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Abstract
Objective: Employing Rothschild’s Motivation–Opportunity–Ability framework, the
present study examines the extent to which heterogeneity in barriers regarding the
motivation, the perceived opportunity and the perceived ability to choose
low-calorie over high-calorie snacks is associated with the proportion of low-
calorie snack choices in real life. Furthermore, the study investigates which
dominant barrier profiles can be discerned.
Design: Data were obtained from a survey about participants’ motivation,
opportunity and ability to choose low-calorie over high-calorie snacks and an
FFQ that measured habitual consumption of snack foods and beverages. Data
were analysed using R packages lavaan and NbClust, and IBM SPSS Statistics.
Setting: A representative sample (n 1318) of the Dutch population based on
gender (686 women), age and education level.
Results: For both snack foods and beverages, motivation to choose low-calorie
over high-calorie snacks was associated strongest with proportions of low-calorie
choices. The perceived ability and perceived opportunity were also associated
with proportions of low-calorie choices, albeit to a lesser extent. Furthermore,
three dominant profiles of barriers were identified: the no-barrier profile, the lack-
of-opportunity profile and the lack-of-motivation profile. These profiles differed
significantly on proportions of low-calorie snack choices, daily meal consumption
and sociodemographic characteristics.
Conclusions: Heterogeneity in barriers regarding the motivation, the perceived
opportunity and the perceived ability to choose low-calorie over high-calorie
snacks is associated with the proportion of low-calorie snack choices in real life.
By identifying and appreciating heterogeneity in barriers, the present study
provides further incentives for the tailoring of intervention strategies.
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A worrying rise of overweight and obesity rates, accom-
panied by related chronic and non-communicable
diseases, continues to threaten public health around the
world(1). The origin of overweight and obesity lies
primarily in an imbalance between the intake and the
expenditure of energy(2). During the last decades there has
been an increase in daily eating occasions(3) and therewith
daily energy intake has also increased.

The excess energy intake is primarily a consequence of a
change in snack consumption(3). In the USA, energy intake
through regular meals increased slightly from 1977 to 2006
(8 %), while the energy intake through snacks more than
doubled (130%)(3). Similar trends have been detected in

Europe(4,5). Since energy expenditure decreased only slightly
over the same period(2), the obesity problem is best descri-
bed as an issue of systematic caloric overconsumption(6),
with snacking as an increasingly important contributor.

Literature on the relationship between weight status and
snacking behaviour is inconclusive(7). This can partly be
explained by the fact that weight status is not only influ-
enced by snacking but also by factors such as meal
consumption and physical activity. Furthermore, these fac-
tors are interrelated, as sometimes people eat a snack as
meal replacement or because of some heavy physical
activity. At a methodological level, an additional reason
might be the lack of consensus on the definition of snacking.
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This makes it difficult to establish a relationship, since
conclusions about the association between obesity and
snacking are heavily dependent on how snacks and
snacking behaviour are defined(7,8). The present study
therefore adapts the proposed universal definition of snacks
by Johnson and Anderson(7): everything that is consumed
outside the regular meals (breakfast, lunch and dinner) and
is not a substitute for a meal.

Whether snacking is detrimental to one’s weight status
depends on the caloric values of frequently consumed
snacks. In itself snacking does not necessarily promote
weight gain, because low-calorie snacks that supplement a
balanced and healthy diet are available(9). However, most
foods and drinks that are consumed outside the regular
meals are high in calories(10). To effectively stimulate
low-calorie snacking, insight into the determinants of
choosing snacks that are low in calories over snacks that
are high in calories is crucial.

The present study employs Rothschild’s Motivation–
Opportunity–Ability (MOA) framework(11) and examines the
extent to which heterogeneity in barriers regarding the
motivation, the perceived opportunity and the perceived
ability to choose low-calorie over high-calorie snacks is
associated with the proportion of low-calorie snack choices
in real life. We expect that on a theoretical level the asso-
ciation between barriers and real-life choices is general-
izable across snack categories, even though some research
suggests that differences in barriers for low-calorie choices
within these snack categories might exist(12). To test
generalizability across snack categories, barriers and real-life
choices are assessed separately for snack foods and
beverages. Furthermore, the study investigates whether
subgroups of people with similar barrier profiles can be
found. Identification of dominant barrier profiles enables
tailoring of intervention strategies, which has been shown to
be beneficial for both the acceptance and effectiveness of
interventions(13,14).

Theoretical background

Snack choices are an element of the total spectrum of food
choices. Hence, to gain insight into the determinants of
choosing low-calorie over high-calorie snacks, we build
from the literature on food choices in general. Food
choices are frequent, multifaceted, situational, dynamic
and complex(15), and therefore reasons for choosing
certain foods vary between people. We now provide a
short overview of two categories of behavioural determi-
nants that are important for food choices: individual-level
and environmental determinants.

Several behavioural theories that have been applied to
dietary behaviours, such as the Theory of Planned
Behaviour(16), the Health Belief Model(17) and the Trans-
Theoretical Model(18), recognize evaluations of expected
outcomes of behaviour as key determinants for food

choices. These evaluations, referred to as ‘attitudes’ in the
Theory of Planned Behaviour, can be divided into cogni-
tive and affective attitudes(19). Cognitive attitudes are
evaluations of expected utilitarian outcomes of dietary
behaviours (e.g. ‘I think eating low-calorie snacks is
healthy’), whereas affective attitudes reflect evaluations of
expected hedonic outcomes of choosing certain foods
(e.g. ‘I think eating low-calorie snacks is boring’). When
people’s cognitive and affective attitudes towards choos-
ing certain foods are negative, they will be less likely to
choose these foods(20–22). In addition, the Theory of
Planned Behaviour claims that normative beliefs regarding
dietary behaviour are also important.

Most behavioural theories furthermore acknowledge
that perceptions about having sufficient skills and knowl-
edge to perform a behaviour (Health Belief Model and
Trans-Theoretical Model: ‘self-efficacy’; Theory of Planned
Behaviour: ‘perceived behavioural control’) influence the
likelihood of execution of that behaviour (e.g. ‘I am
confident that I can differentiate between low-calorie and
high-calorie snacks’). When people feel that they lack
these abilities, and thus have a low self-efficacy, they are
less likely to engage in the behaviour(23,24).

In contrast to behavioural theories that highlight
individual-level influences, Social Ecological Models(25)

emphasize environmental factors that drive food choices.
The ANGELO (ANalysis Grid for Elements Linked to
Obesity) framework(26), which has been specifically
designed to conceptualize food-choice environments, dis-
tinguishes between physical, economic and media environ-
ments. For the physical environment, research has shown
that changes in the physical accessibility and availability of
foods have a great impact on food-choice behaviour(27,28).
And although causality is unclear, studies that focused on
people’s perceptions of food-choice environments found
that a higher perceived physical availability of energy-dense
foods is associated with a higher intake of these foods(29–32).
Additionally, food-choice experiments have shown that the
economic environment heavily influences food choices(33,34).
This is in line with research based on interviews and focus
groups, where costs of foods and beverages are often
mentioned as barriers and triggers for consumption(35,36).
Lastly, the association between the media environment and
food choices has often been suggested in scientific literature,
mostly by linking advertising for unhealthy foods to
obesity(37,38). Evidence for the influence of the physical,
economic and media environment on food choices has
accumulated over the past years, thereby implying that
increasing obesity rates are primarily a result of an ‘obeso-
genic environment’ that promotes overeating(39,40).

Summarizing, behavioural theories that have been
applied to dietary behaviours show that both individual-
level and environmental determinants drive food-choice
behaviour. Rothschild’s MOA framework(11) encompasses
the heterogeneity in determinants by stressing the
significance of both individual-level and environmental
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influences on behaviour. The MOA framework integrates
the core concepts of the Theory of Planned Behaviour and
Social Ecological Models, which in combination have been
identified as the most promising models for obesity
prevention(41).

Applied to the food-choice context, the framework
theorizes that when motivation, opportunity and ability for
a certain dietary behaviour are sufficiently present, people
will likely execute the behaviour. A lack of motivation,
opportunity and/or ability, however, functions as a barrier
for behaviour. More specifically, a lack of motivation
results in a resistance to behave, whereas the lack of
opportunity and ability result in an inability to behave.

Rothschild’s MOA framework poses that there is het-
erogeneity in barriers towards desirable behaviour,
i.e. people differ regarding the extent to which they
experience the various barriers. It structures this hetero-
geneity by distinguishing between a total of eight different
profile types based on the presence or absence of barriers
within MOA (Motivation: barrier/no barrier×Opportunity:
barrier/no barrier×Ability: barrier/no barrier). The frame-
work then argues that, depending on the dominant barrier
profiles, intervention strategies based on education (for
Ability-related barriers), marketing (for Opportunity-related
barriers) and/or law (for Motivation-related barriers) should
be used to diminish barriers for behaviour.

The present study consists of two parts. The first part
relates heterogeneity in barriers in motivation, perceived
opportunity and perceived ability to the proportion of low-
calorie snack choices in real life. The second part examines
which and how many of the eight MOA profile types, as
suggested by Rothschild, are most prevalent. Public health
policies greatly benefit from identification of actionable
subgroups with similar barrier characteristics, as providing
tailored interventions to each individual is infeasible. By
identifying these dominant MOA profiles, recommenda-
tions regarding intervention strategies can be made.

Methods

Procedure and sample
An online survey, comprising of two waves, was
conducted. Wave 1 was divided into two parts (presented
in a random order): one part focused on individuals’
motivation, opportunity and ability to choose low-calorie
over high-calorie snack foods, while the other part
focused on beverages. During the instructions of Wave 1,
respondents were given the following information:
‘Low-calorie snacks contain relatively few calories. For
instance fruits and rice waffles/water and light soft drinks.
High-calorie snacks contain relatively many calories. For
instance crisps and pie/chocolate milk and regular soft
drinks’. Four weeks later the second wave of data was
collected, which consisted of an FFQ specifically aimed at
snack foods and beverages. Both in the first and second

wave respondents were instructed to think of snacks as
being ‘all foods and beverages that are consumed outside
breakfast, lunch and dinner’. Splitting up the data
collection into two waves was done to prevent respondent
burden and the four-week intermission was employed to
minimize consistency bias.

Data were collected in the Netherlands by the commercial
marketing research agency GfK. GfK provided a repre-
sentative sample of the Dutch population based on gender,
age and education level, which was recruited from the GfK
Online Panel. The incentive to participate was a number of
‘GfK points’ for which coupons can be ordered (equivalent
to about 5 €). Of the 1573 respondents who completed
Wave 1, a total of 1318 completed Wave 2. Response rates
were 70% and 84%, respectively. Characteristics of these
1318 respondents are summarized in Table 1.

Measures

Motivation, opportunity and ability to choose low-calorie
over high-calorie snacks
Because the MOA framework itself does not dictate how
the MOA constructs should be measured, we used and
adapted scales from existing scales from the behavioural
theories(42,43) as much as possible. When appropriate
scales were lacking, we constructed them on the basis of
previous qualitative research(13,44). A complete list of items
is provided in the online supplementary material.

For measuring Motivation, participants’ attitudes, per-
sonal norms and social norms towards choosing low-
calorie over high-calorie snacks were assessed. Cognitive
and affective attitudes towards choosing low-calorie over
high-calorie snacks were measured by means of eight
7-point semantic differential scale items, which were
adapted from Conner et al.(21) and Crites et al.(19). Personal
norms regarding choosing low-calorie over high-calorie
snacks were assessed by three items, adapted from Parker
et al.(45). Social norms were measured with one item that
was adapted from Conner et al.(21).

For measuring Opportunity to choose low-calorie over
high-calorie snacks ten items were constructed. The items
were based on previous qualitative research(13,44) and
were structured according to the ANGELO framework(26),
which differentiates between the physical, economic and
media environment in which food choices are made.
Using this subdivision of environments, participants’
perceptions of the physical and economic environments
were assessed with four items each. Additionally, two
items represented perceptions of the media environment.

For measuring Ability, participants’ self-efficacy with
regard to having the basic skills and knowledge to choose
low-calorie over high-calorie snacks was assessed. These
basic skills and knowledge were identified in a previous
qualitative study(13). For knowledge, we constructed four
items that assessed the perceived ability to distinguish
between low-calorie and high-calorie products. Skills to
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understand calorie information on packages were asses-
sed with one item. The formulation of the self-efficacy
items was adapted from Sheeshka et al.(46).

The surveys were pre-tested during cognitive walk-
through interviews (n 5). Based on these pre-tests,
improvements in the formulation of items were made. The
revised surveys were then piloted online (n 50). Based on
similar feedback from four respondents, two minor chan-
ges were made regarding the qualification of behavioural
ability to assess calorie content from ‘well’ to ‘accurately’.
Because this was the only feedback on item formulation
from the pilot study, we judged the final questionnaire
items to be adequately formulated.

FFQ and main meal consumption
To assess real-life snack choices, an FFQ was administered.
The questionnaire was carefully developed with the con-
siderations regarding the construction of FFQ in mind(47).
Participants indicated how often they normally choose
specific types of snacks: less than once per month/never
(coded as 0 times/week), 1–3 times per month (coded as 0·5
times/week), 1–3 times per week (coded as 2 times/week),
4–6 times per week (coded as 5 times/week), daily (coded
as 7 times/week) and several times per day (coded as
14 times/week). The snack foods and beverages that were
included were identified as frequently consumed snacks in
previous research(13). For low-calorie snack foods these
were (fruit) biscuits, small candy bars, gingerbread, water
ice, soup, crackers and fruit; for high-calorie snack foods
these were cake, cookies, regular candy bars, chocolate, pie,
ice cream, warm snacks, nuts, crisps and sandwiches.
Low-calorie beverages consisted of coffee, tea, (flavoured)
water, fruit juice light, soft drink light and malt/light beer;
high-calorie beverages consisted of cappuccino, chocolate
milk, fruit juice regular, soft drink regular, milk, yoghurt
drink, regular beer, wine and liquor. Items were classified as
low-calorie when a portion was <418·4 kJ (<100 kcal) and
high-calorie when a portion was >418·4 kJ (>100 kcal),

which is similar to the classification by Kocken et al.(48). This
classification of items was not made explicit to participants.
We obtained portion sizes and caloric values from the
website of the Dutch Nutrition Center (http://www.
voedingscentrum.nl/nl/schijf-van-vijf/eet-gevarieerd/
hoeveel-calorieen-zitten-erin.aspx). The proportion of
low-calorie choices was calculated by dividing the total low-
calorie choices by the total low- and high-calorie choices
combined. This was also done for individual products with
both low-calorie and high-calorie versions (e.g. soft drinks).
An overview of FFQ items can be found in Tables 2 and 3.

Main meal consumption patterns were identified by
asking participants how often they normally consume
breakfast, lunch and dinner: less than once per month/
never, 1–3 times per month, 1–3 times per week, 4–6 times
per week, daily and several times per day. Main meal
consumption patterns were included because they are
known to be associated with snack consumption(9).
Because the majority of participants did consume main
meals daily (ranging from 78·1 % for breakfast to 92·4 % for
dinner), the items were dichotomized (e.g. daily breakfast:
yes/no).

Data analysis
Data were analysed in three subsequent steps. First,
because both existing measures and self-constructed
measures were used, we performed confirmatory factor
analysis and assessed internal consistency for the mea-
sures for the motivation, the opportunity and the ability to

Table 2 Mean weekly consumption of snack food FFQ items
among a representative sample (n 1318) of the Dutch population

Category Snack food items FFQ %† Mean SD

Sweet snacks Low-calorie
(Fruit) biscuit 24·0 0·97 1·84
Small candy bar/
chocolate

25·9 1·01 1·73

Gingerbread 29·6 1·25 2·07
Water ice 8·8 0·42 1·21

High-calorie
Cake and cookies 39·9 1·69 2·51
Regular candy bar/ 15·9 0·63 1·27
chocolate

Pie 7·6 0·43 0·73
Ice cream 9·3 0·46 1·14

Savoury snacks Low-calorie
Soup 23·1 0·90 1·61
Crackers‡ 26·9 1·17 2·20

High-calorie
Warm snacks§ 12·7 0·50 0·87
Nuts 29·1 1·14 1·88
Crisps 35·3 1·14 1·49
Sandwich 40·6 2·86 4·33

Fruits and Fruits 82·2 5·73 4·58
vegetables Vegetables 58·9 3·62 3·93

†Percentage of participants who consumed the snack food ≥1 time
per week.
‡These included regular crackers, rice crackers and rusks.
§These included typical Dutch snacks (‘kroket’ and ‘frikadel’) and pizza
slices.

Table 1 Characteristics of respondents, a representative sample
(n 1318) of the Dutch population based on gender, age and
education level

Males (n 632) Females (n 686)

Age (%)
18–34 years 26·4 27·0
35–49 years 33·7 31·3
50–65 years 39·9 41·7

Education (%)†
Low 26·3 29·9
Middle 42·2 43·3
High 31·3 26·8

BMI (%)
Underweight (<20 kg/m2) 2·2 2·8
Normal weight (20–25 kg/m2) 41·0 46·6
Overweight (25–30 kg/m2) 43·5 30·0
Obese (>30 kg/m2) 15·5 20·6

†Based on the official Dutch education classification (http://www.cbs.nl/NR/
rdonlyres/7C94DE33-621C-4355-928A-8B90F9F5D777/0/2006soiniveauind
eling201213.pdf).
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choose low-calorie over high-calorie snacks using the
R package lavaan (version 0·5–17)(49). The confirmatory
factor analysis assessed the goodness-of-fit on four indices
(cut-off values were adapted from Hair et al.(50) ): (i) the
comparative fit index (CFI; good if >0·95); (ii) the
Tucker–Lewis index (TLI; good if >0·95); (iii) the root-
mean-square error of approximation (RMSEA; good if
<0·07); and (iv) the standardized root-mean-square resi-
dual (SRMR; good if <0·08). First, measurement fit was
investigated for the one-factor models. Then the overall
multi-factor measurement model was evaluated, to ensure
that the items loaded on their corresponding factor and
not on one of the other factors. Internal consistency was
evaluated based on ω2 and average variance extracted
(AVE). Internal consistency was regarded as satisfactory
when ω2> 0·7(51) and AVE> 0·5(52). Discriminant validity
was regarded satisfactory when the AVE exceeded shared
variance with other factors(52).

Second, for snack foods and beverages separately we
estimated the relationship between the MOA factors and
demographic variables, on the one hand, and the pro-
portion of low-calorie choices, on the other, by conducting
a linear regression analysis. The relationship was esti-
mated for both the aggregated proportions of low-calorie
choices and proportions of low-calorie choices for indi-
vidual products with a low-calorie and high-calorie ver-
sion (e.g. soft drinks). To be able to perform linear
regression analysis on the proportions of low-calorie
choices, a function of proportions was used: the log
odds(53). Log odds scores were obtained by taking the logit
of the probability of choosing a low-calorie snack (the
number of low-calorie snack choices divided by the
number of high-calorie snack choices). Because

proportions of 0 and 1 have no log odds, these scores
were imputed(54), meaning that proportions of 0 and 1
received the log odds of the lowest and highest propor-
tions (which were >0 and <1) in the data set, respectively.

Third, for snack foods and beverages separately we
examined if and how many dominant profiles could be
identified based on the motivation, the opportunity and
the ability to choose low-calorie over high-calorie snacks.
Initially, hierarchical cluster solutions of two to ten profiles
were generated using the statistical software package IBM
SPSS Statistics 19·0. The hierarchical centroids that were
obtained were then used as starting points for k-means
clustering. Because the agglomeration schedule was
inconclusive in assessing the best cluster solution, the final
profile number was determined by using R package
NbClust (version 2·0)(55), which provides several indices
for identifying the relevant number of clusters. We
subsequently performed ANOVA to identify differences in
daily meal consumption and snacking behaviour between
the dominant profiles. Within each ANOVA, we ran post
hoc comparisons using Tukey’s honest significant
difference procedure to control the family-wise error rate.

Results

Psychometric properties of motivation, opportunity
and ability measures (Step 1)
Tables 4 and 5 show that the psychometric properties for
the MOA measures were close to identical for snack foods
and beverages. Internal consistency was satisfactory both for
the snack food and beverage Motivation measures, while
discriminant validity was adequate. Within the three
Opportunity measures, the AVE and thus the discriminant
validity suffered from three oppositely phrased items (one in
each of three measures). Removal of two oppositely
phrased items for physical Opportunity (‘I think that low-
calorie snacks, compared to high-calorie snacks, are easy
enough to find’) and financial Opportunity (‘I think that low-
calorie snacks, compared to high-calorie snacks, are on sale
often enough’) resulted in an AVE>0·5, thereby reaching
satisfactory internal consistency and adequate discriminant
validity. Because media Opportunity consisted of only two
items, both were kept, even though internal consistency and
discriminant validity were not completely achieved. For
Ability (knowledge) internal consistency was borderline
satisfactory (AVE values of 0·487 and 0·456), while
discriminant validity was adequate. Because removal of the
item with the lowest R2 did not result in a better overall
ω2 value, we proceeded with all four knowledge items.

Table 4 also shows the fit measures for the one-factor
models and overall measurement models of the MOA
measures for snack foods, with and without the removal of
items. The CFI, TLI, RMSEA and SRMR all indicated a good fit
for the one-factor models. For the overall measurement
model the CFI and TLI were low (0·935 and 0·922), and

Table 3 Mean weekly consumption of beverage FFQ items among
a representative sample (n 1318) of the Dutch population

Category Beverage items FFQ %† Mean SD

Hot beverages Low-calorie
Coffee 76·1 8·62 6·01
Tea 71·9 6·79 5·81

High-calorie
Cappuccino 28·3 1·92 3·84
Chocolate milk 10·2 0·56 1·65

Cold beverages Low-calorie
(Flavoured) water 68·4 6·82 6·00
Fruit juice light 19·8 0·95 2·28
Soft drink light 32·1 2·20 4·03

High-calorie
Fruit juice regular 33·6 1·65 2·84
Soft drink regular 28·5 1·59 3·22
Milk 46·7 3·05 4·04
Yoghurt drink 21·3 1·08 2·38

Alcoholic beverages Low-calorie
Malt/light beer 4·3 0·21 1·07

High-calorie
Regular beer 22·3 0·92 2·10
Wine 25·3 1·11 2·29
Liquor 8·1 0·39 1·42

†Percentage of participants who consumed the beverage≥1 time per week.
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therefore we tested the measurement model without the two
oppositely phrased physical and financial Opportunity items.
With the omission of these items, the CFI and TLI changed to
acceptable values of 0·964 and 0·956, respectively.

For the MOA measures for beverages (Table 5), CFI and
SRMR indicated good fit for the one-factor models. The TLI
for Ability (knowledge) was slightly lower than the cut-off
value (0·947). Similarly, the RMSEA for Opportunity
(financial) and Ability (knowledge) were slightly higher
than the cut-off (0·074 and 0·077, respectively). Because
these measures were only slightly lower than the cut-off
and scored a good fit on the other indices, we evaluated
the fit of the one-factor models as acceptable. For the
overall measurement model, the TLI was too low (0·941).

Therefore we again tested the measurement model
without the two oppositely phrased physical and financial
Opportunity items and found that TLI changed to an
acceptable value of 0·967.

Because of the considerable improvements in both
internal consistency and overall measurement model fit, we
decided to conduct further analysis without the two oppo-
sitely phrased physical and financial Opportunity items.

Relationship between motivation, opportunity and
ability factors and the log odds of choosing
low-calorie snack foods (Step 2)
Table 6 shows the outcomes of the linear regression
analysis on the log odds of choosing low-calorie snack foods.

Table 4 Internal consistency and fit measures for the one-factor models and the overall measurement model (snack foods)

RMSEA

ω2 AVE χ2 P value df CFI TLI Value 90% LB 90% UB SRMR

One-factor models†
Attitude (cognitive) 0·902 0·700 3·72 0·16 2 0·999 0·997 0·026 0·000 0·050 0·007
Attitude (affective) 0·902 0·687 0·86 0·65 2 1·000 1·002 0·000 0·000 0·034 0·003
Personal norms 0·917 0·786 – – – – – – – – –

Opportunity (physical) 0·794 0·497 2·14 0·34 2 1·000 1·000 0·007 0·000 0·048 0·008
0·815§ 0·596§

Opportunity (media) 0·543 0·410 – – – – – – – – –

Opportunity (financial) 0·837 0·568 15·06 0·001 2 0·990 0·969 0·070 0·043 0·101 0·018
0·866§ 0·684§

Ability (knowledge) 0·790 0·487 4·91 0·09 2 0·997 0·991 0·033 0·004 0·061 0·012
Overall model with all items‡ 1229·24 0·00 290 0·935 0·922 0·05 0·047 0·052 0·055
Overall model without

oppositely phrased items‡
734·88 0·00 241 0·964 0·956 0·039 0·037 0·042 0·039

AVE, average variance extracted; CFI, comparative fit index; TLI, Tucker–Lewis index; RMSEA, root-mean-square error of approximation; LB, lower bound; UB,
upper bound; SRMR, standardized root-mean-square residual.
†For social norm and Ability (skills), no fit measures are available as they consist of one item.
‡Social norm and Ability (skills) are in the overall measurement model. Error variance of these measures was set to 0·4, which is in the same range as other
error variances.
§Value after removing the oppositely phrased item.

Table 5 Internal consistency and fit measures for the one-factor models and the overall measurement model (beverages)

RMSEA

ω2 AVE χ2 P value df CFI TLI Value 90% LB 90% UB SRMR

One-factor models†
Attitude (cognitive) 0·925 0·758 4·942 0·09 2 0·999 0·996 0·033 0·013 0·054 0·008
Attitude (affective) 0·902 0·683 1·18 0·55 2 1·000 1·001 0·000 0·000 0·040 0·003
Personal norms 0·926 0·805 – – – – – – – – –

Opportunity (physical) 0·807 0·515 1·61 0·45 2 1·000 1·001 0·000 0·000 0·039 0·007
0·823§ 0·612§

Opportunity (media) 0·543 0·410 – – – – – – – – –

Opportunity (financial) 0·822 0·540 16·47 0·00 2 0·988 0·964 0·074 0·050 0·100 0·021
0·846§ 0·648§

Ability (knowledge) 0·769 0·456 17·43 0·00 2 0·982 0·947 0·077 0·054 0·101 0·023
Overall model with all items‡ 1067·87 0·00 290 0·951 0·941 0·045 0·043 0·048 0·050
Overall model without

oppositely phrased items‡
647·76 0·00 241 0·973 0·967 0·036 0·033 0·039 0·038

AVE, average variance extracted; CFI, comparative fit index; TLI, Tucker–Lewis index; RMSEA, root-mean-square error of approximation; LB, lower bound;
UB, upper bound; SRMR, standardized root-mean-square residual.
†For social norm and Ability (skills), no fit measures are available as they consist of one item.
‡Social norm and Ability (skills) are in the overall measurement model. Error variance of these measures was set to 0·4, which is in the same range as other
error variances.
§Value after removing the oppositely phrased item.
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The model for snack foods, in which we consecutively
included the MOA factors for snack foods (R2=0·132,
adjusted R2=0·126) and demographic variables (ΔR2=
0·044, adjusted ΔR2=0·042), accounted for 17·6% (adjusted
16·8%) of the variance in the log odds of choosing low-
calorie snack foods.

Within MOA, significant positive effects on the log odds of
choosing low-calorie snack foods were identified for affec-
tive attitude, personal norm, financial opportunity and skills
in understanding calorie information on packages. Eating
breakfast daily also had a positive effect. Women were more
likely to choose low-calorie snack foods, while younger
people and people with a lower education were less likely
to choose low-calorie snack foods. The β values in Table 6
indicate the change in log odds. These changes can be
translated back into odds ratios (proportion low-calorie
divided by proportion high-calorie). The personal norm
coefficient of 0·162, for instance, corresponds to an 18%
increase of the odds of choosing low-calorie snack foods.

Relationship between motivation, opportunity and
ability factors and the log odds of choosing
low-calorie beverages (Step 2)
Table 6 furthermore shows the outcomes of the linear
regression analysis on the log odds of choosing

low-calorie beverages. The total model for beverages, in
which we consecutively included the MOA factors for
beverages (R2= 0·101, adjusted R2= 0·095) and demo-
graphic variables (ΔR2= 0·025, adjusted ΔR2= 0·019),
accounted for 12·6 % (adjusted 11·4 %) of the variance in
the log odds of choosing low-calorie beverages.

With regard to the MOA factors, positive effects on the
log odds of choosing low-calorie beverages were identi-
fied for affective attitude and personal norm, while social
norm had a negative effect. Again, women were more
likely to choose low-calorie beverages.

Linear regression analysis was also conducted on the
log odds of choosing the low-calorie version of beverages
that have both a high- and a low-calorie version. This
included light fruit juice v. fruit juice regular and light soft
drink v. regular soft drink. To ensure that only respondents
who choose these beverages regularly were included in
the regression, a criterion of >3 times per week was used.
For the log odds of choosing light fruit juice, R2 values for
MOA (R2= 0·104) and demographics (ΔR2= 0·028) were
similar to the aggregated low-calorie beverage log odds.
For soft drinks, the total model accounted for 27·9 % of the
variance in the log odds of choosing light soft drinks (MOA
R2= 0·240, demographics ΔR2= 0·039). Due to a relatively
small number of respondents who drink soda
regularly, the adjusted R2 amounted to 0·217 and the
adjusted ΔR2 to 0·021.

Profiles based on motivation, opportunity and
ability factors (Step 3)
Rothschild’s MOA framework theoretically differentiates
between eight possible profile types based on whether
barriers within the motivation, the opportunity and the
ability to choose low-calorie over high-calorie snacks were
present. Table 7 gives the sizes of these eight MOA profile
types, which were identified by means of a split on the
midpoint of the scales for the averaged motivation,
opportunity and ability scores (≤4= no, >4= yes), for both
snack foods and beverages.

The distribution across the profiles was similar for snack
foods and beverages. The majority was motivated to
a degree (70 % and 73 %) and about half of the participants

Table 6 Linear regression analysis on the log odds of choosing
low-calorie snacks

Snack foods† Beverages‡

β P β P

MOA factors
Motivation
Attitude

Cognitive 0·009 0·796 0·056 0·196
Affective 0·147*** 0·000 0·086* 0·034

Personal norm 0·162*** 0·000 0·164*** 0·000
Social norm −0·029 0·326 −0·073* 0·017

Opportunity
Physical −0·054 0·138 0·046 0·221
Media −0·036 0·223 −0·021 0·501
Financial 0·078* 0·020 0·021 0·550

Ability
Knowledge −0·005 0·836 −0·026 0·330
Skills 0·102*** 0·000 0·001 0·964

Demographic variables
Gender (male) −0·115*** 0·000 −0·106*** 0·000
BMI (kg/m2) 0·004 0·885 0·012 0·669
Age
18–34 years v. 50–65

years
−0·106*** 0·000 −0·044 0·141

35–49 years v. 50–65
years

−0·130*** 0·000 −0·042 0·151

Education
Low v. high −0·120*** 0·000 −0·046 0·155
Middle v. high −0·098** 0·001 −0·026 0·409

Daily breakfast (yes) 0·058* 0·050 0·049 0·103
Daily lunch (yes) 0·013 0·694 0·049 0·132
Daily dinner (yes) 0·026 0·379 0·027 0·379

MOA, motivation–opportunity–ability.
*P< 0·05, **P< 0·01, ***P< 0·001.
†R2= 0·176 (adjusted R2= 0·164).
‡R2= 0·126 (adjusted R2= 0·114).

Table 7 Percentage of participants with or without barriers
regarding motivation, opportunity and ability to choose low-calorie
snacks, based on a score split (n 1318)

Motivation No barrier (%) Barrier (%)

Opportunity No barrier Barrier No barrier Barrier

SF B SF B SF B SF B

Ability
No barrier 19 27 21 14 7 7 5 3
Barrier 10 14 20 18 6 7 12 10

SF, snack foods; B, beverages.
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perceived to have sufficient ability (51 % and 50 %) to
select low-calorie snacks. The profiles did however differ
regarding opportunity; for snacks foods 41 % of partici-
pants perceived the opportunity to be sufficient, while this
was 54 % for beverages. Correspondingly, the group with
no barriers was larger for beverages (27 %) than for snack
foods (19 %).

Identification of dominant motivation–opportunity–ability
profiles
After considering the Calinsky–Harabasz, silhouette and
Gap indices and investigating the patterns of significant
and meaningful differences in terms of motivation, ability
and opportunity, we concluded that a three-cluster solu-
tion provided the most parsimonious grouping. Table 8
shows the scores on the MOA factors for snack foods and
beverages for each of the profiles. The three snack food
profiles and the three beverage profiles show very similar
patterns. Therefore they will be described jointly in the
next paragraphs.

The ‘no-barrier profile’ is characterized by a very high
motivation to choose low-calorie over high-calorie
snacks, without social pressure to do so. People with
this profile perceive themselves as sufficiently able to
make low-calorie over high-calorie choices and they also
feel that the opportunity to make these choices is pre-
sent. Overall, people with this profile report having no
barriers to choose low-calorie over high-calorie snacks
in real life. For both snack foods and beverages, the
no-barrier profile has the highest overall proportion of
low-calorie choices (69 % for snack foods and 76 % for
beverages).

The ‘lack-of-opportunity profile’ is also characterized by
a high motivation to choose low-calorie over high-calorie
snacks, coupled with some social pressure to do so. In
contrast to the no-barrier profile, people with this profile
perceive that there is insufficient opportunity to choose
low-calorie snacks, particularly regarding the financial
costs of obtaining low-calorie products. Even though they
are motivated, people with the lack-of-opportunity profile
are unsure about having sufficient knowledge and skills to
be able to choose low-calorie over high-calorie snacks.
The overall proportion of low-calorie choices is lower than
in the no-barrier profile, both for snack foods (62 %) and
beverages (70 %).

The ‘lack-of-motivation profile’ distinguishes itself from
the no-barrier and lack-of-opportunity profile by a low
motivation to choose low-calorie over high-calorie
snacks. Although people with this profile think the
opportunity to choose low-calorie over high-calorie
snacks is less than those with the no-barrier profile,
they do feel that it is more sufficient than people with
the lack-of-opportunity profile. In addition to a low
motivation score, the perceived ability to choose low-
calorie over high-calorie options of those with the
lack-of-motivation profile is also below average. In terms
of snacking behaviour, the lack-of-motivation profile
is characterized by the lowest overall proportion of
low-calorie choices, both for snack foods (53 %) and
beverages (61 %).

Table 9 further describes the profiles in terms of
snacking and eating behaviours, and also provides socio-
demographic characteristics of each profile. For both
snack foods and beverages, the composition of the

Table 8 Profiles based on barriers regarding the motivation, the opportunity and the ability to choose low-calorie over high-calorie snacks
among a representative sample (n 1318) of the Dutch population

Overall No-barrier profile Lack-of-opportunity profile Lack-of-motivation profile

Snack
foods Beverages

Snack foods
(n 352)

Beverages
(n 406)

Snack foods
(n 501)

Beverages
(n 492)

Snack foods
(n 465)

Beverages
(n 420)

Snack
foods Beverages

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD F† F†

Barriers
Motivation
Attitude
Cognitive 5·40 1·28 5·52 1·32 6·24a 0·83 6·40x 0·68 5·81b 1·01 5·91y 0·93 4·31c 1·05 4·20z 1·15 461·68*** 625·50***
Affective 4·53 1·29 4·88 1·30 5·19a 1·17 5·65x 0·93 4·84b 1·16 5·18y 1·06 3·69c 1·03 3·77z 1·10 212·18*** 372·16***

Personal norm 4·82 1·52 4·87 1·64 5·65a 1·01 5·82x 1·03 5·63a 0·87 5·63y 0·97 3·31b 1·21 3·06z 1·22 752·01*** 877·21***
Social norm 3·74 1·72 3·64 1·74 3·40a 1·79 3·72x 1·87 4·85b 1·36 4·47y 1·46 2·79c 1·30 2·59z 1·30 251·90*** 165·99***

Opportunity‡
Physical 4·30 1·19 4·69 1·21 5·29a 1·01 5·65x 0·89 3·54b 0·97 3·90y 0·99 4·37c 0·94 4·67z 1·02 341·34*** 360·32***
Media 4·06 1·11 4·33 1·14 4·65a 1·15 4·94x 1·15 3·56b 1·02 3·74y 1·00 4·15c 0·90 4·43z 0·94 122·28*** 153·74***
Financial 3·66 1·26 4·03 1·28 4·45a 1·35 4·95x 1·15 2·95b 0·96 3·22y 1·00 3·82c 1·04 4·10z 1·06 198·05*** 291·14***

Ability
Knowledge 3·89 1·19 3·92 1·17 4·09a 1·31 4·14x 1·25 3·90a 1·21 3·96x 1·20 3·71b 1·03 3·66y 1·00 11·54*** 18·11***
Skills‡ 4·64 1·51 4·70 1·53 5·81a 1·12 5·77x 1·11 4·10b 1·45 3·97y 1·48 4·35c 1·36 4·53z 1·36 187·63*** 207·32***

a,b,c,x,y,zOne-way ANOVA and χ2 tests were carried out to identify differences between profiles; a,b,c are used to indicate differences between snack food profiles,
x,y,z for beverage profiles. Mean values within a row with unlike superscript letters were significantly different, based on Tukey’s post hoc test.
*P< 0·05, **P< 0·01, ***P< 0·001.
†df1, df2= 2, 1316.
‡Opportunity and skill scores were reversed because the items were reverse-scored.
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Table 9 Profile characteristics regarding eating and snacking behaviour, and sociodemographic variables among a representative sample (n 1318) of the Dutch population

Overall No-barrier profile Lack-of-opportunity profile Lack-of-motivation profile

Snack foods
and beverages

Snack foods
(n 352)

Beverages
(n 406)

Snack foods
(n 501)

Beverages
(n 492)

Snack foods
(n 465)

Beverages
(n 420) Snack foods Beverages

Mean or
% SD

Mean or
% SD

Mean or
% SD

Mean or
% SD

Mean or
% SD

Mean or
% SD

Mean or
% SD F or χ2

df1, df2, or
df F or χ2

df1, df2, or
df

Eating behaviour
Daily breakfast (%) 79·2 – 88·4 – 85·5 – 80·6 – 79·3 – 70·8 – 73·1 – 38·69*** 2 19·19*** 2
Daily lunch (%) 83·8 – 89·2 – 88·2 – 85·0 – 83·7 – 78·5 – 79·8 – 17·81*** 2 10·80** 2
Daily dinner (%) 92·6 – 95·2 – 95·1 – 92·2 – 92·3 – 91·2 – 90·7 – 4·89NS 2 5·91NS 2

Proportion of low-calorie choices per category
Sweet snacks 0·48 0·30 0·54a 0·32 – – 0·48b 0·30 – – 0·43c 0·27 – – 13·01*** 2, 1316 – –
Savoury snacks 0·23 0·25 0·28a 0·28 – – 0·25a 0·25 – – 0·18b 0·21 – – 17·23*** 2, 1316 – –
Fruits and vegetables 1·00 0·00 1·00 0·00 – – 1·00 0·00 – – 1·00 0·00 – – – 2, 1316 – –
Proportion of low-calorie snack foods 0·61 0·22 0·69a 0·21 – – 0·62b 0·21 – – 0·53c 0·22 – – 53·44*** 2, 1316 – –
Hot beverages 0·85 0·23 – – 0·88a 0·18 – – 0·85a,b 0·21 – – 0·84b 0·24 – – 5·76** 2, 1316
Cold beverages 0·55 0·33 – – 0·67a 0·30 – – 0·56b 0·31 – – 0·42c 0·32 – – 63·32*** 2, 1316
Alcoholic beverages 0·05 0·17 – – 0·04 0·15 – – 0·06 0·19 – – 0·05 0·15 – – 2·18NS 2, 1316
Proportion of low-calorie beverages 0·69 0·20 – – 0·76x 0·17 – – 0·70y 0·19 – – 0·61z 0·22 – – 64·81*** 2, 1316

Consumption frequency per week
Sweet snacks 6·85 6·96 6·25 6·21 – – 6·93 6·86 – – 7·21 7·56 – – 1·96NS 2, 1316 – –
Savoury snacks 8·29 7·67 6·88a 6·70 – – 8·99b 8·06 – – 8·58b 7·81 – – 8·44*** 2, 1316 – –
Fruits and vegetables 9·35 7·35 11·02a 7·65 – – 9·84a 7·26 – – 7·56b 6·84 – – 24·74*** 2, 1316 – –
Total snack foods per week 24·48 15·66 24·15 14·39 – – 25·76 16·10 – – 23·36 16·05 – – 2·95NS 2, 1316 – –
Hot beverages 17·89 8·87 – – 19·13x 8·62 – – 18·04x 8·93 – – 16·49y 8·92 – – 9·43*** 2, 1316
Cold beverages 17·34 11·18 – – 17·49x,y 9·90 – – 18·22x 11·95 – – 16·15y 11·41 – – 3·97* 2, 1316
Alcoholic beverages 2·63 4·23 – – 2·01x 3·01 – – 2·53x,y 4·76 – – 3·13y 4·28 – – 7·86*** 2, 1316
Total beverages per week 37·85 15·51 – – 38·68x 13·35 – – 38·87x 16·61 – – 35·85y 15·96 – – 5·14* 2, 1316

Sociodemographic variables
Gender

Female 52·0 – 68·2 – 67·2 – 54·1 – 53·0 – 37·6 – 36·2 76·26*** 2 80·07*** 2
Age (%)

18–34 years 26·7 – 25·6 – 23·6 – 23·0 – 24·6 – 31·6 – 32·1 – 10·53* 4 9·55* 4
35–49 years 32·5 – 31·3 – 34·5 – 35·3 – 33·1 – 30·3 – 29·8 –
50–65 years 40·8 – 43·2 – 41·9 – 41·7 – 42·3 – 38·1 – 38·1 –

Education (%)
Low 28·1 – 21·3 – 22·2 – 27·5 – 30·1 – 34·0 – 31·7 – 16·46** 4 18·35** 4
Middle 42·9 – 45·7 – 42·1 – 43·7 – 45·1 – 39·8 – 41·0 –
High 29·0 – 33·0 – 35·7 – 28·7 – 24·8 – 26·2 – 27·4 –

BMI (%)
Underweight (<20 kg/m2) 2·5 – 3·1 – 2·2 – 1·4 – 1·2 – 3·2 – 4·3 – 36·31*** 6 36·15*** 6
Normal weight (20–25 kg/m2) 42·9 – 47·2 – 44·8 – 36·3 – 38·2 – 46·7 – 46·4 –
Overweight (25–30 kg/m2) 36·5 – 36·7 – 35·5 – 38·6 – 38·4 – 34·2 – 35·3 –
Obese (>30 kg/m2) 18·1 – 13·1 – 17·5 – 23·8 – 22·2 – 15·9 – 14·0 –

a,b,c,x,y,zOne-way ANOVA and χ2 tests were carried out to identify differences between profiles; a,b,c are used to indicate differences between snack food profiles, x,y,z for beverage profiles. Mean/proportion values within a row
with unlike superscript letters were significantly different, based on Tukey’s honest significant difference post hoc test.
*P< 0·05, **P< 0·01, ***P<0·001.
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profiles differed significantly on gender, age, education
and BMI. For the no-barrier profile we found an over-
representation of females and higher educated people.
The group with a lack-of-opportunity profile was quite
similar to the overall respondent population in terms of
gender, age and education level. However, compared with
those with other profiles, relatively many people with the
lack-of-opportunity profile were obese. Respondents with
a lack-of-motivation profile were more likely to be male,
young and less educated. Daily breakfast and lunch
consumption was highest for the no-barrier profile,
followed by the lack-of-opportunity profile and the lack-
of-motivation profile.

Of the 1318 participants, the vast majority (69 %) was
classified into the equivalent profiles for both snack cate-
gories, meaning that for them patterns of motivation,
perceived opportunity and perceived ability were similar
for snack foods and beverages.

Relationship between motivation–opportunity–ability
profiles and the log odds of choosing low-calorie snacks
To investigate the extent to which the dominant profiles
are associated with low-calorie snack choices compared
with the MOA factors, we also performed a linear regres-
sion analysis in which the MOA factors in Step 2 were
substituted for two dummy variables that represented the
three dominant profiles. For snack foods, the three iden-
tified profiles accounted for 6·6 % (adjusted 6·5 %) of the
variance in the log odds of choosing low-calorie snack
foods, compared with 13·2 % (adjusted 12·6 %) for the
MOA factors. Thus roughly half of the variance in the log
odds of choosing low-calorie snack foods that could be
explained by the MOA factors was covered by the
identified three dominant MOA profiles.

For beverages, the three identified profiles accounted
for 7·5 % (adjusted 7·4 %) of the variance in the log odds
choosing low-calorie beverages, compared with 10·1 %
(adjusted 9·5 %) for the MOA factors. Thus roughly
three-quarters of the variance in the log odds of choosing
low-calorie beverages that could be explained by the
MOA factors was covered by the identified profiles. This
means that, in light of implementing effective public health
policies, splitting up the population into the three domi-
nant profiles still captures a substantial part of the variance
compared with the individual MOA factors.

When using the eight MOA snack food profiles that
were constructed by means of a score split, explained
variance in the log odds of choosing low-calorie snack
foods was similar to the three dominant profiles: 6·8 %
(adjusted 6·3 %). For the eight MOA beverage profiles,
explained variance in the log odds of choosing low-calorie
beverages was lower than for the three dominant profiles:
6·3 % (adjusted 5·8 %). For tailoring intervention strategies
to specific patterns of barriers, using the three dominant
profiles thus is preferred over using the eight profile types
suggested by the MOA framework.

Discussion

The present study employed Rothschild’s MOA frame-
work(11) and examined the extent to which heterogeneity
in barriers regarding the motivation, the perceived oppor-
tunity and the perceived ability to choose low-calorie over
high-calorie snacks is associated with low-calorie snack
choices in real life. The barriers were assessed by means of
a survey, together with people’s habitual snack consump-
tion, which was measured via the FFQ. To explore gen-
eralizability across snack categories, barriers and habitual
snack consumption were assessed separately for snack
foods and beverages.

The results show that, both for snack foods and
beverages, heterogeneity in barriers regarding the motiva-
tion, perceived opportunity and perceived ability to choose
low-calorie over high-calorie snacks is associated with the
proportion of low-calorie snack choices. Recognition of this
heterogeneity in barriers adds to the predictive validity for
low-calorie snack choices over and above the variance
explained by sociodemographic variables. This shows that
the MOA framework is a useful and meaningful tool for
categorizing barriers for choosing low-calorie over
high-calorie snacks. By further distinguishing between the
concepts of cognitive and affective attitude, and personal
and social norms as aspects of motivation; financial, phy-
sical and media aspects of opportunity; and knowledge and
skills as aspects of ability, the present study also provides a
blueprint to measure these barriers by developing new
scales where existing scales were lacking.

In line with previous research on dietary behaviour(56,57),
motivation was most strongly associated with low-calorie
choices. This confirms that motivation is indispensable
when it comes to maintaining and changing snacking
behaviour. Of particular importance is a positive affective
attitude and strong personal norms regarding low-calorie
snacking behaviour, which has been echoed in other
studies(58). Cognitive attitude came out as less influential,
which is presumably due to a high level of consensus on
the functional advantages of low-calorie snacking over
high-calorie snacking. This implies that to increase people’s
motivation to choose low-calorie snacks, it is more impor-
tant to stress hedonic rather than utilitarian advantages of
choosing low-calorie over high-calorie snacks.

A discrepancy between the costs of obtaining high-
calorie and low-calorie foods has been repeatedly identified
as a key contributor to the obesity problem(39,40,59,60). The
present study replicates this by finding that a lack of per-
ceived financial opportunity to choose low-calorie over
high-calorie snack foods is associated with lower propor-
tions of low-calorie snack food choices. For beverages no
such discrepancy was found, which is likely caused by the
high availability of particular cheap low-calorie beverages
such as water, tea and coffee.

Perceptions of being able to easily interpret calorie infor-
mation on snack food packaging increased the proportion of
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low-calorie snack food choices. Previous research indeed
found that some people struggle with extracting calorie
information from packages, resulting in less understanding of
the caloric content of foods and beverages(13). For beverages,
it is plausible that no effect of perceived ability on proportion
low-calorie choices was found because of the high con-
sumption of water, tea and coffee. When these beverages
were removed from analysis, a borderline significant effect of
being able to interpret calorie information on beverage
packaging on the proportion of low-calorie beverage choices
was found. These findings illustrate a widely echoed need
for easy-to-interpret information and labelling on packaging
to ameliorate ability(61,62).

Overall, barriers regarding the motivation, the perceived
opportunity and the perceived ability to choose low-calorie
over high-calorie snacks are moderately associated with
proportions of low-calorie snack choices at the aggregate
level across snack foods and across beverages. When
specifically looking at regular and light soft drink choices,
for which the only difference is the caloric value, the
association between barriers and low-calorie choices is
much stronger. This suggests that the origin of the
moderate association between barriers and the overall
proportion of low-calorie snacks primarily is caused by
snack characteristics other than caloric value (e.g. taste).
A choice for a low-calorie product (e.g. water or coffee)
therefore does not necessarily reflect a preference for low-
calorie beverages, as is the case when choosing for a light
soft drink instead of a regular soft drink.

The present study identified three barrier profiles as
dominant in the population: the no-barrier profile, the
lack-of-opportunity profile and the lack-of-motivation
profile. The identification of subgroups with similar bar-
rier characteristics is beneficial for the effectiveness of
interventions(14) as, from a public health perspective, tai-
loring interventions to each individual is infeasible. The
dominant profiles were close to identical across the snack
foods and beverages contexts, thereby implying that with
regard to diminishing barriers, similar intervention strate-
gies can be implemented to stimulate low-calorie choices.
Following the MOA framework’s rationale, people with a
no-barrier profile are best served by educational inter-
ventions that maintain their ability. People with a lack-of-
opportunity profile will benefit most from marketing
interventions that increase opportunity. People with a
lack-of-motivation profile will be most likely to change
their snacking behaviour when a combination of all three
intervention strategies is implemented. Future research
should investigate whether tailored intervention strategies
are truly more effective than non-tailored interventions.

Confirming the inconclusiveness from earlier research(7,8),
no relationship was found between the proportion of
low-calorie snack choices and BMI. We did find that people
with high proportions of high-calorie snack choices skipped
breakfast and lunch more, thereby indicating that a lower
caloric intake through meals is compensated with a higher

caloric intake through snacks. Another potential confounder
for which we did not control is physical activity, which is
known to be of influence on the relationship between
weight status and eating behaviour(63). Future research is
encouraged to take the different definitions of snacking into
account and ideally controls for a broader variety of factors
that directly or indirectly influence weight status.

There are some limitations that apply to the present study.
For measuring motivation, perceived opportunity and per-
ceived ability, validated measures were used as much as
possible, and when these were not available new scales
were constructed based on earlier qualitative research(13).
The results show that for the majority of measures internal
consistency and fit were adequate. There were some issues
with two oppositely phrased items for the Opportunity
measure, however, and therefore they were removed from
further analysis. We do think that for assessing Opportunity
on a general level, we captured a sufficient part of the
construct with the remaining items. Also, for the media
measure within Opportunity we used only two items. Future
research on barriers for food choices therefore requires
further expansion and refinement of these measures.

The behavioural determinants in Rothschild’s MOA
framework consist of actual motivations, opportunities and
abilities. For the present study, however, we used percep-
tions of opportunities and abilities regarding low-calorie
snacking behaviour. This has both practical and theoretical
reasons. The practical reason is that it would be burden-
some to measure actual opportunity, because it would
involve the continuous mapping of different aspects of the
food-choice environment (e.g. the amount of advertising,
the ratio of low-calorie and high-calorie products). The
theoretical reason is that it is plausible that for acceptance
of intervention strategies, perceptions of barriers are more
important than actual barriers(13). When people do not
accept interventions, the risk of reactance towards the
intended behaviour increases(64). When people do accept
interventions, however, rationalization of behaviour likely
occurs(65). Where reactance will impair intervention
effectiveness, rationalization will greatly benefit it.

As is argued in literature on dietary behaviour, food
choices are multifaceted because they depend on
situational, dynamic and complex factors, such as time
constraints and social influence(15). The present study
applied a framework that encompasses both individual and
environment influences on food-choice behaviour and
examined these barriers on a more aggregated level. For
future research, the results of the present study can be used
as a starting point for identifying which barriers are per-
ceived as most prevalent in different food-choice situations.

In the present study, we used an FFQ as it is particularly
suitable for eliciting habitual food consumption(47). How-
ever, although the questionnaire is widely applied, there
are concerns about under-reporting of consumption
frequencies(66). For the present study this concern may be
less of a problem, as under-reporting of both low-calorie
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and high-calorie snack consumption frequencies does
little to change the proportion of low-calorie choices.
Furthermore, FFQ are seen as adequately valid dietary
assessment measures for aetiological studies(67).

In addition, our classification of the FFQ items into low-
calorie and high-calorie choices is somewhat arbitrary. We
used a threshold of 418·4 kJ (100 kcal) per portion, so that
snacks that are associated with obesity (crisps, cookies,
sugar-sweetened beverages)(68) were categorized as high-
calorie snacks, and fruits and vegetables were categorized
as low-calorie snacks. As a result, individual differences
regarding portion sizes were not taken into account, which
could partially explain the lack of relationship between
weight status and snacking behaviour. The employed
classification method is, however, similar to caloric content
classification methods in other food-choice research(48,69).

In the classification of snacks, the present study
emphasized their caloric values (low-calorie v. high-calorie)
because an imbalance between energy intake and energy
expenditure is the main driver of overweight and obesity(2).
In light of responsible snacking choice behaviour, other
characteristics than the caloric value of snacks can also be
relevant. Snacks with a high nutritional value, for instance,
can contribute to a varied and healthy overall dietary pat-
tern. Research on the generalizability of the results to other
product characteristics would therefore be valuable.

Conclusions

Employing Rothschild’s MOA framework, the present
study contributes to the understanding of unhealthy and
irresponsible food-choice behaviour by demonstrating that
barriers within motivation, perceived opportunity and
perceived ability to choose low-calorie snacks are related
to real-life snacking behaviour. In addition, the identifi-
cation of three dominant barrier profiles (the no-barrier
profile, the lack-of-opportunity profile and the lack-of-
motivation profile) provides a strong case for the tailoring
of intervention strategies.

Additional research is still needed to examine whether
tailoring interventions to barrier profiles does indeed
increase the acceptance and subsequently the effectiveness
of interventions. Our findings furthermore suggest that, even
though measures were carefully selected, improvements in
the measurement of barriers for food choice are needed.
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