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a b s t r a c t

This study investigates individual differences in the reinforcing value of snack food. More specifically, it
was investigated whether differences in restraint status are associated with differences in working for
high-caloric snack food. Thirty-six unrestrained non-dieters, twenty restrained non-dieters and fifteen
current dieters performed a concurrent schedules task in which they had the option to work for points
for either snack food or fruit and vegetables. By progressively increasing the ‘‘price’’ of the snack foods
(i.e., the amount of work required to obtain extra snack points) the relative reinforcing value of snack
food was determined. As hypothesized, restrained non-dieters worked harder and current dieters
worked less hard to obtain snack food as compared to unrestrained non-dieters.

� 2008 Elsevier Ltd. All rights reserved.
Introduction

World wide, the incidence of overweight and obesity is
increasing and this is problematic as especially obesity can have
grave consequences for one’s health. Overweight is the result of
a positive energy balance, meaning that more energy is consumed
than expended. As a low level of physical activity is less likely to
account for excessive weight gain, food intake can be considered as
the most important determinant of changes in energy homeostasis
(Jéquier, 2002). According to this line of reasoning, obesity is mainly
the result of overeating (i.e., excessive caloric intake). Why some
people tend to overeat is still unclear, though a specific group of
people at risk for developing overweight and obesity have been
found to be people with high self-reported dietary restraint. In the
short term, dieting leads to weight loss, but somewhat paradoxi-
cally, on a longer term dietary restraint actually predicts weight
gain (Drapeau, Provencher, Lemieux, & Despres, 2003; Klesges,
Isbell, & Klesges, 1992; Lowe et al., 2006; Stice, Cameron, Killen,
Hayward, & Taylor, 1999; Stice, Presnell, Shaw, & Rohde, 2005).

Restrained eaters are concerned about their body weight and
shape and, therefore, try to restrict their food intake. However, as
dietary restraint appears to predict long term weight gain, it is clear
that restrained eaters are not particularly successful at their weight
control attempts (Heatherton, Herman, Polivy, King, & McGree,
1988). Indeed, restrained eaters have been found to overeat after
a high-caloric preload. In their seminal study, Herman and Mack
þ31 43 3884196.
as.nl (J.C.A.H. Giesen).

All rights reserved.
(1975) presented their participants with no, one or two milkshakes
as a preload. After consuming the preloads, participants had to taste
three different flavors of ice-cream. The amount of ice-cream
consumed was measured. Participants scoring low on restraint
consumed less ice-cream as the preload increased, whereas the
high restrained participants consumed more ice-cream following
the preload than without the preload. Whether the preload con-
sisted of one or two milkshakes did not make a difference in the
amount of ice-cream consumed by the high restrained participants.
The finding of overeating after a preload has been called counter-
regulation. One explanation for this counter-regulation is that
restrained eaters consider their diet to be broken after the
consumption of a high-caloric preload and this triggers disinhibited
eating in the restrained eater (Herman & Mack, 1975; Polivy, 1976).
Such disinhibitive cognitions are, however, not a prerequisite for
triggering disinhibited eating. Jansen and Van den Hout (1991), for
example, demonstrated counter-regulation in restrained eaters
after merely smelling a preload. In this case, the thought of
breaking a diet could not have been the reason for overeating since
the participants did not consume the preload. Further, a study by
Urbszat, Herman, and Polivy (2002) showed that restrained eaters
also demonstrate disinhibited eating when anticipating to go on
a diet the next day. Negative affect and anxiety have also been
found to trigger overeating in restrained eaters. Restrained eaters
who were shown a frightening film ate more food during a taste
test than restrained eaters who saw an emotionally neutral film did.
Unrestrained eaters’ eating behavior was unaffected by the
manipulation (Schotte, Cools, & McNally, 1990; see also, Polivy,
Herman, & McFarlane, 1994). Restrained eaters thus seem to be
triggered to overeat in various situations and by different cues.
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Table 1
Means with standard errors and F-test of group characteristics.a

Variable UNDs
(N¼ 36)

RNDs
(N¼ 20)

CDs
(N¼ 15)

F(2, 68)

M SE M SE M SE

Age (years) 18.9a 0.2 19.1a 0.4 19.1a 0.4 0.23
3 items RS 1.4a 0.2 6.3b 0.3 6.3b 0.4 144.37
BMI (Body Mass Index; kg/m2) 20.3a 0.4 23.1b 0.6 25.5c 1.0 18.10
Hunger (100 mm VAS) 54.9a 3.5 51.6a 4.2 49.1a 5.1 0.48
Hedonics for most liked

snack food (0–10)
8.5a 0.2 8.5a 0.3 8.4a 0.3 0.04

Hedonics for most liked
fruit or vegetable (0–10)

8.6a 0.2 8.6a 0.2 8.9a 0.4 0.42

a Means with different subscripts are significantly different from each other,
p< 0.05 (one-tailed).
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However, there are a few studies that failed to demonstrate
consistent disinhibition in restrained eaters. This equivocal finding
can be attributed to the fact that, typically, restrained eaters express
body, weight, and shape concerns and the desire to lose weight but
are not necessarily dieting (Lowe, 1993). Indeed, the restrained
eaters that do diet (the so called current dieters; CDs), do not show
disinhibition; that is, in a laboratory setting they do not show
counter-regulation after the consumption of a preload (Lowe, 1995;
Lowe, Whitlow, & Bellwoar, 1991). According to the three-factor
model of dieting (Lowe, 1993), CDs can successfully regulate their
caloric intake at least temporarily and, therefore, one should
distinguish CDs from restrained non-dieters (RNDs).

A potential reason for RNDs’ tendency to disinhibit may
simply be that particularly high-caloric foods are relatively more
reinforcing for them than they are for unrestrained eaters
(unrestrained non-dieters; UNDs). These foods have a stronger
motivational appeal for RNDs than they have for UNDs. However,
note that the reinforcing value of food is always a relative value
and not an absolute value. When given the choice between
performing a task to obtain a high-calorie or low-calorie snack,
one may choose to work for the high-calorie snack indicating
that the high-calorie snack is more reinforcing than the low-
calorie snack. But when the choice is between a high-calorie
snack and a certain amount of money, the same person might
choose money over the snack. Because the reinforcing value of
food is relative, preference for a low-calorie snack can be
interpreted as reflecting approach towards the low-calorie
snack, but also as avoidance of the high-calorie snack. This may
also explain why CDs do not always demonstrate disinhibited
eating as the consumption of high-calorie foods directly inter-
feres with their diet (and the express wish to lose weight).
According to this line of reasoning, the momentary relative
reinforcing value of high-calorie food should be stronger for
RNDs but weaker for CDs as compared with UNDs.

In this experiment it was investigated whether the relative
reinforcing value of snack food differs between RNDs, CDs and
UNDs as outlined above. This relative reinforcing value of snack
food is assessed by means of a concurrent schedules task that
measures how hard a participant works for snack food, compared
to an alternative, in this case low-caloric food (e.g., Goldfield &
Epstein, 2002). A participant is offered the choice between working
for points for snacks and points for low-caloric food. In the begin-
ning the response requirement for earning points for both foods are
equal. However, as the task continues the response requirement for
earning snack points increases, whereas the response requirement
for the low-caloric food points remains the same. The more effort
a person makes in earning snack points the higher the relative
reinforcing value of snack food. Individual differences in the rela-
tive reinforcing value of food have already been observed using
a similar task. Saelens and Epstein (1996) found that obese women
are more inclined to work for palatable foods as compared to non-
obese women. From these results, they concluded that food is more
reinforcing for obese women than for non-obese women.

To recapitulate, we hypothesized that RNDs invest more effort in
obtaining snack food than UNDs. Additionally we hypothesized that
CDs will not show as much effort in working for snack food
compared to RNDs and UNDs.

Method

Participants

Participants were female introductory psychology and health
science students from Maastricht University in the Netherlands.
Students were selected based on their scores on three items of the
Restraint Scale (RS; Herman & Polivy, 1980), concerning diet
frequency, the influence of a weight fluctuation on their way of life,
and feelings of guilt after eating. A pilot study among female
undergraduate students (n¼ 767) concerning the validation of
selecting participants based on their scores on these three items of
the RS revealed that the score on the three items highly correlates
with the total score on the complete RS, r¼ 0.84, p< 0.01. Scores on
the complete Restraint Scale range from 0 to 35. The maximum
score to be obtained from these three items chosen from the
Restraint Scale is 10. A participant scoring 3 or below on these three
items classified as an unrestrained eater, whereas a participant
scoring 5 or above was classified as a restrained eater. These cut-
offs were chosen as the pilot data indicated that a score of 3 or
below on these three items corresponded with a total mean RS
score of 7.5, and that the three-item score of 5 and above corre-
sponded with a total mean RS score of 16.4.

At the end of the actual test session, participants were asked
whether they were currently dieting to lose weight, which could
simply be answered with a ‘‘yes’’ or ‘‘no’’ (see also Lowe & Timko,
2004). On the basis of these data, three groups were formed: the
UNDs (n¼ 36), the RNDs (n¼ 20) and the CDs (n¼ 15). All 15 CDs
initially classified as restrained eater. Data from four extra partici-
pants were excluded from the analysis. Three of them did not grade
at least one of the snack foods or fruits and vegetables as suffi-
ciently palatable. One participant misinterpreted the instructions
for the experiment. Participant characteristics of the three groups
are shown in Table 1. Participants were given one course credit or
a V7.50 monetary voucher for participating in the study. This study
was approved by the ethical committee of the Faculty of
Psychology.

Procedure and materials

When invited for the experiment, participants were asked to eat
something 2 h before the experiment and from that time on not to
eat until their participation. Participants were told that the exper-
iment was about choice behavior and mental fatigue. All partici-
pants were tested individually between noon and 6 PM. Once in the
lab, participants were presented with bite-size portions of eight
different food items. Taking into account that people have different
taste preferences, participants were provided with four items from
the category ‘fruit and vegetables’ (cucumber [�4 g], tangerines
[�5 g], white grapes [�6 g], and canned pineapple chunks [�6 g]
[Del Monte Foods, San Francisco]) and four items from the category
‘snack food’ (chocolate M&M’s [�3 g] [Masterfoods, Veghel],
chocolate chip cookies [�3 g] [Van Welzen, Smilde Bakery, Edam],
sweet pepper flavored chips [�2 g] [Lay’s, Smiths Food Group,
Utrecht] and cocktail snacks [�2 g] [Duyvis Productions, Zaan-
dam]). These eight bite-size portions together contained approxi-
mately 55 kcal. The eight foods were presented in random order for
a paper-and-pencil rating task. Participants were asked to taste
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Fig. 1. Mean responses for snack food at different trials for each separate group. Each
trial denotes a different response requirement. FR refers to fixed ratio of reinforcement
and the numbers refer to the number of responses required to obtain a single snack
point.
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(and consume) the foods and subsequently rate its momentary
palatability (11-points scale: 0 ‘‘not at all palatable at the moment’’
to 10 ‘‘highly palatable at the moment’’). This rating task was fol-
lowed by a ranking task, where the participant was asked to rank
the eight food items from most palatable at this moment to least
palatable at this moment. Because level of hunger may possibly
influence the reinforcing value of food (Lappalainen & Epstein,
1990), participants were asked to indicate how hungry they were at
that moment on a 100 mm Visual Analog Scale (VAS; 0 ‘‘not at all
hungry’’ to 100 ‘‘very hungry’’) to be able to check whether the
groups did not differ on initial hunger. Next, the participants were
presented with a filler-questionnaire concerning choice behavior.
This allowed the experimenter time to enter the highest rated
snack and the highest rated fruit or vegetable as choice options for
the concurrent schedules task into the computer program. Subse-
quently, participants completed the concurrent schedules task.

Participants were told that they were going to play a computer
game in which they had to earn points for food and that the
computer would randomly select two of the eight food items they
had just evaluated as their choice options. In fact, they were always
offered their highest rated snack and their highest rated fruit or
vegetable as choice options in the task. Participants were informed
that as the game proceeded it would get harder, however, not
impossible to earn points for one of the two options. Participants
were explained that every ten points equals ten grams of the
matching food and that they would have to eat the food that was
earned after the game. This instruction served to limit the proba-
bility of socially desirable responding by the participant during the
task. Points for the different food items could be earned by means
of pushing the related key; that is, a left response key corre-
sponding with the high-caloric snack, or a right response key cor-
responding with the low-caloric alternative (for half of the
participants this response key assignment was reversed).

The game consisted of five trials. In every trial, 20 points in total
(snack pointsþ fruit/vegetable points) had to be earned. Each trial
comprised making a series of choices. For each choice, a picture of
the high-calorie snack and fruit/vegetable alternative was pre-
sented on screen and the participant was instructed to press the
key corresponding to either one of the food options. Immediately
after the key press, participants would receive feedback indicating
whether they had earned a point for the food item, or not. In the
first trial the reinforcement schedules for snacks and fruit or
vegetables were both at FR2 (fixed ratio of 2), meaning that after
every two responses on the same key a point was earned for the
corresponding food. This FR2 reinforcement schedule remained the
same for the fruit and vegetable option throughout the task.
However, the reinforcement schedule for the high-caloric snack
option changed with every trial, from FR2 in the first trial to FR4,
FR8, FR16 and FR32 in the fifth and last trial. This means that in the
last trial a participant would have to push 32 times on one and
the same response key to earn one point for snacks and that if the
participant decided to work entirely for snack points in the last
trial, she would have to push 640 times on the same response key.

After performing the computer game, when having earned
a total of 100 food points (snackþ fruit/vegetable points), partici-
pants exchanged the points they had earned for the foods and ate it
accordingly. Note that each participant thus had to consume a total
of 100 g of food. When having finished eating the foods, partici-
pants received a second task: a reaction time (RT) task. In this task,
participants simply had to press a response key as fast as possible
whenever the letter X appeared on screen. This task had a 5 min
duration and served as a filler task in line with the cover story that
this study measures the potential effect of making choices on
mental fatigue.

After the RT task, participants were asked whether they were
currently dieting to lose weight and at the end of the test session,
height and weight were measured to calculate Body Mass Index
(BMI; kg/m2).

Design and analysis

The dependent variable is the number of responses for snack
food in each trial on the concurrent schedules task. Because the
number of points to earn per trial was fixed (i.e., 20 points), the
number of responses for fruit and vegetables are not of interest
here as they are directly related to the number of responses for
snacks. Number of responses for snack food were analyzed in a 5
(trial: FR2, FR4, FR8, FR16, FR32)� 3 (group: UNDs, RNDs, and CDs)
mixed repeated measures analysis of variance (ANOVA), with trial
as within-subjects factor and group as between-subjects factor.
Since we were interested in differences in responses between
groups, three subsequent mixed repeated measures analyses were
planned with each time two levels of the between-subject factor
‘group’: RNDs versus UNDs, RNDs versus CDs, and UNDs versus CDs.
To control for the violation of the assumption of sphericity, Huynh–
Feldt epsilon corrections were applied and the corresponding
adjusted degrees of freedom are reported for all repeated measures
analyses. Partial eta squared (hp

2) is reported as a measure of effect
size.

Results

To test whether the three groups differed from each other on
working for snacks across trials, an overall analysis on responses for
snack food was performed with all three groups: UNDs, RNDs and
CDs. A significant main effect of trial was observed, F(2.06,
140.18)¼ 10.91, p< 0.001, hp

2¼ 0.14. Also a significant main effect of
group was found, F(2, 68)¼ 5.04, p< 0.01, hp

2¼ 0.13. These main
effects were qualified by a significant trial� group interaction,
F(4.12, 140.18)¼ 3.05, p¼ 0.02, hp

2¼ 0.08. Mean number of
responses per trial for each separate group is displayed in Fig. 1. The
interaction suggests, in line with our hypotheses, that RNDs work
harder to obtain snack food than UNDs, but only when these RNDs
are not currently dieting.

To further examine the trial� group interaction, three separate
analyses were conducted with only two levels for the factor group,
to be able to compare each group with each other. The first of the
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three analyses compared UNDs with RNDs on the five trials. Again
a significant main effect for trial was found, F(2.04, 110.29)¼ 14.14,
p< 0.001, hp

2¼ 0.21. However, no significant main effect for group
was found, F(1, 54)¼ 2.23, p¼ 0.14, hp

2¼ 0.04. The main effect for
trial again was qualified by a significant interaction effect, F(2.04,
110.29)¼ 3.02, p¼ 0.05, hp

2 ¼ 0.05. This analysis revealed that as the
reinforcement ratio for snacks increases, the RNDs start working
harder for snack food compared to the UNDs. As can be inferred
from Fig. 1, the number of responses for snack foods only start to
diverge between these two groups with a response requirement of
16 responses per snack point (i.e., trial FR16) and this difference is
significant at a response requirement of 32 responses per snack
point, t(54)¼ 2.13, p¼ 0.04.

In a second analysis comparing the UNDs with the CDs, a signifi-
cant main effect for trial was found, F(2.41, 117.89)¼ 8.56, p< 0.001,
hp

2¼ 0.15. Also a significant group effect was found, F(1, 49)¼ 9.47,
p< 0.01, hp

2¼ 0.16. These trial and group effects were qualified by
a significant interaction effect, meaning that UNDs work harder for
snacks as reinforcement ratio increases compared to the CDs, F(2.41,
117.89)¼ 3.49, p¼ 0.03, hp

2¼ 0.07. Post-hoc tests show that responses
given for snacks differ significantly at every trial comparing UNDs
with CDs, t’s> 2.04, p’s< 0.05. When finally comparing the RNDs
with the CDs, a significant trial effect was observed, F(1.59,
52.47)¼ 4.15, p¼ 0.03, hp

2¼ 0.11, and group effect was also found
significant F(1, 33)¼ 6.70, p¼ 0.01, hp

2¼ 0.17. The trial� group inter-
action was marginally significant, F(1.59, 52.47)¼ 2.90, p¼ 0.08, hp

2

¼ 0.08. RNDs exert more effort in obtaining high-caloric snack food
than the CDs. Again post-hoc tests show that except for trial FR32, the
number of responses given for snacks significantly differ at each trial,
t’s> 2.44, p’s� 0.2, for trial FR32 this difference was marginally
significant, t(33)¼ 1.96, p¼ 0.06.

Discussion

The present study investigated the relative reinforcing value of
snack food for UNDs, RNDs and CDs. In line with our hypotheses, we
found that RNDs are willing to work much harder to obtain high-
caloric snack food when compared to UNDs. Further, CDs do not
work as hard for obtaining high-caloric snacks as compared to
RNDs and to UNDs. This latter finding is in line with the three-factor
model of dieting (Lowe, 1993), which states that CDs do restrict
their caloric intake as opposed to RNDs. Lowe et al. (1991) found
that CDs especially restrict their caloric intake after a preload. It is
possible that the findings in the present experiment are similar
because the food rating and tasting prior to the concurrent
schedules task functioned as a preload as well (although this pre-
load was considerably smaller than usual). CDs thus work less for
snack foods than RNDs. A possible explanation for this is that the
explicit goal of losing weight is more salient and desirable for the
current dieter, and behavior in line with this current goal (i.e.,
opting for low-caloric foods, and by doing so effectively avoiding
the threatening snack food) is thus relatively more reinforcing than
obtaining snack food. Corroborating this line of reasoning, Fishbach
and Dhar (2005) demonstrated that female undergraduate
students wanting to lose weight chose to have an apple or a choc-
olate bar after participation in a survey study depending on the
degree to which they considered themselves removed from their
ideal weight. The closer one perceived to be toward one’s ideal
weight, the more likely one was to opt for chocolate. Fishbach and
Dhar thus state that progress along the goal of weight-loss liberates
one to pursue inconsistent goals, such as indulging in high-caloric
snack food. Indeed, in the present study, the CDs had a higher BMI
than the RNDs, and thus it is conceivable that the CDs perceive less
progress in their weight-loss goal than the RNDs. However, we did
not directly measure perceived progress in weight-loss, and thus
this potential explanation at this point is somewhat speculative and
requires further empirical validation. Another possibility is that the
fruits and vegetables served as a ‘‘diet cue’’ that prompted the CDs
to adhere to their intentions to restrict.

As stated above, the present pattern of results are in line with
the three-factor model of dieting proposed by Lowe (1993).
According to this model it is hypothesized that CDs are RNDs that
currently consider themselves being too heavy and start dieting,
and stop their rigorous dieting once they have attained a certain
amount of weight-loss, after which they typically regain weight and
enter into a cycle of on-and-off dieting. Recently though, Lowe and
Timko (2004) proposed an alteration of the three-factor model of
dieting, inasmuch that current dieting would not just be a state of
restrained eating, but rather refers to a separate group of people
who have a longer weight-cycling history by going on-and-off
dieting. The present study, however, does not provide any insight
into whether CDs are indeed a specific and separate group as we did
not assess weight-cycling history of the participants.

In sum, the present pattern of results shows that RNDs work
harder for specifically high-caloric foods than UNDs. Evidently, the
relative reinforcing value of snack food is larger for RNDs than for
UNDs, provided that the restrained eater is not currently dieting to
lose weight. This individual difference may underlie the observed
difference between RNDs and UNDs in their tendency to overeat,
which has been found in past preload studies, and explains why
RNDs are generally heavier than UNDs. Initial weight gain may lead
to body weight and shape concerns and as such forms an impetus
for dieting and a weight-cycling history. In this respect, a high
relative reinforcing value of high-caloric food may be an important
risk factor for obesity (see also Saelens & Epstein, 1996). More
research, particularly behavioral economic analysis of individual
differences in food choice such as the present study, may prove to
be beneficial for the development of more efficacious weight-loss
programs (Jeffery et al., 2000). Note that the present pattern of
results concerns behavior within a laboratory setting. It would be
interesting to examine whether a similar pattern can also be
observed outside the laboratory. It must be noted that the current
study used a sample of university students with a restricted age
range, which limits the generalizability of the findings. Moreover,
this study used relatively small cell sizes, especially in the CDs
group. Future investigations should try to replicate these findings
with a larger and more representative sample. Despite these limi-
tations, the current findings may be relevant for understanding
different dieting patterns and overeating.
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