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A Combi-Stroop Test for Measuring Food-Related Attentional Bias

Javad Salehi Fadardi and Masoud Moghaddaszadeh Bazzaz
Ferdowsi University of Mashhad

There are methodological complexities with the supraliminal-lexical versions of the modified
versions of the Stroop tests that could be responsible for inconsistencies across the literature
(Field & Cox, 2008). We tested whether a combination of subliminal—pictorial and classic
Stroop tests can differentiate between dieters’ and nondieters’ food attentional bias (FAB).
Participants were dieters (n = 30) and nondieters (n = 32) who were tested 3 hr after having
a meal. Each picture from among 24 high-calorie and 24 low-calorie food pictures was
presented for 32 ms before the appearance of a congruent or an incongruent color word, in
response to which participants were required to manually report, via a tagged keyboard, the
correct color of the word as quickly and accurately as possible. Color-naming latencies and
interference scores were calculated. Dieters showed the highest reaction times to incongruent
color words following high-calorie food pictures; overall, dieters showed significantly higher
FABs than nondieters. The Combi-Stroop test has differential validity. Moreover, findings
suggest that FAB can result from early allocation of dieters’ attention to food-related stimuli.
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supraliminal

Obesity and overweight are associated with many adverse
health consequences (for review, see Bean, Stewart, &
Olbrisch, 2008); hence, it has become the focus of many
researchers from various disciplines. It has been estimated
that more than 1 billion people in the world suffer from
overweight, among whom 400,000,000 are classified as
obese, that is, their body mass index is higher than 30
(World Health Organization, 2010). In Iran, it was estimated
that, in 2005, 48.5% males and 57.8% females were over-
weight. It has been estimated that the rate will remain
relatively unchanged for males, but for females, it will
reach 62.5% in 2015 (World Health Organization, 2010).

There are several methods of treatment for obesity and
overweight, among which dieting is the most popular. Di-
eters generally try to reduce their weight through limiting
their calorie intake. However, few dieters maintain their
diet; most resume their old eating habits. The question is
why they fail to do so despite their conscious awareness
about the harms of unhealthy eating and their intention to
change their eating habits. Could dieting increase dieters’
craving for forbidden food? Are there any aspects of eating
habits that may be out of the conscious control of the
dieters?

To answer questions addressing uncontrollable facets of
eating behaviors, some cognitive psychologists have con-
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centrated on implicit cognitions and attentional processes
that may underlie the behavior (e.g., Papies, Stroebe, &
Aarts, 2009; Stroebe, Mensink, Aarts, Schut, & Kruglanski,
2008). In short, the common finding of these studies is that
automatic attentional processes play an important role in the
continuation of or relapsing to old eating habits. For exam-
ple, it has been argued (e.g., Calitri, Pothos, Tapper,
Brunstrom, & Rogers, 2010) that food attentional bias
(FAB) may distort cognitive processes that are responsible
for decisions to eat. Although foods do not cause physical
dependence as alcohol or some drugs do, their strong in-
centive values can render them just as addictive (Tapper,
Pothos, Fadardi, & Ziori, 2008). It seems that information
processes responsible for consuming behaviors in dieters
and food restrainers are similar to those observed in alcohol
and drug abusers (Cox, Fadardi, & Pothos, 2006). One
similarity between food and alcohol, for example, is that
pleasant effects of both are mediated by mu-opiate receptors
in the ventral striatum of the brain, which is an important
part of the brain’s reward system (Heinz et al., 2005). Some
researchers (e.g., Cannon & Bseikri, 2004; Robinson &
Berridge, 2001) have argued that the main reason for some
chemicals to become addictive is that, similar to natural
incentives (e.g., food), they activate the brain’s dopaminer-
gic system. Cox, Fadardi, and Pothos (2006) proposed the
process through which any type of incentive (e.g., food,
substances) can sensitize the person’s attentional system. In
their account, certain foods or chemicals may find extreme
incentive value (e.g., it helps a person reduce his or her
stress or feel euphoric); therefore, eating a given food may
become a continuous goal for the person. A goal is associ-
ated with an internal motivational state termed current
concern, which is an active, goal-lurking agenda that leads
the person toward achieving his or her goal. By repeating a
given rewarding behavior, the person’s attentional sensitiv-
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ity for goal-related stimuli changes to a hypersensitivity
state, which is more or less out of the person’s conscious
control. For instance, substance abusers show an attentional
bias for substance-related stimuli; that is, they are hyper-
sensitive to any cues related to various aspects of substance
use, and being exposed to these cues may instigate auto-
matic behaviors that may cause them to go back on their
word—that is, through searching, obtaining, and using the
substance (e.g., Cox, Fadardi, & Pothos, 2006; Field & Cox,
2008).

Evidence from clinical samples, such as bulimics and
anorexics, supports the importance of attentional processes
in pathological eating behaviors (e.g., Dobson & Dozois,
2004; Jones-Chesters, Monsell, & Cooper, 1998). However,
there has not been much research with nonclinical samples,
such as obese and overweight people, dieters, or restrained
eaters (Tapper et al., 2008). However, findings with non-
clinical samples are inconsistent. For example, Green and
Rogers (1993) and Perpina, Hemsley, Treasure, and de Silva
(1993) found that restrained or dieting women with no
obvious clinical problems showed higher FAB on a modi-
fied Stroop test than controls. However, the results of stud-
ies conducted by Ben-Tovim and Walker (1991) and Long,
Hinton, and Gillespie (1994) suggest that mere current
concerns with food and eating are not associated with
increases in FAB (compared with controls), but a con-
current clinical diagnosis for eating-related disorders is a
necessary condition to observe a statistically significant
difference among the two groups.

In a meta-analysis of 27 food-related Stroop studies,
Johansson, Ghaderi, and Andersson (2005) concluded that
there is no consistent evidence in support of the assumption
that restrained eaters should show increased FAB than con-
trols. However, the authors suggested that the lack of sup-
port may simply result from some methodological issue or
the scarce number of studies on dieters compared with
clinical samples. Accordingly, considering the growing
numbers of dieters and restrained eaters, it iS necessary to
study various aspects of the problem, including any relevant
cognitive and attentional processes.

A commonly used paradigm to study FAB is a modified
version of the emotional Stroop test (Williams, Mathews, &
MacLeod, 1996); the test has clinical applications (Gal-
lagher-Duffy, MacKay, Duffy, Sullivan-Thomas, & Peter-
son-Badali, 2009) and it can also be used to scrutinize
attentional processes (e.g., strategic vs. automatic) involved
in hypersensitivity for emotionally salient stimuli (e.g.,
Cisler, Bacon, & Williams, 2009; Johansson et al., 2005).
An emotional Stroop test usually comprises two categories
of stimuli (commonly words): a salient, current concern-
related category and a control, emotionally neutral category
(see Cox, Fadardi, & Pothos, 2006). The stimuli have to be
matched in terms of various relevant dimensions, such as
lexical dimensions, if words are used; thereby, differences
should be minimized across the two categories of stimuli
except for their relevance or irrelevance to the target emo-
tional or current concern category. In the case of words, all
stimuli are presented in various colors (e.g., red, blue, green,
yellow), and the task for the participant is to ignore the

meaning of the words and respond as accurately and quickly
as possible to their color. The rationale behind the test is that
having a current concern for the meaning of a word distracts
the person, causing slower reaction times to the salient
category than to the neutral category of the stimuli. The
difference between the person’s mean reaction times to the
two categories is a measure of one’s distractibility or atten-
tional bias for the salient stimuli (Bruce & Jones, 2004,
Williams et al., 1996).

Lexical Versus Pictorial Stimuli

In many Stroop studies on attentional bias, words have
been used as salient, distracting stimuli. However, many
researchers (e.g., Bruce & Jones, 2004; Johansson et al.,
2005) believe that pictorial stimuli are more potent in as-
sessing attentional bias than words because they are more
representative of the world. Papies et al. (2009) believe that
pictorial stimuli contribute to a more accurate assessment of
automatic processing in the assessment of FAB than words
that initially involve lexical processes. In a study with
clinically diagnosed patients with eating disorders, Walker,
Ben-Tovim, Paddick, and McNamara (1995) used pictures
that were related to body image; they found that anorexic
and bulimics took longer to respond to body pictures than to
neutral pictures, whereas the controls did not show a dif-
ference in their responses to the two types of stimuli.

However, in our review of emotional, pictorial versions of
the Stroop test, we realized that most studies used black-and-
white or mono-colored photos (e.g., Bruce & Jones, 2004;
Constantine, McNally, & Horning, 2001; Harrison, Sullivan,
Tchanturia, & Treasure, 2010; Walker et al., 1995). Searching
PubMed at the time of writing this article, we found that only
four of 56 eating-related Stroop studies used pictorial stimuli,
which where mono-colored pictures. However, our experi-
ence from the real world indicates that advertisements and
objects related to eating and food normally present a full
range of colors and are more or less close representatives of
the actual things (e.g., ads for soft drinks or chocolates).
Many dieters report being tempted by seeing such realistic
photos, which may finally cause them to go back to their old
eating habits. Therefore, to further simulate the actual con-
ditions, we used colorful food images as the salient stimuli
in our Stroop test.

Supraliminal Versus Subliminal Versions of the
Stroop Test

In psychology of sensation and perception, subliminal
stimuli are those that are presented below the conscious
perceptual threshold of an individual. It has been docu-
mented that stimuli that are presented just below individu-
als’ perceptual thresholds may produce some moderating
effects on decision-making or behavioral processes (e.g., de
Gardelle, Charles, & Kouider, 2011; Hofmann, De Houwer,
Perugini, Baeyens, & Crombez, 2010; Van den Bussche,
Van den Noortgate, & Reynvoet, 2009). In fact, recent
evidence from neurological studies that have applied func-
tional magnetic resonance imaging techniques suggests that
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responses primed by subliminal and supraliminal stimuli are
modulated by different brain structures (e.g., Bijsterbosch et
al., 2011).

Some researchers have studied attentional bias in respect
to the time of stimuli presentation, which can lead to sub-
liminal or supraliminal versions of attentional tasks (e.g.,
Arntz, Appels, & Sieswerda, 2000; Lundh, Wikstrom,
Westerlund, & Ost, 1999; Mogg, Bradley, Williams, &
Mathews, 1993; Stroebe et al., 2008). Mogg et al. (1993)
and Stroebe et al. (2008) noted that subliminal presentation
of the stimuli can help neutralize the effect of strategic
controlling processes.

Moreover, as Kemps and Tiggemann (2009) have argued,
supraliminal presentation of stimuli makes it hard to distin-
guish between two potential sources of attentional bias: one
unconscious and preattentive; the other, effortful and post-
conscious. Such differentiations have important implica-
tions for both theory and treatment of attentional bias for
psychopathologically related stimuli.

Houben, Roefs, and Jansen (2010) argued that eating can
be guided through two types of cognitive processes: (a)
reflective or explicit and (b) impulsive or implicit. The
explicit processes include volitional decisions, reasoning,
and personal goals and norms that are normally character-
ized with the person’s efforts; they are slow and obvious
and reliant on cognitive resources. It seems that the negative
reactions of some dieters to high-calorie food are due to
these reflective, explicit processes. Impulsive, implicit pro-
cesses, however, are automatic, hidden, and fast, and they
do not require much effort; these explain dieters’ tendencies
and positive responses toward high-calorie food. Therefore,
because of their nature, it is difficult to control implicit
cognitive processes because they occur readily, involun-
tarily, and are out of the person’s conscious awareness. To
conclude, the more we know about these processes, the
better we understand the nature of many dysfunctional
behaviors such as overeating—and why people choose to do
them despite their conscious awareness of the harm that
they may cause (Wiers, Teachman, & De Houwer, 2007).

Initial Versus Late Stages of Processing

Papies et al. (2009) believe that one advantage of mea-
suring individuals’ implicit, automatic cognitions is that
these measurements are less vulnerable to respondents’ con-
scious efforts to disguise their actual ways of thinking and
reacting to the salient stimuli, hence reducing the risk of
regression toward the mean. However, it seems that more
subtle distractions for emotionally salient stimuli may be
hard to observe using implicit measures of attentional bias
that mainly focus on the final (i.e., response level) instead of
the initial levels of processing of the stimuli. That is, any
distraction for emotionally salient stimuli may be observ-
able for two reasons: (a) It starts immediately after being
exposed to the salient stimuli, and (b) it continues to affect
one’s responses provided that conscious, compensatory
strategies have not been used. Evidence suggests that it is
possible to distinguish between the initial- and response-
level sources of attentional bias. Stimulus onset asynchrony

(SOA; e.g., McNamara, 2005) refers to the amount of time
between the presentation of a prime (e.g., pictures in a
dot-probe task) and the presentation of a target (e.g., the dot
in a dot-probe task) that allows differentiating the two levels
of processing. Evidence suggests that when the SOA is very
short (e.g., 50 ms), it is less likely that respondents can use
their response strategies to overcome their initial distraction
for emotionally salient stimuli (e.g., Vollstadt-Klein, Loe-
ber, von der Goltz, Mann, & Kiefer, 2009). In his review of
studies varying the SOA, MacLeod (1991) concluded that
SOAs less than 100 ms can increase the size of the inter-
ference. In summary, subliminal presentation of the stimuli
as well as short SOAs are techniques used to increase the
size of interference that most probably can be attributed to
the initial stages of processing.

However, when searching for subliminal Stroop and
attentional bias in PubMed, we found only 10 relevant
studies, of which seven (i.e., Franken, Kroon, Wiers, &
Jansen, 2000; Jansen, Huygens, & Tenney, 1998; Mogg
& Bradley, 2002; Paunovi, Lundh, & Ost, 2002; Sack-
ville, Schotte, Touyz, Griffiths, & Beumont, 1998;
Thorpe & Salkovskis, 1997; Zetteler, Stollery, Weinstein,
& Lingford-Hughes, 2006) showed that subliminal ver-
sions of the emotional Stroop tests failed to show the
expected interference, whereas the supraliminal versions
did. Nonetheless, other studies (i.e., Afzal, Potokar, Probert,
& Munafo, 2006; Bakvis et al., 2009; Edwards, Burt, &
Lipp, 2006; van der Made et al., 2009) reported attentional
bias for the salient stimuli at a preattentive level.

The goal of the current study was to develop a new
emotional Stroop test that selectively combines techniques
from preattentive presentation of the stimuli and classic
Stroop test to reduce participants’ potential use of conscious
strategies that may attenuate an initially provoked interfer-
ence.

Method
Participants

Dieters (n = 30; mean age = 25 years, SD = 3.2; 100%
women) were among patients referred to a dieting clinic in
Mashhad to lose weight. They did not meet any of the
clinical eating disorders criteria (e.g., anorexia nervosa).
Control participants were students at Ferdowsi University of
Mashhad (n = 32; mean age = 22 years; SD = 2.5; 100%
women), who responded to the experimenter’s invitation to
voluntarily participate in the study. Participants in the con-
trol group were not on a diet.

The Combi-Stroop Test

The Combi-Stroop test was developed for this study for
the first time. In general, we designed a Combi-Stroop test
as one that (a) includes pictures of a salient (e.g., target) or
an alternative (e.g., control) category—the pictures can be
presented at the subliminal or supraliminal level; (b) con-
gruent and incongruent color words that follow each picture
in an equal proportion; and (c) an SOA that can vary.
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Stimuli and Apparatus

In the current study, 24 photos of soft drinks (e.g., Iranian
cola brands) and high-calorie food (e.g., chocolate, french
fries, pizza) and 24 photos of natural drinks (e.g., water,
yogurt drink) and low-calorie food (e.g., celery, orange,
vegetable salad) were used. Photoshop software was used to
trim the pictures; on average, all pictures had 300 X 300
pixels, with no additional details in a white background
square; however, the whole square (including the fore-
ground and the white background) was depicted against a
black background and presented for 32 ms during the test.

Within each picture category, each picture was followed
once by a congruent color word (e.g., green in green) and
once by an incongruent color word (e.g., red in green). The
color words were blue, green, yellow, and red, again, pre-
sented against a black background. The interval between the
photos and words was set at zero. There was, however, a
fixation cross that followed each color word upon the par-
ticipant’s response or if 2 s had elapsed. Therefore, each
picture and word made a pair; between each pair of stimuli
there was a white fixation cross for 500 ms on a black
background. In summary, the test comprised 48 pictures
and 48 color words.

SuperLab Pro2.0 SKD (Cedrus, 1999) was used to de-
velop and present the Combi-Stroop test. A PC was used for
running the program on a standard 15-in. monitor that was
located about 40 cm away from the participant’s eyes. A
standard keyboard was used as the input device on which
four keys were marked as response keys (i.e., ? for red, the
less than symbol [<] for yellow, C for green, Z for blue).
The computer recorded reaction times (RTs) to each stim-
ulus as well as correct and error (i.e., wrong and late)
responses.

Procedure

The study had been announced as one measuring RTs to
a series of color words on a computer display. All partici-
pants were given an information sheet about the study and
were encouraged to participate in the study voluntarily.
They signed a consent form prior to their participation, and
they were required to refrain from eating for at least 3 hr
before the testing session.

The test was administered in a quiet room with normal
illumination. Participants were given enough practice with
the computer to learn the correct position of each color key
and familiarize themselves with the task prior to the main
task. The practice trials comprised responses to 70 color
patches corresponding to the colors used in the actual test.
On the Combi-Stroop test, the task was explained as re-
sponding to the color of the color words as accurately and
quickly as possible while ignoring the meaning of the
words. The testing sessions were conducted in the mornings
and afternoons. To ensure that the picture presentation was
at the subliminal level, we asked all participants at the end
of their test about the content of the pictures that were
presented prior to each word; only seven of 59 participants

guessed that they had seen pictures related to food. Initially,
information collected from all participants was included in
the data analyses.

Results

First, we calculated the mean number of error responses
(including mistakes and misses) to each category of words.
The mean numbers of errors made by all participants were 0.79
(SD = 1.18) on congruent color words following low-calorie
food (ConLCF), 1.78 (SD = 2.68) on incongruent color words
following low-calorie food (InconL.CF), 0.95 (SD = 1.006) on
congruent color words following high-calorie food (ConHCF),
and 3.09 (SD = 2.13) on incongruent color words following
high-calorie food (InconHCF). On average, participants
made 3.2% errors across the Stroop test. The results of a series
of paired 7 tests showed that participants made more errors (a)
on InconL.CF than ConLCF, #63) = 3.004, p < .001; (b) on
InconHCF than ConHCF, #63) = 8.65, p < .001; and (c) on
InconHCF than InconL.CF, #(63) = 6.22, p < .001. The results
of a multivariate analysis of variance (MANOVA) comparing
dieters and nondieters on the four types of errors showed no
significant effect (p > .05).

Second, we calculated mean correct RTs to each category
of words. Mean RTs for one dieter and one nondieter were
extraordinary large and considered outliers; hence, they
were omitted from further data analysis; this left 29 dieters
and 31 nondieters in each group. We calculated two inter-
ference scores: one for high-calorie food (HCFint) and the
other for low-calorie food (LCFint). To calculate an inter-
ference score, we subtracted the mean RTs on congruent
color words from the mean RTs on incongruent color words
that followed each of the food picture categories. Both
interference scores were considered measures of attentional
bias for food stimuli in each category (i.e., low and high
calorie; see Table 1).

To compare mean RTs to congruent and incongruent
stimuli on each of the food categories between dieters and
nondieters, we conducted a MANOVA. In the model, RTs
for ConLCF, InconLCF, ConHCF, and InconHCF were

Table 1

Means and Standard Deviations for Reaction Times and
Interference Scores on Each Stimulus Category for
Dieters and Nondieters

Group
Dieter Nondieter
Category Mean SD Mean SD

Low-calorie foods

RT congruent 797.24 165.98 816.90 137.71

RT incongruent 936.48 171.20 949.78 149.72

LCFint 134.57 89.65 132.87 89.61
High-calorie foods

RT congruent 835.71 175.25 854.96 153.81

RT incongruent 915.91 156.11 855.03 128.70

HCFint 80.20 102.78 13.08 108.71
Note. RT = reaction time; HCFint = high-calorie foods inter-

ference; LCFint = low-calorie foods interference.
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entered as dependent variables and group (dieters vs. non-
dieters) as the factor. The Wilks’s A test was not significant,
F(4,55) = 2.34, p = .066, n2 = .145; moreover, scrutiniz-
ing the between-subjects effects revealed no effect for group
on either of the dependent variables (p > .05). The results
of a series of dependent ¢ tests indicated that both groups
showed longer latencies for incongruent stimuli than for
congruent stimuli, #(1, 30) = 9.00, p = .001.

To determine whether dieters and nondieters differed
from each other in terms of their attentional bias for high-
versus low-calorie food, we conducted another MANOVA.
In the model, HCFint and LCFint were entered as dependent
variables and group (dieters vs. nondieters) as the factor.
The Wilks’s A test was not significant, F(2, 57) = 3.09, p =
.053, n2 = .098; however, there was a significant effect for
group on HCFint, F(1, 58) = 6.30, p = .015, n2 = .098,
with dieters showing greater interference than nondieters
(see Table 1).

Next, we omitted from the data the six participants (one
already omitted as one of the two outliers) who vaguely
recognized the content of the pictorial stimuli and repeated
the same data analyses. The results of the new data analyses
were similar to those obtained with all participants included.
However, the F value and the partial effect size for the
significant effect for group on HCFint slightly declined,
F(1, 52) = 4.86, p = .03, > = .086. The number of the
participants who vaguely recognized the stimuli per each
group (two nondieters and four dieters) was not large
enough to limit the analyses to them or to test their effect as
a moderating variable in the main MANOVA model.

Discussion

For the first time, we developed and tested the application
of a new Combi-Stroop test for the assessment of FAB. We
believe that using salient images, instead of salient words,
increases the similarity between laboratory conditions and
the real world. Moreover, subliminal presentation of the
salient stimuli reduces participants’ conscious efforts to
develop response strategies that may adversely affect their
performance on the emotional Stroop test as an implicit
measure of attentional bias. Together, we started with the
assumption that such a combination would represent an
accurate measurement of automatic distractibility for emo-
tionally salient stimuli. Although the present findings sup-
port the feasibility of using the Combi-Stroop test in mea-
suring FAB, the relative power of this test compared with
traditional word versions of the test awaits future research.

Our findings have a number of implications for the emo-
tional Stroop tests. First, we conclude that increasing the
difficulty of the task increases chances to observe interfer-
ence. Thus, our participants showed greater RTs when they
were required to respond to the incongruent category of the
words. Responding to the incongruent words that followed
forbidden food pictures was even harder for the dieters. The
reason for such increments in RTs on the incongruent cat-
egory is that responding to incongruent words demands
more cognitive activity (i.e., to suppress the meaning of the
word and to respond to the color of the ink); therefore, any

distractor (e.g., forbidden food) requires extra cognitive
activities to perform the task, leading to augmented inter-
ference. Another reason for dieters showing greater inter-
ference could be attributed to the stress associated with the
difficulty of responding to incongruent words (especially
when primed by pictures of forbidden food). This argument
is supported by the significant difference in error rates on
InconHCEF than InconLCF. In other words, stressful condi-
tions may contribute to larger interference than nonstressful
conditions.

The present finding supports both lines of theories that
account for the processing sources of attentional bias on the
emotional Stroop tests: initial level of processing (i.e., at-
tention capture) and response level of processing (i.e., dis-
engagement). That is, when faced with a salient stimulus on
the Combi-Stroop test at a preattentive level, the dieters’
attentional resources were automatically drawn toward the
content of the stimuli; this is equal to attention capture that
happens at the initial level of processing. Moreover, sup-
pressing the meaning of the words in the incongruent cate-
gory is a task at a conscious, attentive level of processing
(i.e., response inhibition), for which one needs to disengage
from automatic responding to respond selectively to the
color of the ink.

Another finding of the study is related to the fact that
dieters showed higher FAB than nondieters. The finding
supports a wealth of data that food restraint increases FAB
(e.g., Kemps & Tiggemann, 2009; Tapper et al., 2008).
However, this is the first study showing that FAB can result
from a hypervigilance for desired food even at a preattentive
level. The finding supports the theory of current concern as
an explanation for attentional bias for emotionally (and
more precisely, motivationally) salient stimuli (see Cox,
Fadardi, & Klinger, 2006). The implication of preattentive
FAB is that decisions to break one’s vow to diet could also
be made at a preattentive level, where there is little resis-
tance against craving or alternative, consciously guided
decisions. Such a preconscious cognitive mechanism could
be responsible for some dieters’ frequent failures. There-
fore, some dieters may find it difficult to escape from the
yo-yo effect or weight cycling (Atkinson et al., 1994); the
effect could be exacerbated in cases of quick, tough, but
unreasonable demands to lose weight, a situation that is
associated with hypervigilance for cues related to forbidden
food that weakens behavioral decision making, especially
when under stress. In an analysis of drug addiction, Tiffany
(1990) proposed that cues related to a well-established habit
can lead to compulsive behaviors that are independent of
conscious/declarative knowledge of action—outcome rela-
tionships. The strength of cue-elicited habits in the presence
of active goals (e.g., eating) also has been documented (e.g.,
Aarts & Dijksterhuis, 2000; Orbell & Verplanken, 2010).
However, although very difficult, it seems that a provoked
automatic behavior that enters one’s consciousness can be
subjected to the person’s conscious review and control (e.g.,
Brunstrom, Yates, & Witcomb, 2004). For example, there is
evidence (e.g., Blair, Booth, Lewis, & Wainwright, 1989;
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Brug, Hospers, & Kok, 1996) that many dieters and re-
strained eaters can manage weight loss and maintain it over
a long time.

It is difficult to generalize our findings to various versions
of the emotional Stroop test (e.g., alcohol, substances, anx-
iety, depression) in that some use more objective stimuli
(e.g., words related to objects), whereas others may use
stimuli that are rather subjective (e.g., words related to
concepts). Moreover, it is still premature to judge whether
cultural diversities may lead to different patterns of results
when comparing subliminal versions of emotional Stroop
tests. However, we predict that, compared with current
versions of the emotional Stroop tests, a Combi-Stroop test
will result in fewer differences across members of various
cultures because it reduces conscious resources that may be
used by participants to develop response strategies (see
Williams et al., 1996).

To conclude, it seems that the Combi-Stroop test can be
reliably used as a measure of FAB. The present study,
however, could be improved by the inclusion of a third
category of neutral pictorial stimuli. That way, we could
determine whether, compared with controls, dieters are gen-
erally distracted for any type of food (i.e., healthy and
forbidden) or whether they show greater FAB exclusively
for forbidden foods. Finally, we suggest comparing the
relative discriminant and predictive validity of the Combi-
Stroop test with its traditional versions. Moreover, the rel-
ative rigor of supraliminal versions of the Combi-Stroop, in
comparison with its subliminal versions, for detecting FAB
awaits future studies.
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