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a b s t r a c t
Human eating behavior may be inﬂuenced non-homeostatically by the rewarding value of foods, i.e. ‘liking’
(pleasure/palatability) and ‘wanting’ (incentive motivation). The objectives of this study were to validate a
computer test for assessment of rewarding value of food, and to assess how rewarding value of food is
affected by eating a dessert-speciﬁc (chocolate mousse, CM) vs. dessert non-speciﬁc, neutral food item
(cottage cheese, CC). Seventy-three subjects (47f/26m, age 27.8 ± 10.0 y, BMI 24.1 ± 3.3kg/m2), studied in
a randomized cross-over design, came to the university twice, fasted. A computer test was developed to
determine rewarding value, i.e. ‘liking’ and ‘wanting’, for 72 items divided in six categories (bread, ﬁlling,
drinks, dessert, sweets, stationery). ‘Liking’ was measured by indicating relative preference of paired items
(within/between categories), ‘wanting’ by working to earn items to choose from. Subjects completed the
computer test before and after consumption of CM/CC, matched for energy content (5.6 kJ/g) and daily
energy requirements (10%). ‘Liking’ and ‘wanting’ scores of all fasted subjects on the two test-days showed
62–73% reproducibility. CM was liked more than CC (p b 0.001). Consumption of CM decreased ‘wanting’ for
bread, ﬁlling, drinks and dessert (p b 0.03). Consumption of CC decreased ‘wanting’ for bread only (p b 0.05).
Contrary to CC, CM decreased relative ‘liking’ for the dessert category (p b 0.001). In conclusion, the computer
test for measurement of ‘liking’ and ‘wanting’ is sufﬁciently valid. Eating a highly liked food item induces a
more distinct decrease in ‘wanting’ for food items in general and category-speciﬁc ‘liking’, than eating a
sufﬁciently liked neutral food item.
© 2009 Elsevier Inc. All rights reserved.

1. Introduction
Human eating behavior is not solely regulated by homeostatic
mechanisms but also by non-homeostatic mechanisms such as the
food reward system. Unraveling this reward system may help us
understand the factors that inﬂuence the excessive food intake associated with obesity [1–3].
According to the incentive salience theory it is hypothesized that
the process of reward consists of two components, i.e. ‘liking’ and
‘wanting’ [4]. ‘Liking’ is the hedonic or affective component and refers
to the pleasure derived from oro-sensory stimulation of food [5,6].
‘Wanting’ is the motivational incentive component and refers to appetite or craving or the motivation to obtain food [1,4–7]. Often ‘liking’
and ‘wanting’ go hand-in-hand: we want what we like and like what
we want [4]. However, humans habitually may select less liked food
items, as for example restrained eaters do: they cognitively restrict
their food intake to loose weight or to prevent weight gain [6,8].
Furthermore, in research on drug addiction a distinction between
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the two components of reward was observed: some drug addicts are
driven to take drugs without liking their effects [9,10]. Moreover,
‘liking’ and ‘wanting’ are thought to be controlled by different brain
mechanisms according to the incentive salience model [7]. Mouse
models showed that the brain mechanism attributed to ‘liking’ involves the neurotransmission of mu-opioid in the nucleus accumbens,
ventral pallidum, parabrachial nucleus, and nucleus of the solitary tract
[1]. The brain mechanism attributed to ‘wanting’ involves the neurotransmission of dopamine in the prefrontal cortex, amygdala, hypothalamus, and projections from the ventral tegmental area to the
nucleus accumbens [1]. Taking the above into account, it is of importance to differentiate between the possible inﬂuence of ‘liking’ and
‘wanting’ on food intake [11].
Recent human studies have observed and characterized the distinction between ‘liking’ and ‘wanting’ [6]. ‘Liking’ was quantiﬁed by either
subjective ratings on visual analog scales or objective measures of facial
affective expressions [3,5,12]. ‘Wanting’ was quantiﬁed by for example
the forced choice methodology whereby food items were presented in
pairs and responded according to which food item was most wanted at
that moment [2,5]. Epstein et al. developed an alternative indirect
measure for motivation by assessing the reinforcing value of food using
progressive schedules of reinforcement [3,13]. The motivation was
expressed as the willingness to work for amounts of a food of choice or
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alternate reinforcers such as money or sedentary activities. According to
the approach of Epstein et al. the reinforcing value of food is associated
with the ‘wanting’ of food [3].
When current methods for measurements of ‘liking’ and ‘wanting’
are applied in humans, culture speciﬁc motivation and reinforcement
may have to be taken into account. This is especially of importance
since distinguishing ‘liking’ from ‘wanting’ seems to be present to a
different extent among cultures [14]. Therefore, a computer-based
method for the assessment of reward, in terms of ‘liking’ and ‘wanting’,
was developed for this study. This method is presently applied to a
Dutch study population and by using the general principles, a broader
application will be possible.
Firstly, the validity, i.e. reproducibility and sensitivity, of the developed computer test for assessment of the rewarding value of food was
tested. Secondly, it was assessed how the rewarding value of a consumed food item possibly affects the rewarding value of any other
food item in general. Unraveling such a relationship may explain the
subject's subsequent food choice and consumption.
2. Methods
2.1. Subjects
Seventy-three Caucasian subjects (47 females, 26 males, age 27.8 ±
10.0 y (mean ± SD, range 18–55 y)) with a BMI of 24.1 ± 3.3 kg/m2
(mean ± SD, range 18.9–30.6 kg/m2) participated in this study. They
were recruited by advertisements in local newspapers and on notice
boards at the university and hospital. The subjects underwent an initial
screening including measurement of body weight and height and
completion of a questionnaire related to health, use of medication,
smoking behavior, alcohol consumption and physical activity. All subjects gave written informed consent by the start of the ﬁrst test day.
The study was approved by the Medical Ethical Committee of the
Maastricht University.
2.2. Study design
The study was conducted in a randomized cross-over design. All
subjects came to the university twice in a fasted state, between 08:00
and 10:00 AM. The test sessions differed only in the presentation of
the test meal: either chocolate mousse or cottage cheese.
After arrival at the university, subjects were seated in the laboratory
and remained seated throughout the experiment. The test session
started by ﬁlling out visual analogue scales (VAS) on appetite. Subsequently the researcher gave the instructions on the computer test
for measurement of ‘liking’ and ‘wanting’. While completing the test,
subjects received further instructions on the computer screen and on a
piece of paper. After completing the computer test, subjects had to
consume the entire test meal. Immediately post-ingestion subjects
ﬁlled out the VAS and completed the computer test again.
2.3. Appetite proﬁle
One hundred unit VAS (mm) were used to assess the appetite
proﬁle. The scales were anchored with ‘not at all’ at one end and
‘extremely’ at the other end, and combined with questions on feelings of hunger, thirst, fullness, satiety, desire to eat, and on ‘liking’,
‘wanting’, creaminess, and fullness of taste of the test meals. Subjects were instructed to make a single vertical mark at the appropriate point between the two anchors on each scale to indicate
their subjective feeling. These VAS were completed in the fasted and
satiated state. Moreover, at the end of both test sessions, subjects
completed VAS on the absolute ‘liking’ of all the items used in the
computer test.
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2.4. ‘Liking’ and ‘wanting’ computer test
A computer test was developed to measure the rewarding value,
i.e. ‘liking’ and ‘wanting’, for 72 items divided in six categories (bread,
ﬁlling, drinks, dessert, sweets, and stationery (non-food alternative
as placebo)), 12 items per category (Appendix Table A1). Those ﬁve
food categories were chosen as they gave the subjects the opportunity to compose a full meal according to their wishes. A usual Dutch
breakfast/lunch consists of bread, ﬁlling and drinks. Above this,
dessert and sweets can be added. Stationery served as non-food
alternative (placebo) in this study. Beforehand, during screening, it
was checked whether all food items were acceptable for the subjects.
The 72 items were presented as photographic stimuli on a computer
screen (13 in. Mac Book, Apple, Cupertino, USA). In a sub-study the
pleasantness of taste of all the food items while tasting them and the
attractiveness of the photographic stimuli were measured by means
of VAS.
The computer test contained two parts, a ‘liking’ and a ‘wanting’
part. Both the ‘liking’ and ‘wanting’ tasks assessed ‘liking’ respectively
‘wanting’ for the same food and stationery items. During the ‘liking’
part, subjects had to indicate their relative preference of paired items
within and between the six categories (Fig. 1A, B). Each choice had to
be made within four s via a mouse click on the preferred item, which
triggered the next pair of items. First, all possible pairs of combinations within each category were presented (N = 6 × 66). The pairs of
items were presented in random order, while the categories were
presented in the following order: bread, ﬁlling, drinks, dessert, sweets
and stationery. This resulted in a relative ranking of ‘liking’ of the
items per category. Next, the items from the different categories
with the corresponding ranking of ‘liking’ were presented in pairs,
in random order (N = 12 × 15). This resulted in a relative ranking of
‘liking’ of the categories.
During the ‘wanting’ part, subjects had to work to earn items by
playing memory games (Fig. 1 C, D). For each category of items subjects played a ﬁve by ﬁve memory game (12 pairs of items). Per
memory game the shufﬂed pairs of items were ﬁrst presented for 10 s,
giving the subjects the opportunity to locate and remember the pairs
of matching items. Next the items were turned over and the subjects
could start ﬁnding the matching pairs by clicking on them using the
computer mouse. Matched pairs remained on the screen, while nonmatched pairs were turned over again. Subjects had two min to solve
the memory game. Each memory game was followed by the indication
of the items subjects wanted to acquire at that moment. The more
pairs of items were found in the memory game, the more randomly
selected items were offered to choose from afterwards, e.g. if eight
pairs of items would be found in the memory game of the sweets
category, then eight randomly selected sweets would be offered to
choose from. Subjects could choose zero, one or two items per category. They were instructed to choose the items while keeping in mind
that all the chosen items would be offered to them and had to be eaten
completely. To proceed to the next category subjects had to ﬁnd at
least two pairs of items per memory game. The categories were presented in the following order: bread, ﬁlling, drinks, dessert, sweets
and stationery. From the drinks category onwards, subjects could
press a stop-button to stop the ‘wanting’ part of the computer test,
indicating that they would not want to work for and earn any other
items. The chosen items obtained a score equal to the number of pairs
of items found in the memory game, representing the motivation or
workload for the chosen items (score range 2–12). Items not chosen
obtained a score of zero. Per category the sum of the scores of the
items was calculated and represented the ‘wanting’ score for each
category. A minimum score of zero and a maximum score of 24 was
obtained per category.
During screening, subjects were asked whether they were able to
play a memory game. All subjects conﬁrmed their ability, there were
no drop-outs. Moreover subjects were asked during screening to
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Fig. 1. Quantiﬁcation of ‘liking’ by indication of the relative preference of paired items, within (A) and between categories (B). Quantiﬁcation of ‘wanting’ by working (playing
memory games (C)) to earn items to choose from (D).

indicate whether they preferred to choose food items from a larger
variety, which they would receive as a ﬁxed amount, or whether they
preferred to choose the amount of food from a ﬁxed menu. In both
cases subjects were asked to assume that the items offered would be
acceptable. Most subjects (76%) preferred food variety to choose from
instead of amount of food. Therefore we decided upon primarily
magnitude of food variety per category as reinforcer and secondarily
meal size represented by the amount of categories worked for.
Software for this computer test was developed using Labview
(National Instruments, Austin, USA) excluding express routines, compiled for 13 in. Mac Book and conﬁgured to run in Kiosk mode for full
control of screen and subject interaction. The software incorporated
conﬁgurable events and timing tables, allowing the researcher to
optimize sequences of events, amount of graphical information and
allotted time for choices and instructions. The software logged all
events, score and time as well as all user interaction. These data were
collected in Excel data sheets. The program used three functions, i.e. a
‘liking’, memory game and ‘wanting’ part. These functions where used
for each food group in programmed sequence.
Tables generated for ‘liking’, i.e. 66 selections for 12 items in a
category, were evenly randomized in sequence as well as for left–right
position on screen. Each item could achieve an initial score of 0–11,
i.e. the count of times the item was preferred over other items in the
group. The ﬁnal score of each item, if the selection was true, was

deﬁned as the sum of the initial scores of non-preferred item, times 10
and offset by ﬁve, i.e. ﬁnal score = sum (if selection true (initial score
of non-preferred item × 10 + 5) else 0). The range of the score was
between 0 and 605 per item in each category and incorporated weight
of preference. The ﬁnal score was then used to re-rank items in 12
positions for cross category comparison with equal ranking items from
the six categories (score range per item 0–125).
Graphical information in the ﬁve by ﬁve item display of the
memory game was also evenly randomized and included a re-seeding
routine for preventing side by side or diagonal combinations. The
software standard forced a blank image in the middle position as the
selected board size was an uneven number. Information gathered for
the memory game included counts of pairs found with and without
prior viewing as well as other details regarding timing, position and
counts of unsuccessful pairs.
2.5. Test meal
The test meal consisted of either chocolate mousse or cottage
cheese (both 0.6 MJ per 100 g; energy % protein/carbohydrate/fat:
21/29/50) and a glass of water (250 mL). The amount of chocolate
mousse or cottage cheese given to the subjects corresponded to 10% of
their daily energy requirements (DER). For each subject the DER were
calculated by multiplying the basal metabolic rate (BMR) by the
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appropriate physical activity factor (1.5–1.8, derived from the screening questionnaire, [15]). The BMR (kcal/day) was calculated according
to the equation of Harris–Benedict [16]. The order of presentation of
the test meal was randomized across the subjects to prevent any order
effects. On average subjects received 1.2 MJ of chocolate mousse or
cottage cheese. The chosen meal size of 10% of DER was based on a
study by Diepvens et al. showing that a breakfast of 1 MJ, or 10% of
subject speciﬁc DER, with a similar macronutrient composition
(energy % protein/carbohydrate/fat: 25/33/42) induced signiﬁcant
changes in hunger and satiety [17].
Chocolate mousse, a dessert-speciﬁc food item and cottage cheese,
a dessert non-speciﬁc, neutral food item, were both part of the dessert
category. These two items were chosen as test meal, as it was expected
that they would differ in rewarding value, chocolate mousse being
more rewarding than cottage cheese. As appeared during screening,
chocolate mousse was mostly described as a delicious food item and
cottage cheese as a healthy food item. Consequently consumption of
the items was expected to exert different effects on the rewarding
value, in terms of ‘liking’ and ‘wanting’, of the consumed food item
itself, the dessert category and possible other categories.
2.6. Validity
The validity of the computer test was determined by assessing
reproducibility and sensitivity. To measure the reproducibility of the
‘liking’ and ‘wanting’ part of the computer test and of the absolute ‘liking’
of all the used items determined by VAS, the percentage reproducibility
was calculated, based on two repeated measures from each individual.
For the ‘liking’ and ‘wanting’ part of the computer test the measures in
the fasted state of test day 1 and test day 2 were compared. The
percentage reproducibility was calculated as the proportion of concordance between the repeated measurements, expressed as percent. A
reproducibility of 60% was accepted as sufﬁcient. The sensitivity of the
computer test was evaluated by the ability of the test to detect
differences in rewarding value of the used items between pre- to postconsumption of chocolate mousse and cottage cheese.
2.7. Statistics
Data were analyzed using StatView 5.0 (SAS Institute Inc., Cary, NC,
USA). Differences between pre- to post-meal were determined using
paired Student's t-tests. Differences over time and between conditions
(chocolate mousse and cottage cheese) were determined using twofactor analysis of variance (ANOVA) with repeated measures. The
Wilcoxon signed-rank test was used to detect differences in the ranking
of ‘liking’ of items within each category between pre- to post-meal. To
analyze which independent variables (hunger, thirst, fullness, satiety,
desire to eat, ‘liking’, creaminess, fullness) predicted the dependent
variables ‘wanting’ for chocolate mousse and ‘wanting’ for cottage
cheese, simple linear regression models were used. To compare the mean
absolute and relative ‘liking’ scores of the food items of all subjects,
measured by VAS and the ‘liking’ part of the computer test, respectively,
a simple linear regression model was used. Both measuring scales were
normalized to 100% ﬁrst.
All tests were two-sided and differences were considered significant at p b 0.05. Values are expressed as mean ± standard error of
the mean (SEM).
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used items determined by VAS, the percentage reproducibility was
76.2 ± 1.2%.
A positive relationship was observed between mean absolute and
relative ‘liking’ scores of the items of all subjects, measured by VAS
and the ‘liking’ part of the computer test, respectively (R2 = 0.63,
p b 0.001). Fig. 2 depicts a scatter plot of the relative ‘liking’ scores as a
function of the absolute ‘liking’ scores distributed about the line of
identity. The scatter plot lies beneath the line of identity, suggesting
although the scores are highly correlated, the absolute ‘liking’ scores
are continuously higher than the relative ‘liking’ scores.
3.2. Appetite proﬁle
High ratings for hunger and desire to eat and low ratings for
fullness and satiety conﬁrmed that subjects were in a fasted state at
the start of both test sessions (Table 1). Both test meals, chocolate
mousse and cottage cheese served with a glass of water, induced a
decrease in hunger, thirst and desire to eat (p b 0.001) and an increase
in fullness and satiety (p b 0.001, Table 1). These results conﬁrmed
that subjects were in a satiated state when they fulﬁlled the second
computer test.
There was a signiﬁcant time by condition (pre-/post-meal × chocolate mousse/cottage cheese) interaction for hunger (p b 0.01), desire to
eat (p b 0.01), fullness (p b 0.01), satiety (p b 0.001) and ‘wanting’
(p = 0.02, Table 1). The difference in hunger, desire to eat, fullness and
satiety pre- to post-consumption was larger in the chocolate mousse
condition than in the cottage cheese condition (p b 0.01). Subjects were
less hungry, had a lower desire to eat and were more full and satiated
after the consumption of chocolate mousse than after the consumption
of cottage cheese (p b 0.001).
Chocolate mousse was liked more than cottage cheese, before as
well as after the consumption of both food items (p b 0.001, Table 1).
The consumption of chocolate mousse induced a decrease in ‘liking’
and ‘wanting’ for chocolate mousse (p b 0.001, Table 1). The consumption of cottage cheese induced a decrease in ‘liking’ and ‘wanting’ for
cottage cheese (p b 0.001, Table 1). The difference in ‘wanting’ for
chocolate mousse or cottage cheese pre- to post-consumption was
larger in the chocolate mousse condition than in the cottage cheese
condition (p b 0.01, Table 1). Chocolate mousse was perceived as more
full of taste than cottage cheese, before and after the consumption of
both food items (p b 0.001, Table 1).

3. Results
3.1. Reproducibility
Based on the computer test measurements for all subjects in a
fasted state on test day 1 and test day 2, the mean percentage of
reproducibility of all subjects was 62.3 ± 0.6% for the ‘liking’ part and
73.3 ± 2.6% for the ‘wanting’ part. For the absolute ‘liking’ of all the

Fig. 2. Scatter plot of the mean relative ‘liking’ scores as a function of the absolute ‘liking’
scores of the 72 items, distributed about the line of identity (x = y). The relative ‘liking’
scores of the 72 items were obtained by means of the ‘liking’ part of the computer test
and the absolute ‘liking’ scores by means of visual analogue scales (mm). Each data
point of the scatter plot represents an individual item.
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Table 1
Mean (± SEM) visual analogue scale ratings (in mm) for hunger, thirst, desire to eat, fullness, satiety, ‘liking’, ‘wanting’, creaminess and fullness of taste, pre- and post-meal
(chocolate mousse, CM; cottage cheese, CC).
CM
Hunger
Thirst
Desire to eat
Fullness
Satiety
‘Liking’
‘Wanting’
Creaminess
Fullness of taste

CC

Pre

Post

pa

Pre

Post

pa

pb time × condition

57.0 ± 2.9
60.5 ± 2.5
59.1 ± 2.8
20.0 ± 2.1
20.3 ± 1.9
67.6 ± 2.9
47.6 ± 3.3
70.2 ± 2.7
78.1 ± 2.3

11.4 ± 1.8
40.7 ± 3.1
13.3 ± 1.9
80.1 ± 2.0
79.0 ± 2.3
57.6 ± 3.3
9.0 ± 1.8
69.0 ± 3.3
75.1 ± 2.8

b.001
b.001
b.001
b.001
b.001
b.001
b.001
n.s.
n.s.

58.6 ± 2.5
61.8 ± 2.0
62.4 ± 2.4
19.1 ± 2.2
21.4 ± 2.2
49.4 ± 2.8
42.6 ± 3.0
65.2 ± 3.0
57.3 ± 3.3

23.9 ± 2.4
38.8 ± 3.1
28.6 ± 2.8
65.7 ± 2.7
63.3 ± 2.7
40.4 ± 3.4
14.1 ± 2.0
69.9 ± 2.9
56.7 ± 3.9

b.001
b.001
b.001
b.001
b.001
b.001
b.001
n.s.
n.s.

.01
n.s.
b .01
b .01
b .001
n.s
.02
n.s.
n.s.

n.s. = non-signiﬁcant.
a
p-value: differences pre- to post-meal (t-test).
b
p-value: time by condition interaction (pre-/post-meal × chocolate mousse/cottage cheese; ANOVA).

Simple linear regression models showed a positive relationship
between pre-meal ‘wanting’ for chocolate mousse and pre-meal ‘liking’
for chocolate mousse (R2 = 0.5, p b 0.001), as well as hunger (R2 = 0.2,
p b 0.001), desire to eat (R2 = 0.2, p b 0.001), creaminess (R2 = 0.2,
p b 0.01) and fullness of taste (R2 = 0.2, p b 0.01). There was a negative
relationship between pre-meal ‘wanting’ for chocolate mousse and premeal satiety (R2 = 0.1, p = 0.02).
In the cottage cheese condition, simple linear regression models
showed a positive relationship between pre-meal ‘wanting’ for cottage
cheese and pre-meal ‘liking’ for cottage cheese (R2 = 0.6, p b 0.001), as
well as hunger (R2 = 0.1, p = 0.02), desire to eat (R2 = 0.1, p b 0.01) and
fullness of taste (R2 = 0.3, p b 0.001).
Post-meal ‘wanting’ for chocolate mousse was positively related to
post-meal ‘liking’ for chocolate mousse (R2 = 0.07, p = 0.03), hunger
(R2 = 0.07, p = 0.02), desire to eat (R2 = 0.2, p b 0.001) and negatively
to post-meal fullness (R2 = 0.1, p b 0.01). Post-meal ‘wanting’ for cottage cheese was positively related to post-meal ‘liking’ for cottage
cheese (R2 = 0.3, p b 0.001) and desire to eat (R2 = 0.1, p b 0.01).
Simple linear regression models showed a positive relationship
between the difference in hunger (R2 = 0.1, p b 0.01) and desire to eat
(R2 = 0.1, p = 0.03) pre- to post-consumption of chocolate mousse as
dependent variables and fullness of taste of chocolate mousse pre-meal
as independent variable. There was a negative relationship between the
difference in fullness pre- to post-consumption of chocolate mousse and
fullness of taste of chocolate mousse pre-meal (R2 = 0.1, p = 0.02). A
positive relationship was detected between the difference in hunger
(R2 = 0.1, p = 0.02) and desire to eat (R2 = 0.1, p = 0.04) pre- to postconsumption of chocolate mousse and ‘liking’ of chocolate mousse pre-

meal. These relationships were not found in the cottage cheese
condition.
3.3. Computer test sensitivity
Results of the computer test for relative ‘liking’ between categories
are shown in Fig. 3. Pre- to post-consumption of chocolate mousse,
a change in the ranking of ‘liking’ of the six categories was observed,
thereby decreasing the dessert category (p b 0.001) and increasing the
placebo, i.e. the stationery category (p b 0.001), and the drinks category
(p b 0.01). Pre- to post-consumption of cottage cheese, a decrease in
the ranking of ‘liking’ of ﬁlling (p b 0.01) and an increase in the ranking
of ‘liking’ of stationery (p b 0.001) and sweets (p b 0.01) was observed.
There was a signiﬁcant inﬂuence of the test meal on ‘liking’ for drinks
(p = 0.01) and dessert (p b 0.001) pre- to post-meal. After consumption
of chocolate mousse compared to consumption of cottage cheese,
the stationery (p = 0.04) and drinks category (p = 0.01) had a higher
ranking of ‘liking’, while the dessert category had a lower ranking of
‘liking’ (p b 0.001).
The ranking of ‘liking’ of the items within each category did not
change signiﬁcantly after consumption of chocolate mousse or cottage
cheese (p N 0.1).
There was no signiﬁcant time by condition (pre-/post-meal × chocolate mousse/cottage cheese) interaction for mean ‘wanting’ for items
from any category (p = 0.2) and also not for ‘wanting’ for items per
category (p ≥ 0.06). The mean ‘wanting’ for items from any category
decreased after consumption of chocolate mousse (p b 0.01) as well as
cottage cheese (p = 0.03).

Fig. 3. Relative ‘liking’ score between categories (mean ± SEM) pre- and post-consumption of chocolate mousse (CMA, CMB) and cottage cheese (CCA, CCB). ⁎p b 0.05.
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Fig. 4. ‘Wanting’ score per category (mean ± SEM) pre- and post-consumption of chocolate mousse (CMA, CMB) and cottage cheese (CCA, CCB). ⁎p b 0.05.

Results of the computer test for ‘wanting’ per category are shown
in Fig. 4. Consumption of chocolate mousse induced a decrease in
‘wanting’ for bread (p b 0.001), ﬁlling (p b 0.001), drinks (p = 0.02) and
dessert (p b 0.01). Consumption of cottage cheese induced a decrease
in ‘wanting’ for bread only (p b 0.05). After consumption of chocolate
mousse ‘wanting’ for bread (p = 0.04) and ﬁlling (p = 0.04) was lower
than after consumption of cottage cheese.
Consumption of chocolate mousse decreased the motivation expressed as workload executed (number of items found in the memory
game) for the bread (p = 0.04) and ﬁlling (p = 0.04) category. Consumption of cottage cheese did not decrease the motivation for any
category. The motivation for the ﬁlling category was lower after consumption of chocolate mousse than after consumption of cottage
cheese (p = 0.04).
The computer test showed a pre- to post-meal decrease in relative
‘liking’ for chocolate mousse by 53%, in relative ‘liking’ for cottage
cheese by 17%, in relative ‘wanting’ for chocolate mousse by 64% and in
relative ‘wanting’ for cottage cheese by 54%. Subjective VAS showed a
pre- to post-meal decrease in ‘liking’ for chocolate mousse by 15%, in
‘liking’ for cottage cheese by 18%, in ‘wanting’ for chocolate mousse by
81% and in ‘wanting’ for cottage cheese by 67%. Both relative and
absolute methods showed to be sensitive in detecting pre- to postmeal differences.
The sub-study showed that the attractiveness of the photographic
stimuli used in the computer test was positively related to the pleasantness of taste of the food items (R2 = 0.5, p b 0.0001, Fig. 5).

induce a more distinct change in ‘liking’ and ‘wanting’ for the different
categories than consumption of cottage cheese. These ﬁndings may be
related to some aspects of the concept of ‘sensory speciﬁc satiety’,
which refers to the temporary decrease in pleasantness of a consumed
food compared with a non-consumed food [18,19]. In our study, consumption of chocolate mousse, a dessert-speciﬁc food item, induced
a stronger decrease in ‘liking’ and ‘wanting’ for the whole band-width
of the dessert category, relative to the other categories, than consumption of cottage cheese.
Previous studies developed and used techniques to assess ‘liking’
and ‘wanting’. Epstein et al. measured subjective estimates of ‘liking’
using VAS [3]. Objective measures of taste reactivity were obtained by
behavioral observation of taste stimuli [3]. The reinforcing value of
food, associated with the concept of ‘wanting’ food, was determined
using the concurrent schedules of reinforcement paradigm [3,13,20].
Subjects completed a computer-generated concurrent schedules task
to earn points that at the end of the task were exchanged for amounts
of a preferred snack food or alternate reinforcers such as sedentary
activities or money. The results showed that the paradigm was sensitive to the effects of food as a reinforcer [13]. In another study by
Epstein et al. on the interaction of food reinforcement and dopamine
genotypes on eating, retesting 20 subjects veriﬁed the reliability of the
test to measure the reinforcing value of food. A test–retest correlation
of 80% was detected [21]. The measurement of ‘wanting’ in our study

4. Discussion
The main objective of this study was to investigate the validity, i.e.
reproducibility and sensitivity, of the developed computer test for
assessment of the rewarding value of food in terms of ‘liking’ and
‘wanting’. The ‘liking’ and ‘wanting’ part of the computer test showed
a reproducibility of 62–73%, still allowing room for variation and
sensitivity. The computer test was sensitive to detect differences in
‘liking’ and ‘wanting’ for the used categories of items between pre- to
post-consumption of chocolate mousse and cottage cheese. Thus, the
validity of this test was shown to be sufﬁcient.
With respect to the ﬁndings using the computer test, consumption
of chocolate mousse and cottage cheese induced an increase in relative
‘liking’, but not in ‘wanting’, for the non-food alternative, i.e. the stationery category. This increase in ‘liking’, but not in ‘wanting’, was also
detected for the drinks category in the chocolate mousse condition and
for the sweets category in the cottage cheese condition. Consumption
of chocolate mousse decreased both ‘liking’ and ‘wanting’ for the
dessert category. This altogether shows a speciﬁc decrease in ‘liking’
for the food category the eaten food belongs to, relative to placebo,
the non-food category. Consumption of chocolate mousse appears to

Fig. 5. Scatter plot of the mean visual analogue scale (VAS) scores (mm) for
pleasantness of taste of the food items as a function of the attractiveness of the
photographic stimuli of the same food items.
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was comparable to the studies of Epstein et al. in that subjects had to
work to gain access to reinforcers as food and stationery as non-food
alternative. The difference is that in our study primarily food variety
and secondarily amount of food were chosen as reinforcers instead of
only amount of food to eat or money to earn. The power of a reinforcer
may be inﬂuenced by culture: in the Dutch culture the amount of food
is a smaller reinforcer than variety to choose from, mainly because in
everyday life people in general prefer freedom of choice above
hoarding [14]. This was also reﬂected in our data: 76% of our subjects
preferred food variety instead of amount of food. In the present study
subjects only received chocolate mousse or cottage cheese, without
choice, yet this standardization was used for validation. In future
studies subjects will have to choose from a small to large variety
of food items and from the number of categories they have worked
for, combining food choice and amount of foods. The chosen food
items will then have to be consumed. The Maastricht Medical Ethical
Committee does not allow introducing money as part of an experiment, since all subjects should get paid equally for participation in
an experiment.
Finlayson et al. developed a computerized tool to measure ‘liking’
and ‘wanting’ [2,5,22]. Explicit ‘liking’ and ‘wanting’ were measured
using VAS combined with the questions “How pleasant would it be to
experience a mouthful of this food now?” and “How much do you want
some of this food now?” Implicit ‘wanting’ was measured by means of a
forced choice paradigm. Stimuli were presented in pairs and subjects
had to respond to according to which food they would most like to eat
at that moment. The implicit ‘wanting’ paradigm was improved by
measuring the reaction time of each choice. This provided a
quantiﬁable measure related to the relative ‘wanting’ for that chosen
food item. Food was the only reinforcer used in this paradigm; there
were no alternate reinforcers. Whether the validity of this computerized tool was tested, is not completely clear. Finlayson et al. indicate
that the forced choice paradigm measures relative behavioral
preference and probably contains an element of ‘liking’. The incorporation of the reaction time measurement in the studies of Finlayson et al.
is an improvement of the paradigm and might give a better indication
of the motivation to obtain a desired food. We used the forced choice
paradigm for the assessment of relative ‘liking’ (preference) instead of
‘wanting’. Our subjects had to indicate their preference of paired items
as a measure of relative ‘liking’. In addition, their ‘liking’ was measured
absolutely by means of subjective VAS. A positive relationship was
found between the scores of both ‘liking’ measures, which indicates
that outcomes were rather stable within subjects, yet absolute ‘liking’
scores were continuously higher than relative ‘liking’ scores. The
difference between absolute and relative ‘liking’ scores is of interest
since it indicates the difference between highly liked but still less liked
items.
The attractiveness of the visual input used in our computer test
was positively related to the pleasantness of taste of the food items.
This indicates that the used photographic stimuli are representative
for the actual taste of the food items and are cues that can predict
‘liking’ and possibly ‘wanting’.
Chocolate mousse, a dessert-speciﬁc food item, was liked more and
perceived as more full of taste than cottage cheese, a dessert nonspeciﬁc and neutral food item. Chocolate mousse induced a larger
decrease in hunger and desire to eat than cottage cheese, although the
offered amount of both food items was isoenergetic. These ﬁndings can
be explained by the higher ‘liking’ and fullness of taste of chocolate
mousse compared with cottage cheese. This is in accordance with
previous research showing that palatability prolongs satiation [23].
Subjective estimates of ‘liking’ and ‘wanting’ for chocolate mousse
and cottage cheese were measured using VAS. In the fasted state,
‘liking’ for chocolate mousse or cottage cheese was the best predictor
for ‘wanting’ for both food items. In the satiated state, ‘wanting’ for
chocolate mousse was predominantly determined by desire to eat
in general, and ‘wanting’ for cottage cheese was determined by ‘liking’

for cottage cheese. These results may implicate that food ‘wanting’ in
the satiated state is predominantly determined non-homeostatically
by ‘liking’ or desire to eat: in the absence of hunger, chocolate mousse
will only be eaten if there is still a desire to eat, while cottage cheese
will only be eaten if it is liked very much.
In summary, the developed computer test for measurement of
reward in terms of ‘liking’ and ‘wanting’ is valid in that it has a
sufﬁcient reproducibility and sensitivity. Consumption of a food item
that is highly liked and perceived as highly full of taste induces a more
distinct decrease in hunger, desire to eat and ‘wanting’ of food items in
general than consumption of a neutral food item. Moreover, only such
a highly liked food item induces a reduction in ranking of its categoryspeciﬁc ‘liking’, relative to other categories.
Thus, the main goal of the current study, which was the validation
of the computer test, appears to have been achieved, and as a methodological contribution this technique seems likely to be useful in
the future.
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Appendix A

Table A1
Description of the 72 items divided in six categories used in this study.
Bread

Filling

Drinks

Dessert

Baguette
Brown bread

Apricot jam
Brie cheese

Apple juice
Buttermilk

Apple
Banana

Brown hard
roll
Brown soft
bread
Cracker

Chocolate paste Carbonated
water
Chocolate
Chocolate
sprinkles
milk
Egg salad
Coca cola

Croissant

Forest fruit jam

Currant bread Fruit sprinkles

Fanta

Pumpernickel Gouda cheese

Fristi (forest
fruit drink
yoghurt)
Milk

White bread

Orange juice

Ham

Sweets

Cigarette
Doritos
(nacho cheese)
Butter
Lay's natural
cookie
chips
Cake
Lay's paprika
chips
Chocolate Liquorish
custard
Chocolate Milk chocolate
mousse
Cottage
Napoleon sour
cheese
bon bons
Forest
fruit
yoghurt
Liege
wafﬂe

Peanuts

TUC
(original)
biscuits
White hard
Peanut butter
Plain water
Marzipan Twix
roll
cake
White soft
Salami
Schweppes
Orange
White
roll
chocolate
Whole wheat Sandwichspread White wine
Vanilla
Wine gums
roll
(alcohol free) custard

Stationery
Blocknote
Marker
Paper
Pen
Pencil
Pencil
eraser
Pritt
correction
Pritt stick

Ruler

Scissors
Sharpener
Tape
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