the computation of attentional indexes. The
exclusion criteria of RT were the same as in Werthmann et al. (2015;
4% of data were excluded). The calculation of mean AB scores,1 TL-BS,
TL-BS variability, dwell time variability and the variability of RT on
filler trials were the same as analysis 1. The mean number of matched
IT-CT pairs was 44.90 (SD=2.34, range from 39 to 50) and the mean
distance between each IT and CT was 1.75 trials (SD=0.21, range from
1.33 to 2.38).

Fig. 1. Mean AB scores and trial-level bias scores for one overweight adult and one healthy-weight control adult. RT= reaction time; TL-BS= trial level bias scores;
mean AB scores=mean attentional bias scores.

1 The computation method of the mean BS in analyses 2 and 3 is slightly
different from Werthmann et al. (2013) and Werthmann et al. (2015), in which
they divided response time into five different conditions (congruent dot left,
congruent dot right, incongruent dot left, incongruent dot right and filler) and
then calculated the BS.

Y. Liu et al. Appetite 135 (2019) 86–92

88



2.2. Statistical analyses

Because of the bimodal distribution of adjusted BMI, independent
samples t-tests were conducted first to test the effect of weight-status
(obese and healthy-weight) on mean AB scores, TL-BS variability, dwell
time variability, mean RT on filler trials, and variability of RT on filler
trials separately. Then we used binary logistic hierarchical regressions
to detect whether TL-BS variability could explain additional variance
above and beyond mean AB scores and variability of RT on filler trials.
All predictors were z-standardized and they demonstrated a low level of
multicollinearity, VIF=1.02 to 1.59. Rank-order correlations were
computed to detect whether age and sex were related to adjusted BMI.
As the correlations were not significant, age and sex were not included
in the regression model (r=−0.11 and −0.03, p= .39 and .80).

2.3. Results

Attentional indexes and group status. The results of t-tests showed
that mean AB scores did not significant differ between obese and healthy
weight children, t(1, 58)=1.60, p=.12. Obese children did show larger
TL-BS variability than healthy-weight children, t(1, 58)=3.77, p < .01.
The variability of RT on filler trials was marginally significantly larger in
the obese children than in the healthy-weight children, t(1, 58)=1.89,
p=.06. There was no significant difference between the weight groups
in dwell time variability t(1, 58)=0.84, p=.40, and in mean RT on the
filler trials, t(1, 57)=0.67, p=.51. TL-BS variability was significantly
related to the variability of RT on filler trials (r=0.60, p < .01) but not
to dwell time variability (r=−0.06, p=.64).

Hierarchical regressions. The results demonstrated that adding
the standardized mean AB scores in the first step did not significantly
predict weight status. The variability of RT on filler trials in the second
step significantly increased the explained variance of weight-status.
Finally, the standardized TL-BS variability was added in the third step,
and it significantly increased the proportion of explained variance
further. See Table 2.

2.4. Discussion

In analysis 2, we used TL-BS to reanalyze the dot-probe task data in
obese and normal-weight children. In line with our hypotheses, the
results indicated that obese children demonstrated more variability of
attentional bias for food (TL-BS variability) than healthy-weight chil-
dren and the variability of attentional bias for food significantly pre-
dicted weight status when controlling for the variability of RT on filler
trials and mean AB scores. Inconsistent with our hypothesis, the
variability of RT on filler trials also explained more variance above
mean AB scores. In addition, dwell time variability showed no sig-
nificant association with TL-BS variability and was not different be-
tween the two weight groups. Possibly, TL-BS based on reaction time
may capture different aspects of attention than those reflected in dwell

time. The results of analysis 2 are partly in line with the results of
analysis 1, in that both weight groups did not differ on dwell time
variability, and both overweight/obese adults and obese children
showed increased variability on AB for food and on general reaction
time. However, for obese children, specifically the variability of at-
tentional bias for food was a better predictor of weight status than the
variability of general responding.

3. Analysis 3: TL-BS in restrained and unrestrained eaters

Analysis 3 reanalyzed reaction time (RT) and dwell time data of dot-
probe task administered to healthy-weight restrained and healthy-
weight unrestrained eaters (Werthmann et al., 2013). In this study, RT,
eye movements, restrained eating scores, and BMI were recorded. All
methods are described in detail in Werthmann et al. (2013), and a
summary of the most relevant information is provided.

3.1. Method

Participants. 45 female participants were recruited (age
M=21.67, SD=2.05; BMI M=21.46, SD=1.61) and their re-
strained eating scores (M=11.76, SD=5.50) were rated by Restraint
Scale (Herman & Polivy, 1980). The groups were matched on BMI.

Visual probe task. The description of the dot-probe task was the
same as for analysis 1.

Data reduction and the computation of attentional indexes. The
exclusion criteria of RT were the same as in Werthmann et al. (2013; 2.3%
of data were excluded.) The calculations of all the attentional indexes were
the same as analysis 1. The mean number of matched IT-CT pairs was 56.11
(SD=1.98, range from 52 to 60) and the mean distance between each IT
and CT was 1.92 trials (SD=0.18 range from 1.59 to 2.44) in this study.

3.2. Statistical analyses

The distribution of restrained eating scores was unimodal, so we first
conducted zero-order correlations and then proceeded with hierarchical
linear regressions, with z-standardized variables, in which we added the
mean AB scores in the first step, the variability of RT on filler trials in the
second step, and the TL-BS variability in the final step. A low level of
multicollinearity was present in this study (VIF=1.00 to 4.30).
(VIF=1.00 to 4.30). The control variables age and hunger were not
related to the restrained eating scores and were therefore not included in
the hierarchical regressions (r=−0.04 and 0.12, p=.80 and .43).

3.3. Results

Attentional indexes and restrained eating. The restrained eating
scores were not correlated significantly with TL-BS variability, mean AB
scores, dwell time variability, mean RT on filler trials, and the variability
of RT on filler trials (r=−0.23 to 0.21, ps=.14 to .56). In addition,

Table 1
Hierarchical regression model for variables predicting BMI.

variables M (SD) B SE B β t F 95% CI R2 change

Step 1 0.48
Mean AB scores (ms) 0.72 (18.75) −0.41 0.59 -.09 −0.70 [-1.59–0.77] .01
Step 2 2.47
Mean AB scores (ms) −0.25 0.58 -.06 −0.44 [-1.41–0.90]
Variability of RT on filler trials 0.16 (0.04) 1.21 0.58 .28 2.10* [0.06–2.37] .08*
Step 3 1.75
Mean AB scores (ms) −0.20 0.59 -.05 −0.34 [-1.38–0.98]
Variability of RT on filler trials 0.85 0.84 .19 2.01 [-0.84–2.53]
TL-BS variability (ms) 93.66 (30.26) 0.51 0.85 .12 0.61 [-1.19–2.21] .01

Note. The raw, unstandardized means and SDs are reported. Mean AB scores: mean attentional bias scores; Variability of RT on filler trials: variability of reaction time
on filler trials (mean SD/mean RT); B: unstandardized coefficients; SE B: the standard error for the unstandardized beta; β: standardized beta; R2=Nagelkerke's R2;
*p < .05.

Y. Liu et al. Appetite 135 (2019) 86–92

89



dwell time variability did not correlate significantly with TL-BS varia-
bility (r=0.12, p=.43). However, TL-BS variability was related sig-
nificantly to the variability of RT on filler trials (r=0.88, p < .01).

Hierarchical regressions. Results showed that the mean AB scores
did not significantly explain variance in restrained eating. Adding the
variability of RT on filler trials and TL-BS variability did not sig-
nificantly increase the proportion of explained variance in restrained
eating scores. See Table 3 for details.

3.4. Discussion

In analysis 3, we used the TL-BS computational method to reanalyze
the data in normal-weight restrained and unrestrained eaters. Different
from our prediction, the results indicated that (1) TL-BS variability was
not related significantly to restrained eating scores and could not ex-
plain additional variance in restrained eating as well. (2) Dwell time
variability was not correlated significantly with TL-BS variability. The
results suggest that there is no significantly relation between restrained
eating and food-related attentional dynamics. This possibly means re-
strained eaters are indeed not characterized by dynamic changes in
food-related AB or TL-BS is not an adequate way to measure this.
Comparing with the results of study 1 and study 2, it seems that BMI
instead of restrained eating scores is more likely associated with the
variability of AB for food or general responding. Again, the TL-BS
variability did not show any association with dwell time variability, so
it is necessary to reconsider what TL-BS reflects.

4. Meta-analysis

As all the three studies only have modest sample sizes, lack of suf-
ficient power might be a problem. To increase the power, we ag-
gregated the data of three studies into one dataset. Our purposes were

in line with the above studies. However, we do not have restrained
eating scores in study 2 and from the results of our three studies, it
seems TL-BS variability is more likely related to BMI instead of re-
strained eating scores, so we did not present the results including re-
strained eating scores here (the relevant information can be found in
the supplementary).

As we calculated the percentage adjusted BMI of children according
to Dutch norm BMI, to create one dataset, we calculated the adjusted
BMI % for the adults in study 1 and study 3 (supplementary data) as
well as study 2. Two outliers (3 SD above the mean) in the adjusted BMI
% were replaced by the nearest adjusted BMI % of the whole sample
(see Wilcox, 2001).2 After aggregated the datasets, 161 participants
(158 for dwell time variability) were included in the analysis (age
M=17.24, SD=4.83; adjusted BMI M=116.61, SD=32.21), in-
cluding 30 males and 131 females.

Because of the unimodal distribution of the adjusted BMI %, we first
conducted the correlations and then used hierarchical linear regressions
with z-standardized variables. As age was related to the adjusted BMI %
(r=−0.43, p < .01), age was controlled in both correlations and re-
gressions. Tests for multicollinearity indicated a low level of multi-
collinearity (VIF=1.01 to 2.38).

The results of partial correlations demonstrated that TL-BS varia-
bility (r= 0.31, p < .01), mean AB scores (r=−0.18, p < .05),
dwell time variability (r= 0.19, p < .05), and the variability of RT on
filler trials (r= 0.21, p < .01) were all significantly correlated with
adjusted BMI %. In addition, TL-BS variability was positively related to
the variability of RT on filler trials (r=0.68, p < .01), but not related
to dwell time variability (r=−0.01, p= .95). For the hierarchical

Table 2
Hierarchical regression model for variables predicting weight status.

variable Obese (n=30) Healthy-weight (n=30) B SE B Wald χ2 χ2 OR 95% CI R2 change

M (SD) M (SD)

Step 1 2.63
Mean AB scores (ms) −1.19 (29.01) 10.25 (26.29) −0.45 0.29 2.37 0.64 [0.36–1.13] .06
Step 2 6.49*
Mean AB scores (ms) −0.47 0.29 2.66 0.62 [0.35–1.10]
Variability of RT on filler trials 0.18 (0.04) 0.16 (0.05) 0.55 0.29 3.52 1.73 [0.98–3.10] .08*
Step 3 17.89**
Mean AB scores (ms) −0.70 0.34 4.28* 0.50 [0.26–0.96]
Variability of RT on filler trials −0.16 0.39 0.16 0.85 [0.40–1.84]
TL-BS variability (ms) 151.41 (51.46) 103.33 (47.20) 1.30 0.43 8.95** 3.66 [1.56–8.56] .21**

Note. The raw, unstandardized means, SDs, and ranges are reported. Mean AB scores: mean attentional bias scores; Variability of RT on filler trials: variability of
reaction time on filler trials (mean SD/mean RT); B: unstandardized coefficients; SE B: the standard error for the unstandardized beta; R2: Nagelkerke's R2. OR: Odds
ratio, predicted probability in the obese group; *p < .05; **p < .01.

Table 3
Hierarchical regression model for variables predicting the restrained eating scores.

variables M (SD) B SE B β t F 95% CI R2 change

Step 1 .23
Mean AB scores (ms) 5.67 (17.92) −1.24 0.82 -.23 −1.52 [-2.89–0.41] .05
Step 2 1.64
Mean AB scores (ms) −1.18 0.82 -.21 −1.44 [-2.83–0.48]
Variability of RT on filler trials 0.15 (0.04) -.81 0.82 .15 0.99 [-0.85–2.46] .02
Step 3 1.32
Mean AB scores (ms) −1.15 0.82 -.21 −1.39 [-2.81–0.52]
Variability of RT on filler trials −0.45 1.70 -.08 −0.27 [-3.88–2.98]
TL-BS variability (ms) 91.97(47.20) 1.44 1.70 .26 0.85 [-1.99–4.88] .02

Note. The raw, unstandardized means, SDs, and ranges are reported. Mean AB scores: mean attentional bias scores; Variability of RT on filler trials: variability of
reaction time on filler trials (mean SD/mean RT); B: unstandardized coefficients; SE B: the standard error for the unstandardized beta; β: standardized beta; R2:
Nagelkerke's R2.

2 The analyses with unchanged values or exclusion of these values showed the
same patterns and would lead to the same conclusions.
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linear regressions, the model including only standardized mean AB
scores significantly explained variance in BMI after controlling for age.
Introducing the variability of RT on filler trials significantly improved
the model. Finally, adding the standardized TL-BS variability in the last
step explained an additional 4.1% of the variation in BMI and this
change in R2 was significant. See Table 4.

According to the results of meta-analysis, we can conclude that there
was a significant associated between TL-BS variability and adjusted BMI
%, and such associations also exist in the variability of RT on filler trials.
However, TL-BS variability for food was the best predictor of adjusted
BMI % and could significantly explain variance in % BMI after control-
ling for age, mean AB and variability of RT on filler trials. Again, TL-BS
was not related to variability in dwell time, which suggests that TL-BS
might not reflect attention towards and away from food.

5. General discussion

Previous research on food-related AB did not produce consistent
results (e.g., Roefs et al., 2015; Werthmann et al., 2015). Recently,
several studies used a new computational method, TL-BS, to calculate
variability of the attentional bias (AB) data in emotion-related dot-
probe tasks and produced more consistent results (Zvielli et al., 2015,
2016). However, this TL-BS approach has not been taken yet in research
on biased attention for food.

In the current paper, we used this novel computational method to
reanalyze AB data in three different groups, overweight/obese adults,
obese children, and normal-weight restrained eaters, all compared to
control groups. We also chose the variability of RT on filler trials (mean
SD/mean RT) to measure the variability on general responding. The
main findings were (1) Overall, people with higher BMI demonstrated
larger TL-BS variability for food (study 1, 2 and meta-analysis). (2)
When controlling for the variability of RT on filler trials and mean AB
scores, TL-BS variability could still significantly predict the variance in
BMI (study 2 and meta-analysis, although not in study 1). (3) Both
overweight/obese adults and obese children demonstrated larger
variability of RT on filler trials (study 1, 2 and meta-analysis). (4) The
variability of attentional bias for food (TL-BS variability) was not cor-
related significantly with dwell time variability and restrained eating
scores (all studies).

From all the studies, we can conclude that overweight/obese
women and obese children all are characterized by higher variability of
reaction time based attentional bias for food and general responding.
The variability of food-related attentional bias and general responding
may due to the executive control ability, as overweight/obese people
showed impairments of executive function (Yang, Shields, Guo, & Liu,

2018). The relation between restrained eating and executive func-
tioning is less clear, with inconsistent results in the literature (Meule,
Lukito, Vögele, & Kübler, 2011; Nederkoorn, Van Eijs, & Jansen, 2004)
and together with the present results this might suggest that restrained
eating is not related to diminished executive functioning. However,
some research suggested that executive functioning might be specifi-
cally related to uncontrolled eating or unsuccessful dietary restrained
and not to restrained eating in general (Martin, Davidson, & McCrory,
2018; Van Koningsbrugge, Stroebe & Aarts, 2013). In future research, it
should be tested if unsuccessful dieting, instead of general restrained, is
related to increased variability in food-related attentional bias or to
general responding.

The results of study 2 and meta-analysis showed that the variability
of AB for food (TL-BS variability) could predict additional variance of
BMI above the variability of general responding. It demonstrates the
necessity to consider the role of time when measuring reaction time
based attentional bias for food and merely focus on the aggregated
mean scores cannot draw the whole picture of attentional bias for food.
It also provides us with the evidence that people with higher BMI may
have more approach-avoidance towards food. However, the reanalyzes
all revealed that dwell time variability was not correlated with TL-BS
variability. Dwell time is defined as the maintenance of attention on
critical stimuli (Mogg et al., 2005). The bigger dwell time represents
participants lingering longer on critical stimuli (towards target) and
vice versa. It seems therefore reasonable to consider that TL-BS varia-
bility may not link to attention towards or away from food. Hence, it is
difficult to indicate what the variability of attentional bias for food (TL-
BS variability) reflects in our current paper. More research is needed in
which TL-BS is validated, for instance by relating it to more other
measures of goal conflict. The underlying mechanism on the variability
of attentional bias is unclear, but these results do show TL-BS can
predict the variance in BMI, so this new direction is interesting.

Several limitations should be mentioned. First, TL-BS variability can
only capture the degree of fluctuation, but it cannot provide us with the
frequency of bias switches, which is also a critical index to weigh the
dynamic changes of AB. It still needs great efforts to develop a better
method to capture the dynamic nature of AB. Second, our participants
in study1 and study3 only included female participants, so the results
cannot be generalized to males.

In summary, the present findings show that the variability of at-
tention in both obese/overweight women and children is not specific
for food stimuli but is also apparent for non-food stimuli, whereas the
larger variability of AB for food seems to characterize obese people,
especially in obese children, better than the variability of general re-
sponding. The variability of AB for food showed no significant

Table 4
Hierarchical regression model for variables predicting the adjusted BMI.

variable M(SD) B SE B β t F 95% CI R2 change

Step 1 35.48**
Age (year) 17.24(4.83) −13.76 2.31 -.43 −5.96** [-18.32 - -9.20] .18**
Step 2 20.70**
Age (year) −14.08 2.29 -.44 −6.16** [-18.59 - -9.56]
Mean AB scores (ms) 3.52 (22.36) −5.12 2.29 -.16 −2.24* [-9.64 - -0.61] .03*
Step 3 16.74**
Age (year) −12.44 2.32 -.39 −5.35** [-17.03 - -7.85]
Mean AB scores (ms) −4.80 2.25 -.15 −2.14* [-9.24 - -0.37]
Variability of RT on filler trials 0.16 (0.04) 6.23 2.32 .19 2.68** [1.64–10.81] .04**
Step 4 15.39**
Age (year) −9.37 2.49 -.29 −3.76** [-14.29 - -4.44]
Mean AB scores (ms) −5.02 2.19 -.16 −2.29* [-9.35 - -0.69]
Variability of RT on filler trials −0.00 3.09 .00 −0.00 [-6.10–6.09]
TL-BS variability (ms) 105.75 (48.04) 10.02 3.37 .31 2.97** [3.36–16.67] .04**

Note. The raw, unstandardized means and SDs are reported. Mean AB scores: mean attentional bias scores; Variability of RT on filler trials: variability of reaction time
on filler trials (mean SD/mean RT); B: unstandardized coefficients; SE B: the standard error for the unstandardized beta; β: standardized beta; R2: Nagelkerke's R2;
*p < .05; **p < .01.

Y. Liu et al. Appetite 135 (2019) 86–92

91



correlation with dwell time variability and restrained eating scores.
These findings suggested that TL-BS can partly predict the variance in
BMI, but it is not clear what it actually reflects, casting doubt on the
validity of the measure. More research is needed to test the relation
between general attention, attention for food, food intake, and over-
weight/obesity.
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