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a b s t r a c t

In experimental studies that investigate reactivity to the sight and smell of highly palatable snack foods,
ad libitum food intake is commonly used as a behavioural outcome measure. However, this measure has
several drawbacks. The current study investigated two intake-related measures not yet validated for food
cue exposure research involving common snack foods: prospective portion size and latency to eat. We
aimed to validate these measures by assessing prospective portion size and eating latencies in female
undergraduate students who either underwent snack food exposure or a control exposure. Furthermore,
we correlated prospective portion size and latency to eat with commonly used measures of food cue
reactivity, i.e., self-reported desire to eat, salivation, and ad libitum food intake. Results showed increases
in prospective portion size after food cue exposure but not after control exposure. Latency to eat did not
differ between the two conditions. Prospective portion size correlated positively with desire to eat and
food intake, and negatively with latency to eat. Latency to eat was also negatively correlated with desire
to eat and food intake. It is concluded that the current study provides initial evidence for the prospective
portion size task as a valid measure of reactivity to snack foods in a Dutch female and mostly healthy
weight student population.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Exposure to the sensory properties of palatable foods (e.g., their
sight and smell) stimulates appetitive responses, including a
heightened desire to eat as well as ‘cephalic phase’ responses that
serve to prepare an organism for the digestion and metabolism of
food (Nederkoorn, Smulders, & Jansen, 2000; Power & Schulkin,
2008). Collectively, responses to food cues are termed food cue
reactivity, and it is thought that this reactivity stimulates food
intake (Boswell & Kober, 2016; Jansen, 1998; Jansen, Havermans, &
Nederkoorn, 2011). This behavioural consequence of food cue
exposure is important given that overeating is amain contributor to
obesity.

To measure food intake after food cue exposure, experimental
studies commonly use an ad libitum food intake test (often pre-
sented as a ‘taste test’), in which participants are presented with
htuniversity.nl (K. van den Akker),
anuscript.
generously filled bowls containing snack foods of which partici-
pants can eat as much as they like. However, assessing behavioural
reactivity to snack food exposure this way has some limitations.
First, it has been argued that the presence of the sight, smell, and
taste of food during an ad libitum food intake test is a strong form of
cue exposure in itself, which may diminish the differences between
the cued (i.e., exposure to food cues) and control (i.e., exposure to
neutral objects) conditions (Tetley, Brunstrom, & Griffiths, 2009,
2010). This could explain why several studies failed to find
increased intake after food cue exposure compared to a control
condition (Larsen, Hermans, & Engels, 2012; Nederkoorn & Jansen,
2002; Zoon, He, de Wijk, de Graaf, & Boesveldt, 2014). Second,
while ad libitum food intake induces satiation, it can arguably only
be assessed once during an experimental session and after the
other outcome measures have been administered. As a result, no
baseline or repeated measures can be obtained, reducing power
peggy.bongers@maastrichtuniversity.nl (P. Bongers).
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and limiting its applicability. Third, it can be questioned whether
the “unlimited” amount of food in a typical ad libitum intake test
accurately reflects most instances of food intake in the natural
environment (Ferriday & Brunstrom, 2008). Finally, laboratory
eating behaviour may be particularly susceptible to participant's
awareness of beingmonitored. In a recentmeta-analysis (Robinson,
Hardman, Halford, & Jones, 2015), it was shown that in healthy-
weight females (a commonly used sample in eating research)
both belief and knowledge of observation of their eating behaviour
reduced food intake in the laboratory.

It has been proposed that an important determinant of food
intake within one eating occasion is the amount of food one plans
to eat (Brunstrom, 2011; 2014), for example by influencing the
amount of food that one prepares and serves. This pre-meal plan-
ning of portion sizes has previously been assessed in experiments
using a computerized task (the prospective portion size task or
PPST; e.g., Ferriday & Brunstrom, 2008; Holliday, Batey, Eves, &
Blannin, 2014; Wilkinson et al., 2012), in which participants can
adjust the amount of food they wish to eat on a virtual plate. Unlike
an ad libitum food intake test, the PPST does not induce satiation
(allowing for its repeated administration), and its assessment may
not elicit as much cue reactivity (potentially increasing its sensi-
tivity). In support of its validity in food cue reactivity paradigms,
several prior studies have demonstrated increases in prospective
portion sizes of a cued food after exposure to its sight and smell
(Ferriday & Brunstrom, 2008, 2011; Tetley, Brunstrom, & Griffiths,
2010). However, the cued food in these studies was restricted to
pizza. To our knowledge, it has never been studied whether pro-
spective portion size of common snack foods increases after snack
food exposure, even though food cue reactivity studies very often
involve exposure to high-calorie snack foods, as this is the type of
food obese individuals and dieters usually struggle to refrain from
eating. Therefore, validating the PPST involving snack foods in food
cue reactivity paradigms is of importance.

Exposure to food cues likely increases food intake not only
through increasing the size of eaten meals and snacks but also by
promoting their initiation (e.g., Ferriday & Brunstrom, 2011).
Although this might seem common sense, very few human studies
have examined this possibility. Several conditioning studies in rats
and one study in humans have found that exposure to food-
associated stimuli prompts a shorter latency to initiate eating
when presented with the opportunity to consume the cued foods
(Birch, McPhee, Sullivan, & Johnson, 1989; Weingarten, 1983).
However, to the authors’ knowledge, this has not yet been exam-
ined in a food cue reactivity paradigm. Eating latency may also
reflect a relatively unobtrusive measure of food cue reactivity, as
participants may be more likely to be unaware of their eating
initiation to be monitored than their actual food intake.

In sum, the PPST and eating initiation might both reflect
ecologically valid intake-related measures in food cue reactivity
paradigms that can provide insight into important aspects of cue-
elicited eating and that may overcome some of the limitations of
the ad libitum food intake tests. In the current study we aimed to
validate the cue-elicited prospective portion size of snack foods and
eating initiation by (1) assessing prospective portion size and la-
tency to eat in response to food cue-exposure vs. control exposure,
and by (2) correlating PPSTand latency scores with commonly used
measures in food cue reactivity paradigms (desire to eat, salivation,
and ad libitum food intake). We hypothesized that prospective
portion size in the cue-exposure condition is increased and that
food cue exposed participants start eating more quickly, relative to
participants in the control condition. In addition, positive correla-
tions between prospective portion size and desire to eat, salivation
and actual food intake were expected, and negative correlations
between these measures and eating latency.
2. Methods

2.1. Participants

Fifty-three female undergraduate students between 18 and 26
years old (M ¼ 20.38, SD ¼ 2.07) participated in the study in return
for course credit or a V 5 gift voucher. Participants were recruited
through flyers put up in the university building. The flyers adver-
tised the cover story of the study, which was the influence of
sensory processes on perception. After signing up, participants
answered some questions to check for eligibility for the study (i.e.,
female undergraduate students between the age of 18 and 30 with
no food allergies). In addition, they were instructed to eat some-
thing small (e.g., an apple or a sandwich) 2 h before participating,
but to refrain from eating thereafter. The studywas approved by the
Ethics Committee of the Faculty of Psychology and Neuroscience of
Maastricht University.

2.2. Measures

2.2.1. Food selection
After signing up for the study, participants received an email in

which they were given a list of 8 well-known and generally liked
snack foods. They were asked to select their top three of these foods
and rank these according to their preference. For each participant,
their personal most-preferred food was used throughout the study
i.e., if a participant rated milk chocolate as her most favourite food,
the PPST, cue exposure, and the taste test were all conducted with
milk chocolate. All foods and the frequency with which they were
selected in each condition are displayed in Table 1. Participants
were instructed not to consume this food in the 24 h before
participating.

2.2.2. Cue exposure manipulation
Participants were randomly assigned to either the experimental

(n ¼ 27) or the control (n ¼ 26) condition. In the experimental
condition, participants were instructed to smell their personally
preferred food for 2 min. They were told they could look at it, smell
it, and touch it, but were not allowed to eat it. Seeing and smelling
palatable food has been shown to be an effective way to induce cue
reactivity (Boswell & Kober, 2016). In the control condition, par-
ticipants smelled small scented soaps for the same amount of time.

2.2.3. Prospective Portion Size Task (PPST)
A new PPST was designed as a measure of intended snack food

intake. Our PPST is based on the original PPST of Ferriday and
Brunstrom (2008) but includes a diverse range of snack foods
(see Table 1). In the current study, participants performed the PPST
with their highest ranked snack food. Participants are presented
with an empty bowl in the middle of a computer screen and they
are instructed to fill the bowl with the amount of food they would
like to eat at that moment. Pieces of food can be added one-by-one
using a slider, and the task is programmed in such a way that it
looks ‘animated’. To help participants make accurate judgments
about the size of the bowl, a real bowl that is identical to the one
used in the PPST is placed next to the participant. In addition, the
food package of the cued food is presented on the screen next to the
bowl. This is done to clarify to the participant which exact food was
selected in the task, as participants may vary in their liking of
different brands of a snack. Before the actual task takes place,
participants complete a practice task in which they fill a bowl with
purple and green cubes. Responses are recorded in pieces of food
(e.g., number of M&Ms that are placed in the bowl) which are later
converted to kcal. The task was designed in Unity and screenshots
are presented in Fig. 1.



Table 1
The different types of food available in the study and the frequency with which they were selected per condition.

Food Experimental condition Control condition

Milk chocolate (Cote D’Or) 3 4
Milk chocolate with hazelnuts (Cote D’Or) 5 2
Dark Chocolate (Cote D’Or) 5 4
Chocolate M&M's (Mars Inc.) 3 3
Peanut M&M's (Mars Inc.) 5 8
Salty crisps (Lay's) 0 2
Paprika crisps (Lay's) 4 2
Cocktail nuts (Duyvis) 1 1

Energy value per 100 g of each food: Milk chocolate, 535 kcal; Milk chocolate with hazelnuts, 560 kcal; Dark chocolate, 530 kcal; Chocolate
M&M's, 468 kcal; Peanut M&M's, 512 kcal; Salty crisps, 541 kcal; Paprika crisps, 531 kcal; Cocktail nuts, 578 kcal.

Fig. 1. Screenshots of the Prospective Portion Size Task, showing (from top left to bottom right) chocolate M&M's, milk chocolate, paprika-flavoured crisps, and cocktail nuts.
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2.2.4. Hunger
Hunger was measured on a 100 mm Visual Analogue Scale

(VAS). The question read ‘how hungry are you at this moment?’ and
the scale ranged from 0 ‘not hungry at all’ to 100 ‘extremely
hungry’.
2.2.5. Desire to eat
Desire to eat was measured on a 100 mm VAS scale. The ques-

tion was adjusted to the preferred food of the participant, so that it
read ‘how much would you like to eat chocolate/crisps/cocktail
nuts/M&Ms (depending on what type of food they had chosen as
their preferred food) right now?’ The scale ranged from 0 ‘not at all’
to 100 ‘extremely’.
2.2.6. Salivation
Pre-weighed cotton rolls (Hartmann no. 2) were used to
measure salivation (Nederkoorn et al., 2000; Peck, 1959). Partici-
pants were instructed to put three cotton rolls in their mouth for
precisely 1 min. Two cotton rolls were placed in the left and right
side of the mouth, between the cheek and lower gums. A third
smaller cotton role was placed underneath the tongue. The amount
of salivation is reported in grams and was calculated by subtracting
the original weight of the cotton rolls from their final weight.
2.2.7. Food intake
Participants were presented with a generously filled pre-

weighed bowl with their preferred food (i.e., the same food as
used for exposure in the experimental condition). Bowls contained
on average 417.32 g of M&M's, 82.28 g of crisps, 287.81 g of cocktail
nuts, and 181.40 g of chocolate. Participants were told that they
received this as a small thank-you for participation and that they
could eat asmuch as theywantedwhilewatching a 10-min TED talk



Table 2
Means and standard deviations of participant characteristics per condition.

Experimental
condition (n ¼ 26)

Control condition
(n ¼ 26)

M SD M SD

Age 20.38 1.86 20.38 2.30
BMI 22.49 2.34 22.83 2.94
Hunger 61.04 21.64 58.27 21.16
External eating 3.38 0.47 3.39 0.47
Dietary restraint 2.76 0.73 2.88 0.68
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(Elora Hardy e Magical houses, made of bamboo). No mention of
food intake during the study had been made prior to this presen-
tation of the food. To enhance believability of the cover story,
participants filled out a short bogus questionnaire containing 7
questions on the participant's opinion of the TED talk. These items
were completed after the video ended. None of the participants
consumed all of the presented food.

2.2.8. Latency to eating
Participants were unobtrusively filmed during the experiment,

in order to assess latency to eating. Films were viewed by two in-
dependent raters (PB and IH), who timed the duration (in seconds)
from the moment the experimenter left the room until the
participant first reached for the bowl. The ratings were perfectly
correlated (r > 0.99, p < 0.001) and the ratings of rater 1 (PB) were
used for analyses.

2.2.9. External eating and dietary restraint
Two subscales of the Dutch Eating Behaviour Questionnaire

(DEBQ; Van Strien, 2005) were used tomeasure external eating and
dietary restraint. These measures were included to check for
random differences between groups, as they have been identified
as predictors of desire to eat and food intake after exposure in
earlier studies (see for example Burton, Smit, & Lightowler, 2007;
Fedoroff, Polivy, & Herman, 1997). Both subscales consist of 10
items which are scored on a 5-point Likert scale ranging from
‘never’ to ‘very often’. Example items are ‘If you see others eating,
do you also feel the desire to eat?’ (external eating) and ‘When you
have eaten too much, do you eat less than usual in the next few
days?’ (dietary restraint).

2.2.10. General questionnaire
The general questionnaire consisted of questions regarding age,

adherence to eating instructions, and hypothesis awareness (‘What
do you think we investigated in this study?’).

2.2.11. Height and weight
Height and weight were measured using a stadiometer (Seca)

and a digital weighing scale. Participants wore light clothing but no
shoes.

2.3. Procedure

Participants were tested individually between 11am and 5pm.
Upon arriving in the lab, the participant was informed of the
alleged aim of the study (i.e., investigating the influence of sensory
processes on perception) and filled out an informed consent form.
This was followed by the baseline saliva measurement and filling
out the hunger VAS. Next, the participant filled out the VAS for
desire to eat and performed the baseline PPST. After completion of
the baseline measurements, cue exposure with the preferred food
(experimental condition) or scented soaps (control condition) took
place. Participants were instructed that they were going to smell
either food or soaps for 2 min. After 1 min of exposure, the
participant again rated her desire to eat. After 2 min, the post-saliva
measurement was completed. In addition, she rated her desire to
eat and performed the post-exposure PPST. For the desire ratings
and PPST at baseline and after exposure, half of the participants
always started with the desire ratings while the other half started
with the PPST. The participant was then told that she was going to
watch a short TED talk, and that she would receive questions about
howmuch she enjoyed it afterwards. She was also presented with a
bowl of her preferred food, ostensibly as a small token of appreci-
ation for participating in the study, and told that she was free to eat
from it as much as shewanted to. After the TED talk, the participant
filled out a short questionnaire regarding the talk, the DEBQ and the
general questionnaire. She was then measured and weighed and
received her reimbursement. Finally, she was debriefed about the
video recording and asked for her permission to use the data. Full
debriefing took place via email after data collectionwas completed.

2.4. Statistical analyses

One participant was excluded from all analyses because she had
chosen a food that she was allergic to. Data on desire to eat was
missing for one participant. For four participants, there was no data
on latency to eat. Because one item of the external eating subscale
in our English version of the DEBQ was ambiguously formulated,
external eating scores were calculated using the remaining 9 items.

A one-way ANOVA was used to check for baseline differences
between groups, as well as for differences in latency to eat and food
intake. For the analysis of eating desires, a 2 (condition: experi-
mental vs. control) X 3 (time: baseline vs. during exposure vs. after
exposure) mixed ANOVA was conducted. For PPST and salivation, 2
(condition: experimental vs. control) X 2 (baseline vs. after expo-
sure) mixed ANOVAswere carried out. Significant interactions were
followed up by analyses of simple effects. Pearson correlation co-
efficients were computed to establish associations between (cue-
elicited and/or post measures of) PPST, desire to eat, salivation,
latency to eat, and food intake. Correlations within cue-elicited and
within post-measures of cue reactivity were both examined
because they both provide important but also somewhat different
information; correlations among difference scores can provide in-
formation about whether cue-elicited changes in different mea-
sures of cue reactivity co-occur, and correlations among post-
measures provide information about more general relationships
between the different outcome measures including responding not
elicited by the cues.

3. Results

3.1. Participant characteristics

3.1.1. Group differences
Participants in the two conditions did not differ on age, BMI,

hunger, external eating, or dietary restraint, all Fs < 1, all ps > 0.53.
Means and standard deviations of these variables are provided in
Table 2.

3.1.2. Awareness of hypotheses
Eighteen participants (10 experimental, 8 control; c2(1) ¼ 0.34,

p ¼ 0.56) guessed that the study revolved around the relationship
between smelling food and eating desires or smelling food and food
intake. None of the participants were aware of the latency to eat
measurement or the aim of the PPST. Analyses were conducted
both with inclusion and exclusion of the aware participants. With
the exception of some of the correlations (see the section on
Correlations below) results remained the same in both analyses.
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Therefore, analyses on the full sample are reported.

3.2. Replication of findings on established cue reactivity measures

3.2.1. Desire to eat
The 2 � 3 mixed ANOVA on desire to eat revealed a significant

Condition � Time interaction, F(1.50, 73.47) ¼ 24.34, p < 0.001,
indicating differential desire ratings over time for the two condi-
tions. Follow-up simple effects analysis showed an increase in
desire for the experimental group (baseline,M¼ 55.85, SD¼ 19.63;
during exposure,M ¼ 69.69, SD ¼ 15.21; post-exposure,M ¼ 68.38,
SD ¼ 16.94; F(2, 98) ¼ 18.56, p < 0.001), and a decrease in the
control group (baseline, M ¼ 61.92, SD ¼ 22.59; during exposure,
M ¼ 52.48, SD ¼ 21.59; post-exposure, M ¼ 54.92, SD ¼ 20.94; F(2,
98) ¼ 7.33, p ¼ 0.001). Results are displayed in Fig. 2.

3.2.2. Salivation
The 2 � 2 mixed ANOVA on salivation showed no interaction,

F(1, 50) ¼ 1.95, p ¼ 0.17. In addition, there were no significant main
effects for Condition, F(1, 50) ¼ 0.21, p ¼ 0.65 or Time, F(1,
50) ¼ 0.81, p ¼ 0.37. Thus, the two conditions did not differ in their
salivation levels, nor did salivation change from baseline to post-
exposure for either the experimental (baseline, M ¼ 0.91 g,
SD ¼ 0.62; post-exposure, M ¼ 0.94 g, SD ¼ 0.65) or control group
(baseline, M ¼ 1.06 g, SD ¼ 0.55; post-exposure, M ¼ 0.94 g,
SD ¼ 0.58).

3.2.3. Food intake
The conditions did not differ in their actual food intake

(experimental, M ¼ 186.33 kcal, SD ¼ 96.35, control,
M ¼ 221.61 kcal, SD ¼ 126.38; F(1, 50) ¼ 1.28, p ¼ 0.26).

3.3. Prospective Portion Size Task

For the PPST, the 2 � 2 mixed ANOVA showed a significant
Condition � Time interaction, F(1, 50) ¼ 7.10, p ¼ 0.01. Follow-up
simple effects analysis demonstrated that whereas the control
group did not change in prospective portion size from baseline
(M ¼ 493.15, SD ¼ 371.38) to post-exposure (M ¼ 468.93,
SD ¼ 377.96), F(1, 50) ¼ 0.35, p ¼ 0.56, participants in the experi-
mental group showed a significant increase (baseline, M ¼ 404.70,
SD ¼ 380.42; post-exposure, M ¼ 535.55, SD ¼ 440.06),
F(1,50) ¼ 10.11, p ¼ 0.003. Differences between conditions at
baseline, F(1, 50) ¼ 0.72, p ¼ 0.40, and post-exposure, F(1,
50)¼ 0.34, p¼ 0.56were not significant. Results are shown in Fig. 3.
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3.4. Latency to eating

The experimental and control groups did not significantly differ
on their latency to start eating (experimental, M ¼ 24.29 s,
SD¼ 40.14, control,M¼ 28.34, SD¼ 38.04; F(1, 47)¼ 0.13, p¼ 0.72).
3.5. Correlations

Pearson's correlations between all measures were calculated
using difference scores (post exposure e pre exposure) as well as
post-exposure scores for desire to eat, salivation, and PPST, and
post-exposure scores only for ad libitum intake and eating latency.
With regard to the difference scores, there was a significant cor-
relation between change in PPSTand change in desire to eat. For the
post-measures, there were significant correlations between the
post-measure of the PPST on the one hand and desire to eat, food
intake, and latency to eat on the other hand. In addition, therewas a
marginally significant correlation between prospective portion size
and salivation at the post-measure. Post-exposure desire to eat was
negatively correlated with latency to eat. Furthermore, a significant
negative association between intake and latency to eat was
observed. Therewere no significant correlations between salivation
and any of the other measures, nor between desire to eat and food
intake. All correlations are displayed in Table 3. When eighteen
participants who were largely aware of the hypotheses were
excluded from the analyses, the correlations with latency to eat
Table 3
Correlations between all cue reactivity measures using difference-scores (top half)
and post-exposure scores (bottom half) for PPST, desire to eat, and salivation
because of missing data, the total number of participants included in the correla-
tions vary (n ¼ 49e52).

PPST Desire to eat Salivation Food intake Latency to eat

Difference scores
PPST e 0.48** 0.10 0.09 -0.10
Desire to eat e -0.01 -0.19 -0.12
Salivation e -0.22 -0.07
Food intake e -0.35*
Latency to eat e

Post-exposure scores
PPST e 0.36** 0.25# 0.34* -0.30*
Desire to eat e 0.07 0.04 -0.43**
Salivation e 0.07 0.04
Food intake e -0.35*
Latency to eat e

#p ¼ 0.077, *p < 0.05, **p < 0.01.
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became non-significant or borderline significant (PPST post expo-
sure, r ¼ �0.26, p ¼ 0.14; Desire to eat post exposure, r ¼ �0.33,
p ¼ 0.06; Intake, r ¼ �0.25, p ¼ 0.16).

4. Discussion

The aim of the present study was to validate the new snack
food-PPST and eating latency as intake-related measures in a food
cue reactivity paradigm in a Dutch female student population. We
did this by 1) assessing these measures in response to food cue (vs.
neutral cue) exposure, and 2) correlating the measures with
commonly used measures in food cue exposure studies (desire to
eat, salivation, and ad libitum food intake). It was found that self-
reported desire to eat and prospective portion size increased after
food cue exposure vs. control (neutral) exposure. Salivation, ad
libitum food intake and eating latencies were similar after the food
and neutral cue exposure. In addition, correlational analyses indi-
cated that after exposure, larger prospective portion sizes were
associated with shorter eating latencies, and both were positively
associated with stronger self-reported desires to eat, a greater ad
libitum intake, and salivation. Analyses on difference (i.e., post vs.
pre exposure) scores only revealed a significant correlation be-
tween prospective portion size and self-reported desire to eat.

The finding that prospective portion size of snacks foods in-
creases in response to food cue exposure suggests that it could be a
sensitive measure of reactivity to snack foods. This is consistent
with previous studies that found increased prospective portion
sizes of pizza after pizza exposure (Ferriday & Brunstrom, 2008,
2011; Tetley et al., 2009, 2010; but see), and suggests that the
PPST's sensitivity to food cue exposure extends to common snack
foods. Further, post-measures of prospective portion size correlated
with the other two behavioural measures that were examined
(latency to eat and actual intake), with desire to eat, and (margin-
ally significant) with salivation, though when analysing difference
scores (controlling for responding not elicited by the cues), only the
correlation with eating desires remained significant. Overall, these
data provide initial evidence for this new snack version of the PPST
to have concurrent validity. In addition, it is likely that the appli-
cation of the current snack food PPST is not limited to food cue
reactivity paradigms; it seems plausible to assume that it can
function as more general measure of appetite (see e.g., Holliday
et al., 2014; Wilkinson et al., 2012). Of note, prospective portion
size in the current study was, on average, larger than actual food
intake (approximately 300 kcal). It may be that participants expe-
rienced a difficulty to estimate exact portion sizes in the PPST
(despite efforts to help them do so), or that this reflects a reluctance
to eat large amounts of food in the laboratory. Nevertheless, it is
thought that prospective portion size reflects an important aspect
of real-life eating behaviour due to its role in serving size selection
(Brunstrom, 2011).

Although participants were not quicker to start eating after food
cue exposure, shorter eating latencies were related to a greater
desire to eat, larger total food intake, and increased prospective
portion size e though again, regarding analyses on difference
scores, only the correlation with intake remained significant. These
findings suggest that eating latency is not sensitive to food cue
exposure but may be (at least) a correlate of appetite and food cue
reactivity. The absence of group differences is surprising: given that
conditioned food cues are able to facilitate eating initiation in rats
and humans (Birch et al., 1989; Weingarten, 1983), it seems likely
that exposure to well-established food cues should have a similar
effect. Future studies might consider slight adaptations in the study
design to increase the sensitivity of this measure. For example, one
could speculate that it may be beneficial not to place the food
directly in front of participants but making it less easily accessible
(e.g., placing the bowl further away): cue-exposed individuals
might be more willing to obtain less easily accessible food more
readily compared to individuals not exposed to food cues. This may
have the added benefit of reflecting more closely how eating is
usually initiated in the natural environment. Of note, after
repeating the analyses without hypotheses-aware participants, the
correlations with latency to eat remained moderate but were no
longer significant. As none of the participants were aware of our
latency to eat measurement, it seems unlikely that the significant
correlations in the full sample are explained by demand charac-
teristics. Instead, it may be more plausible that the differences are
primarily due to the smaller sample size (34 as opposed to 52
participants).

Although increases in salivation and food intake after food cue
exposure have been reported previously (e.g., Bulik, Lawson, &
Carter, 1996; Ferriday & Brunstrom, 2008; Nederkoorn et al.,
2000), we did not find such increases despite evidence of suc-
cessful elicitation of cue reactivity in other measures (desire to eat
and prospective portion size). It could be argued that our findings of
cue reactivity on subjective e but not objective e measures are a
sign of socially desirable answering of the participants. However, as
results remained largely similar after exclusion of hypothesis-
aware participants, and more “objective” measures such as intake
have also been shown to be vulnerable to demand characteristics
(Robinson et al., 2015), this explanation may not be very likely.
Further, this is not the first study failing to find effects of food cue
exposure on salivation and/or food intake in healthy participants
despite e.g. increases in subjective motivation (e.g., Ferriday &
Brunstrom, 2011; Larsen et al., 2012; Nederkoorn & Jansen, 2002;
Overduin & Jansen, 1996). This (possible) disconcordance be-
tween different cue reactivity measures may not be very surprising
given that different response systems are known to be involved in
responding to food-associated cues (Delamater& Oakeshott, 2007),
and the fact that correlations between the different reactivity
measures were not always present might also be consistent with
this. Alternatively, salivation and ad libitum food intake may pro-
vide less sensitive measures in food cue reactivity paradigms than
eating desires and prospective portion size. Future studies may
wish to further investigate the specific circumstances under which
food intake and salivation increase after cue exposure.

Given that the prospective portion size and latency to eat
measures correlated only moderately (or not at all) with ad libitum
food intake, one might argue that these measures are not very valid
indices of actual eating behaviour. As outlined in the Introduction, it
may be that the two intake-related measures that we aimed to
investigate (prospective portion size and latency to eat) actually
assess somewhat different aspects of eating behaviour that are not
(entirely) captured by ad libitum intake tests, but that are never-
theless important. More specifically, prospective portion size in-
cludes pre-meal planning of portion size, which is thought to reflect
an important determinant of real-life eating behaviour. Quicker
eating latencies may theoretically translate to a more frequent
initiation of intake by prompting an individual to engage in eating,
potentially resulting in increased daily food intake even in the
absence of larger intakes within onemeal. Thus, eating behaviour is
likely more complex than what is assessed during an ad libitum
intake test, and assuming that the different intake-related mea-
sures indeed reflect partly different but important aspects of eating
behaviour, it might be a good idea to measure multiple indices of
intake-related behaviour in future studies.

There are some methodological issues that warrant further
discussion, specifically with regard to our food intake measure.
First, it could be argued that participants ate because of distraction
during the video and that showing effects of cue exposure on top of
this might be difficult. Although this is certainly possible, the choice
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of a taste test while watching a video is not unprecedented
(Bongers, Jansen, Houben, & Roefs, 2013; Sheppard-Sawyer,
McNally, & Harnden Fischer, 2000) and was a conscious one as a
traditional taste test with a focus on taste, smell and texture of food
could also overshadow other effects. For instance, in such tradi-
tional taste tests participants are likely to follow instructions (and
hence, start tasting) immediately, which would compromise our
latency to eat measure. Unfortunately, no studies have investigated
potential differences in sensitivity of different intake tests. Second,
the order of cue reactivity measures was not counterbalanced,
raising the question whether the absence of effects on the intake
measure could be due to order effects. It is indeed possible that food
cue exposure effects diminish after a fewminutes. However, due to
the satiety-inducing nature of a taste test it is very common to save
food intake for the end of the cue reactivity protocol, and several
(but not all) prior studies have found greater cue-elicited food
intake after other measures were administered (see for example
Fedoroff et al., 1997; Ferriday & Brunstrom, 2008).

A few limitations of the present study may also be noted. Some
of the analyses were underpowered (e.g., between-group differ-
ences in food intake), and hence, the present findings should be
interpreted with caution and merit replication. Further, since the
current study sample consisted primarily of Dutch female students
of primarily healthy weight, the generalizability of the findings to
other populations has yet to be established. Thus, while this study
made a start at testing the validity of two intake-related measures
to assess cue reactivity to snack foods, future studies should include
larger samples to strengthen the conclusions drawn from the cur-
rent data. In addition, such studies should include more varied
samples (e.g., males, healthy adults of all ages, overweight or obese
individuals) in order to generalize results to other populations and
not restrict them to healthy female students.

In sum, it is concluded that the new snack food-PPST has po-
tential to be a good measure for food cue reactivity, whereas the
usefulness of eating latency as a measure awaits further
investigation.
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