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Abstract

Objective: This exploratory study assessed how 8-13-year-old children cate-
gorised and labelled fruit and vegetables (FaV), and how these were influenced
by child characteristics, to specify second-level categories in a hierarchical food
search system for a computerised 24 h dietary recall (hdr).

Design: Two sets of food cards, sixty-seven for fruit (F) and sixty-four for vegetables
(V), with pictures and names of FaV from ten professionally defined food categories
were sorted, separately, by each child into piles of similar foods. Demographic data,
BMI and 6-n-propylthiouracil (PROP) taster status were obtained.

Setting: Participants attended the Children’s Nutrition Research Center in the
summer of 2006.

Subjects: In all, 152 8-13-year-old children, predominantly English-speaking, of
whom sixteen were predominantly Spanish-speaking.

Results: Children created an average of 8:5 (5-3) piles with 7-9 (11-4) cards per
pile for the F, and an average of 10-1 (4-8) piles with 62 (7-9) cards per pile for

the V. No substantial differences in Robinson clustering were detected across KeywoFl;(:;
subcategories for each of the demographic characteristics, BMI or PROP sensi- Vegefables
tivity. Children provided clusters names that were mostly ‘Taxonomic — Profes- Food categories
sional’ labels, such as salads, berries, peppers, for both F (51:8%) and V (52-1 %). Children

Conclusions: These categories should be tested to assess their ability to facilitate
search of FaV items in a computerised 24 hdr for children in this age group.

Cluster analysis
PROP faster stafus

Fruit and vegetable (FaV) consumption has been related
to the prevention of cancer’ ™, heart disease®®, obesity®’
and other health problems. FaV intake is one of the key
dietary behaviours for health promotion®.

Accurate measurement of children’s intake is necessary
for research on intake and health outcomes”, long-term
surveillance of population status® and evaluating change
programme outcomes"”’. While there are several methods
for measuring FaV intake'”’, accurately measuring it
remains a challenge"”. The 24h dietary recall (hdr) is
considered the preferred method of diet assessment?,
but problems with self-reports are well documented™"
and it can be cost-prohibitive for large studies. A proto-
type computerised 24hdr (called the Food Intake
Recording Software System or FIRSSt) for children was
developed to minimise these costs; however, it was
somewhat less accurate than a dietitian-conducted 24 hdr,
and Hispanic children more commonly reported pro-
blems using FIRSSt'*. A problem in FIRSSt was the
food search strategy. The food categories enabling the
search were designed by professionals, but categories
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representative of children’s organisation of foods may
have enhanced speed and accuracy of search.

The age at which children reach a level of cognitive
maturity sufficient to reasonably accurately report dietary
intake is not clear’™®. Children’s cognitive limitations may
determine how they categorise foods, e.g. concrete groups
instead of abstract ideas""”. The cognitive maturity of
primary-school children varied from pre-operational to
concrete-operational and formal thought, with corresponding
differences in knowledge and concepts"'®. Recent studies
have obtained reasonable 24 hdr from 8-year-old girls"'”,
whereas food frequencies only from 13 years and older
children had data similar to that from adults"®. Girls may
be more consistent than boys"'®; obesity has been asso-
ciated with under-reporting®” and emotional responses
to food®?, and differences might be associated with
ethnic groups(ZZ).

An understanding of how children categorise and label
FaV should clarify how to hierarchically group and name
the food categories in a computerised 24 hdr, thereby
facilitating a child’s rapid and accurate search. Since the
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perception of a bitter taste of some foods, particularly
vegetables, e.g. 6-n-propylthiouracil (PROP)?® may
influence the way children categorise them, it would
be important to distinguish food categories by the
children’s ability to taste PROP. Food preferences*® and
frequency of food consumption® may also influence
food categorisation.

The present exploratory study assessed how 8-13-year-
olds categorised and labelled FaV, and how these categories
and category labels were influenced by gender, age, BMI,
ethnicity, socio-economic status, PROP taster status, pre-
ference for and frequency of consumption of the food items.

Methods

This research was approved by the Baylor College of
Medicine Institutional Review Board. The sample consisted
of 152 8-13-year-old children, recruited via telephone
from the Children’s Nutrition Research Center (CNRC)
volunteer participant database, during the summer of 2006.
Attempts were made to recruit a sample with equivalent
numbers in each age and ethnic (White, Hispanic and
African-American) category. A special effort was made to
recruit a cohort of primarily Spanish-speaking children
in anticipation of a Spanish language version of FIRSSt.
Written informed consent was previously mailed or
brought in person when attending the research centre.
Children were asked to perform five different card sorts
each taking about 30 min. To minimise possible sequence
and fatigue effects, the sequence of card sort tasks was
randomly assigned. Card sort 1 was composed of diverse
single food items®®, card sort 2 contained mixed food
items®”, card sort 3 included only fruit, card sort 4 included
only vegetables, which were analysed for this manuscript
and card sort 5 contained diverse grains and cereals® .

Children were scheduled to perform the card sort
activities across two days, except for those with an early
morning appointment who had time to finish all the
activities in one day. Parents reported the participant’s
demographic data (gender, age, ethnicity, parents” highest
educational attainment and family income). On the first
day, height and weight were measured to estimate BMI.
Height was measured using a stadiometer (PE-AIM-101
from Perspective Enterprises), while weight was mea-
sured using an electric scale (SECA Alpha 882 from SECA
Corporation), both according to standardised protocol.
BMI was calculated as weight (kg)/height (m?). Age- and
gender-specific percentiles were obtained from the CDC
website®”.

PROP sensitivity was measured using the impregnated
tissue paper procedure®”. Each child was given two paper
discs. The first one, labelled with an odd number, con-
tained NaCl (1-0mol/), and a second disc, labelled with
an even number, contained PROP (0-280 (sp 0-002) mg,
with a coefficient of variation in concentration across discs
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of £2:29%). First, each child was asked to rinse their mouth
with bottled water, place the paper disk on the tip of their
tongue and eject it after 30s. Next, they drew a line on a
log scale, which ranged from 0 to 100 mm, with labels
as ‘barely taste it’, ‘weak’, ‘strong’, ‘very strong’ or ‘strongest
imaginable’, demarcating the intensity of taste®”. This line
intersection was measured with a ruler and the children
were classified as ‘non-tasters’, ‘medium tasters’ or ‘super
tasters’ following standardised protocol®”. The adminis-
tration of both paper discs were conducted in the same
manner. All research staff were trained on the protocols
of every task.

Card sorting

The FaV food items were selected from ten professionally
identified food categories (see Table 1) that were inten-
ded to be used with adults®”. The selection of items
within categories was based upon those most commonly
consumed by 8-13-year-old children from different ethnic
groups, and reflecting a consensus among a group of
dietitians and behavioural researchers. A small set of food
items that were components of or related to FaV or had
FaV names were included to assess their clustering.

Two sets of 4+in x 5%in cards were used (sixty-four
cards for vegetables and sixty-seven cards for fruits), each
containing a photograph and the typed name of the
selected food item. For each card sort, the child was
asked to sort the cards into piles of similar foods. Children
were allowed to make as many or as few piles as they
wanted. If there was a food they did not know, a ‘Don’t
know’ pile was permitted; and if they were not sure
where to place a food, a ‘Not sure’ pile was suggested. At
the child’s termination of sorting, the research staff went
through the ‘Don’t know’ and ‘Not sure’ food items and
asked the child to try to place each card in one of the
existing piles. The child was allowed to leave the cards as
‘Don’t know’ or ‘Not sure’ if she could not categorise the
cards with others. At the completion of sorting, the child
was asked to name each pile and then explain why she
had selected that particular name. In response to pilot
testing, participants were instructed not to sort foods as
‘healthy’ or ‘unhealthy’, nor ‘like’ or ‘don’t like’, since pilot
testing suggested some children might be doing this to
please the staff or were not grappling with categorisations.
Such labels, however, were accepted after the card sort in
the authors’ belief that they reflected the child’s categories if
done despite receiving these instructions. The research staff
recorded the name on a sticky note and attached it to the
top of each pile.

The child completed a food preference questionnaire
administered on a personal digital assistant (PDA) between
each card sort, which included all the foods depicted on
the cards. The food preference response categories were:
‘Never had it’, ‘Don't like it’, ‘Like it a little’ or ‘Like it a lot’.
Similar response categories were shown to provide reliable,
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Table 1 Professional categories and food items

Fruit card sort

Vegetable card sort

A. Baked goods
Al Fried apple pie
A2 Apple crisp
A3 Blueberry cobbler
A4 Key lime pie
A5 Peach cobbler
B. Beverages
B1 Apple juice
B2 Grape juice
B3 100 % Orange juice
B4 100 % Fruit juice blend
B5 Pineapple juice
C. Fruit and fruit juices
C1 Green apple
Cc2 Red apple
C3 Yellow apple
C4 Applesauce
C5 Fresh apricot
Cc6 Canned apricot
c7 Dried apricot
C8 Banana
C9 Blackberries
C10 Blueberries
C11 Cantaloupe/melon slice
C12 Cantaloupe/melon chunks
C13 Bing cherries
C14 Dried plums/prunes
C15 Fruit cocktail
C16 Fruit salad
C17 Grapes, red
C18 Grapes, black
C19 Grapes, green
C20 Grapefruit
C21 Honeydew melon

Cc22 Kiwi

Cc23 Lemon

C24 Lime

C25 Mandarin oranges
C26 Mango

c27 Nectarine

Cc28 Orange

Cc29 Papaya

C30 Fresh peach
C31 Canned peaches
C32 Green pear
C33 Yellow pear
C34 Red pear
C35 Brown pear
C36 Canned pear
C37 Pineapple chunks
C38 Fresh pineapple
C39 Plum
C40 Raisins
C41 Craisins™
C42 Raspberries
C43 Fresh strawberries
C44 Frozen strawberries
C45 Tangerine
C46 Watermelon, red
C47 Watermelon, yellow
D. Salty snacks
D1 Apple chips
D2 Banana chips
E. Sweets and sweeteners
E1 Candied apple
E2 Fruit popsicle
E3 Fruit roll-up

E4 Candied fruit slices
E5 Fruit runts

E6 Grape jelly

E7 Strawberry ice cream
E8 Strawberry jam

F. Baked goods

F1 Cornbread
F2 Sweet potato pie
F3 Pumpkin pie
G. Beans, peas, nuts, soya products
G1 Black beans
G2 15-bean soup
G3 Black-eyed peas
G4 Garbanzo beans
G5 Lentils
G6 Pinto beans
G7 Refried beans
H. Condiments, salsa, sauces
H1 Guacamole
H2 Hummus
H3 Hot pepper sauce
H4 Salsa
I. Fast food
1 Fried okra
12 Onion rings
13 French fries
14 Tater tots
15 Waffle fries
J. Salads
J1 Mixed field greens salad
J2 Caesar salad
J3 Cucumber and tomato salad
J4 Pea salad
J5 Salad with cheese
Jé Three bean salad
J7 Lettuce salad
J8 Potato salad
J9 Spinach salad
K. Vegetables and vegetable juice
K1 Asparagus
K2 Avocado
K3 Broccoli
K4 Broccoli with cheese
K5 Baby carrots
K6 Sliced carrots
K7 Carrot sticks
K8 Cauliflower
K9 Celery
K10 Celery stick
K11 Celery stick w/peanut butter
K12 Celery stick w/cheese

K13 Cherry tomatoes
K14 Coleslaw

K15 Corn

K16 Corn on the cob

K17 Sliced cucumber

K18 Green beans/string beans

K19 Cooked greens
K20 Pickled jalapefos
K21 Sliced jalapefios
K22 Lettuce leaf

K23 Mushroom

K24 Sliced mushroom
K25 Green peas

K26 Green pepper
K27 Red pepper

K28 Baked potato
K29 Mashed potato
K30 Cooked spinach

K31 Yellow squash

K32 Sweet potatoes, mashed
K33 Baked sweet potatoes
K34 Sliced tomato

K35 Yellow wax beans

K36 Zucchini
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simple and valid assessments of FaV preferences®®. They
additionally used the PDA to answer a food frequency
questionnaire on how often they consumed each of the
food items during the previous week®®. The frequency of
consumption response categories were: ‘Never eaten this’,
‘Didn’t eat it in last 7 days’, ‘Ate it 1-2 times’, ‘Ate it 3-5
times’, ‘Ate it 67 times’ or ‘Ate it more than 7 times’. These
response categories have also been shown to provide
reliable responses®®. The back of each food card con-
tained a distinct bar code. The name given by the child (as
recorded on the sticky note labels by the research staff) for
each pile was first typed into a computer database, and the
food items in the pile were scanned with a bar code reader
(to minimise data entry errors) at the end of each morning’s
data collection. Monetary compensation was provided to
each child, as well as a brochure on healthy diet and phy-
sical activity practices; and they had questions answered
about healthy diet and physical activity practices at the end
of their participation.

Data processing and analyses

The samples were depicted by their demographic and
anthropometric characteristics using descriptive statistics
(means, standard deviations, frequencies, percentages).
Participants were separated into normal weight (BMI-
for-age <85th percentile), at risk of overweight (85th
percentile = BMI-for-age < 95th percentile) or overweight
(BMI-for-age = 95th percentile) groups. Mean number
of card sort piles was tested across demographic
characteristics using one-way ANOVA and Tukey’s pair-
wise comparisons.

Two levels of data coding were employed for the card
sort naming process. First, the child-provided pile names
were coded into similar labels (second-level categories)
to create consistency across the children, while maintaining
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the basic integrity of the name given by the child. For
example, pile names such as ‘made from fruits’, ‘modified
fruits’, ‘things you can make with fruit’, were uniformly
labelled ‘made from fruit’ (second-level name); ‘one
veggie’, ‘plain vegetables’, ‘vegetables group’, were uni-
formly labelled ‘vegetables’. In situations where a child
generated a category with two names (e.g. ‘dried and
canned fruit), the first name, ‘dried fruit’, was always
selected. In some cases (e.g. ‘not plant related’), collap-
sing across child-generated categories was not possible.
Two dietitians coded each child’s pile names, and dis-
agreements were evaluated and resolved by group
consensus (among all the authors).

Previous studies have categorised food groups using
categories reflecting cognitive organising character-
istics®”. Eleven categories were used for third-level
categorisation of the second-level food group names (see
Table 2). These third-level categories were sequenced to
reflect our best judgement about cognitive development,
ranging from simpler ego-oriented categories (Evaluative
— Preferences: e.g. Like/Don’t like) to categories imposing
and requiring a cognitive framework reflecting nutrition
knowledge (see Table 2). Two dietitians did the initial
categorisation of level-2 names independently into
level-3 categories; inconsistencies were resolved by con-
sensus among the authors. Cross tabulation was used to
assess association of the third-level categories with the
original professional categories. To probe differences in
distributions by the third-level categories, the sample was
separated into subgroups based on demographic sub-
categories. Because the percentages were not mutually
exclusive across categories, x° tests were not used.
However, meaningful differences were estimated as a
=25 % difference in distribution among characteristics for
each classification.

Table 2 Types of food categories varying from simples to most complex

Conceptual match categories

Example

(A) Characteristics of me
(B) Concrete characterisation of
the food

(2) Specific category

(8) Food characteristics
(C) Requires some knowledge of (4) Script
a common culture
(5) Food preparation

(6) Thematic

(7) Taxonomic — Ethnic/places

(D) A purpose for the food (8) Goal
(E) Requires some knowledge or (9) Evaluative — Health
perception of the health effects Perception

of foods
(F) Requires knowledge of
professional groupings

(11) Nutrient composition

(1) Evaluative — Preferences

(10) Taxonomic — Professional

Like/Don’t like
Name of the picture

Colours, texture, taste, shape (flat, round, etc.)

Scheme for a routine event: lunch, snack, birthday,
dinner, etc.

Baked, cooked, frozen, packaged

Groups of objects that are associated or have a
complementary relationship (e.g. cereal with milk); or any
ingredient that is part of the food item or is associated with it
(e.g. peanut butter and jelly)

Ethnic food and places (e.g. Mexican, Chinese, restaurant,
cafeteria, home foods, etc.)

Foods have a function: extras, add-ons

Good/bad, healthy/unhealthy/junk food

Based on common properties or similarities among the
categories (e.g. beverages, grains, dairy foods, plant
related, farm group, etc.)

Macro- and micronutrients
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A study-specific FORTRAN program was used to create
proximity matrices, reflecting the relationships among
items in the piles created by the children. The proximity
matrix for the sixty-seven fruit items was a symmetric
67 X 67 matrix of co-occurrence inputs. For example, the
value of 124 in column (C) 26, row (R) 27 indicated that
124 of 152 children put blueberries (C26) and raspberries
(R27) in the same pile. In contrast, the value of 1 in C26
and R66 indicated only one of 152 children put blue-
berries (C26) and apple juice (R67) in the same pile,
suggesting that nearly all children perceived blueberries
and apple juice as not similar. In the case of the vege-
tables, the symmetric proximity matrix was of 64 X 64
co-occurrence inputs. To assess possible differences in
the clustering of food items, proximity matrices were
estimated within demographic characteristic strata.

Robinson matrices (see Fig. 1) provide a clustering
procedure with general restrictions®”. A matrix is in anti-
Robinson form if the values in a dissimilarity matrix
increase as they move away from the diagonal; a simi-
larity matrix is said to be in Robinson form if the values
decrease as they move away from the diagonal(56) . The
Robinson (similarity) matrix was modified to a dissim-
ilarity (anti-Robinson) matrix by subtracting the number
of paired food items from the total number of children
and then analysed using Matlab7.0 m-files for anti-
Robinson matrices®”. The output matrix was converted
back to a similarity file and ultimately standardised. Cut
points®*** were used to define the levels that were from
most similar to the least similar: (a) the most similar food
items (values =3) had a square icon in Fig. 1; (b) highly to
moderately similar food items (values between 3 and 2)
had a circle icon; (¢) moderately similar (values between
2 and 1) had a triangle icon; and (d) least similar foods
(values <1) had blank cells. A more complete discussion
of (antd) Robinson matrices may be found else-
where®?®_ The clusters resulting from the Robinson
matrix analyses were named based on the most common
name used by the children for labelling the correspond-
ing food piles. For each food item, mean preference
and frequency of consumption were computed and
sequenced in order of priority.

Results

A total of 152 children were recruited for the study and
completed the FaV card sorts; five children were exclu-
ded from the vegetable card sort because of missing data
(see Table 3). For demographic characteristics, 56-6%
were female; 89-5% were predominantly English speak-
ing; 43-4% Hispanic; 56:6% had normal BMI; 50-7%
had above >$60000/year family income; 52:0% had a
college graduate or higher education at home; 46-7 % were
PROP medium tasters; and were approximately similarly
distributed across the ages of 8-13 years (Table 3).
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Children created an average of 8-5 (5-3) piles with 7-9
(11-4) cards per pile for the fruit card sort and an average
of 10-1 (4-8) piles with 6-2 (7-9) cards per pile for the
vegetable card sort. No differences were found across
characteristics for the number of vegetable piles. No
significant differences were detected in the number of
fruit piles across gender, age, ethnicity and BMI or PROP
taster status. Spanish-speaking children generated sig-
nificantly (F(1, 150) = 10-45, P=0-002) more fruit piles
(mean 12-4 (sp 6-9)) than English-speaking (mean 8-1
(sp 4-9)) children. Participants with a $20000-$59 000
household income had significantly (F(2, 148) = 5-24,
P=0-006) more fruit piles (mean 10-8 (sp 6-1)) than those
with a >$60000 household income (mean 7-6 (sp 4-6)).
Although results yielded significant main effects among
race/ethnic groups, no significant pairwise comparison
differences were observed.

The correlation for number of piles or categories
between FaVcard sorts was 0-5. The correlation for
number of piles from the FaV card sorts with the number
of piles in card sort 1 (foods from eighteen diverse pro-
fessionally identified food categories) was 0-24 and 0-42,
respectively®; and with the number of piles in card
sort 2 (foods from fourteen professionally identified
complex food categories) was 0-35 and 0-48, respec-
tively®”. All correlations were significant (P<0-01).
These generally modest correlations suggest that the
numbers of categories are not simply a function of a
child’s usual cognitive approach to categorisation.

The Robinson matrix for all children for the fruit card
sort is presented in Fig. 1. Because this matrix accounted
for 98% of the variance, no analyses of the residual
matrices were performed. The letter and number pre-
ceding each food identifies the professional category
from Table 1. The first cluster was labelled ‘Dessert/Script’
and included E7 Strawberry ice cream, A3 Blueberry
cobbler and A4 Key lime pie. The largest cluster labelled
‘Sliced/Food Characteristic’ (considering the most com-
monly used names by the children), was from C28
Orange to C21 Honeydew melon. The clusters in Fig. 1
were successively labelled dessert, pies, sweet foods,
made from fruit, dried, berries, grapes, fresh/natural,
pear, sliced, yellow group and juices. This analysis
revealed that perceived dessert items were least similar to
juices. The vegetable card sort clusters (not shown) were
successively labelled as salads, vegetables with toppings,
green colour, vegetables, peppers, potatoes, beans, fries
and pies. No substantial differences in Robinson cluster-
ing of FaV were detected across subcategories for each of
the demographic characteristics.

The range of mean fruit preference values (2:2-3-7)
was narrow. There were no obvious patterns in the
sequence of items by preference for fruit. Although the
range of mean preferences (2-1-3-5) was similar for
vegetables, the values were lower, and items from the
white potato group were towards the more preferred end
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Table 3 Fruit and vegetables card sorts (CS): descriptive statistics for number of piles by demographic characteristics

Fruit CS Vegetable CS
No. of piles No. of piles

Characteristic n % Mean SD n % Mean SD
Total 152 100-0 8-5 5-3 147 100-0 10-1 4-8
Gender

Male 66 43-4 7-8 4-8 64 43-5 9-7 4-8

Female 86 56-6 91 5-6 83 56-5 10-4 4.9
Age (years)

8 23 15-1 9-3 5.7 21 14-3 114 5-1

9 27 17-8 9-4 6-1 26 17-7 10-7 55

10 34 224 6-9 3-5 32 21-8 9-0 5-1

11 26 171 9-4 65 26 17-7 11-5 5-3

12 15 9-9 8-9 41 15 10-2 9-9 4-0

13 27 17-8 8-0 4.9 27 18-4 87 31
Language spoken*

English 136 89-5 8-1 4.9 131 89-1 9-:9 4-8

Spanish 16 10-5 12-4 6-9 16 10-9 12:2 4-8
Race/ethnicityt

White 47 30-9 7-3 4-6 47 320 9-2 39

African-American 37 24-3 7-5 4-5 34 231 9-:0 5-3

Hispanic 66 43-4 9-8 5-8 64 43-5 11-4 5-0

Other 2 1-3 14-0 5.7 2 1-4 10-0 4.2
Obesity index

Normal 86 56-6 8-9 5-4 82 55-8 10-5 4-4

At risk 28 184 8-9 6-3 28 19-0 114 6-2

Overweight 37 24-3 7-5 41 36 24-5 8:5 4-3

Missing 1 0-7 4-0 n/a 1 0-7 3-0 n/a
Household incomet

<$20000 24 15-8 10-3 5-6 20 136 12-4 4-0

$20000-$59 000 32 211 10-8 6-1 31 211 10-1 4-6

=$60 000 77 50-7 7-6 4-6 77 52-4 10-2 4.7

Missing 19 12-5 6-3 4.3 19 129 7-6 5-8
Highest household education

HS graduate or less 34 22-4 9-9 5-8 31 211 12-4 4-4

Some college/technical school 23 15-1 9-3 5-4 22 15-0 8-8 39

College graduate 79 52-0 81 5-0 78 531 10-2 4-6

Missing 16 10-5 6-6 4-4 16 10-9 7-3 6-0
PROP

Non-taster 34 22-4 7-3 39 33 22-4 107 5-5

Medium taster 71 46-7 9-2 5-4 69 46-9 10-9 4-3

Super taster 46 30-3 8-5 5-8 44 29-9 8-7 4-9

Missing 1 0-7 4-0 n/a 1 0-7 3-0 n/a

Obesity index: normal weight, BMI-for-age < 85th percentile; at risk of overweight, 85th percentile = BMI-for-age < 95th percentile; overweight, BMI-for-
age > 95th percentile. HS, high school; PROP, 6-n-propylthiouracil.

Missing category & ‘Other’ Race/Ethnicity not included in testing differences among number of piles.

*Significant effect [F(1,150) = 10-45, P= 0-002] for Language group Fruit CS.

tSignificant effect for Race/Ethnicity Fruit CS [F(2,147) = 4-15, P=0-018] and Vegetables CS [F(2,142) = 4-25, P = 0-016]; however, post hoc tests yielded no
significant (P < 0-0167) pairwise comparisons.

tSignificant effect [F(2,148) = 5-24, P=0-006] for Fruit CS household income; post hoc tests yielded significant (P=0-013) pairwise difference between
$20 000-$59 000 and at least $60 000.

of the list. These means translate to values between
2 = ‘never had it’ and 4 = ‘liked it a lot’. Mean consump-
tion was between 1-7 and 2-8 for both FaV items. These
means translate to values between 1 = ‘never eaten this’
and 3 = ‘ate it 1-2 times per week’. As might be expected,
as preference decreased there was a general trend for
frequency of consumption to decrease, for both FaV.
Correlations between mean preferences and consump-
tion were 0-90 and 0-85 for FaV items, respectively.
Food cards were the unit of analysis in Table 4. In the
fruit card sort, there were 589 level-1 pile names given by
the children that were coded into 120 level-2 names,
which were then categorised into the eleven level-3
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categories (see Table 2). For the vegetable card sort, there
were 500 level-1 pile names and 126 level-2 names.
Children categorised most (modal response) of the fruit
and vegetable cards into ‘Taxonomic — Professional’
(51:8% and 52:1%, respectively) level-3 categories
(bottom row in Table 4).

Differences in the third-level categories by demo-
graphic characteristics for the FaV card sort are presented
in Tables 5 and 6, respectively (cell percentages with
child as the unit of analysis). A difference of 25% or
greater across demographic categories was considered
important. In the fruit card sort, the majority of children
(146) used the ‘Taxonomic — Professional classification’,
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E7. Strawberry ice cream
A3. Blueberry cobbler
Ad. Keylime pie

Dessert
SCRIPT

A2. Apple crisp Pies -
A1 Fried apple pie TAX-P -

E2. Fruit popsicle .
E3. Fruit roll-up .
E5. Fruit runts
E4. Candied Fruit slices -
AS. Peach cobbler
E1. Candied Apple
E6. Grape jelly

E8. Strawberry jam
Ca. Applesauce
D1. Apple chips
D2. Banana chips
C41. Craisins™ L]
C7. Dried Apricot

Ca4. Frozen Strawberries
C14. Dried plums/prunes
C40. Raisins

C15. Fruit cocktail

C16. Fruit salad

C9. Blackberries

C10. Blueberries

C42. Raspberries.

C13. Bing Cherries

C43. Fresh Strawberries
C18. Grapes, black

C17. Grapes, red

C19. Grapes, green

C27. Nectarine

C2. Red Apple

C1. Green Apple

C3. Yellow apple

C39. Plum

C26. Mango

C20. Grapefruit

C8. Banana

C30. Fresh Peach

C34. Red pear

C32. Green pear

Sweet
CHARACT

Made
from fruit
THEMATIC
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Dried fruit
CHARACT
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Berries
TAX-P

Grapes
TAX-P

Fresh/
natural
CHARACT

C33. Yellow pear
C35. Brown pear

C28. Orange

C45. Tangerine

C46. Watermelon, red

C22. Kiwi

C38. Fresh Pineapple

C47. Watermelon, yellow
C11. Cantaloupe/melon slice
C5. Fresh Apricot

C37. Pineapple Chunks

C25. Mandarin oranges
C21. Honeydew melon

C12. Cantaloupe/melon chunks
C29. Papaya

C31. Canned Peaches
C36. Canned Pears

C6. Canned Apricot

C23. Lemon

C24. Lime

BS5. Pineapple juice

B3. 100 % Orange juice
B4. 100% fruit juice blend
B1. Apple juice

B2. Grape juice

Pear
TAX-P

Sliced fruit
CHARACT

Yellow group
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TAX-H
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Symbols represent the degree of similarity among items based on standardized values where the box represents clusters with the greatest similarity.

Fig. 1 Robinson matrix of sorting fruit food items into piles

followed by the ‘Don’t Know, Not Sure, Not matched’
(122), and the ‘Thematic — Complementary relationship’
(104) classifications. Twelve-year-old children used
‘Food Characteristic’ (i.e. colour, texture, shape), more
frequently than 10-year-old children (80% v. 47-1%).
Eleven- and 13-year-old children used ‘Script — Scheme’
(i.e. breakfast, lunch, party food) to classify the food
items more than the 9-year-old children (46-2% and
44+4% v. 18:5%). Twelve-year-old children used ‘Food
preparations’ more than anyone; 10- and 1l-year-old
children used the ‘Food preparation’ classification more
than the 8-year-olds group (38:2% and 42:3% v. 13-0%)
and 11-year-old children used this classification more
frequently than the 9-year-old children (42:3% v. 18-5%).
Spanish-speaking children used ‘Thematic — Comple-
mentary relationship’ (i.e. cereal and milk) classification
more than the English-speaking children (93-8% v. 654 %).
Hispanic children used ‘Specific — Food item’ (i.e. the
name of the food in the picture) more frequently than
White children (72:7% ov. 40-4%). Children at risk of
obesity used ‘Food Characteristic’ to classify the food
items more than overweight children (75:0% v. 37-8%).

https://doi.org/10.1017/51368980008002516 Published online by Cambridge University Press

Children in the lowest and medium household income
used the ‘Specific — Food item’ classification more than
children in the highest household income (87:5% and
78:1% wv. 48:1%). The same situation was seen with
children in the lowest educational attainment (79-4 %)
compared to the highest household education group
(53:2%). There were no important differences among
the third-level conceptual categories by gender or PROP
taster status. In the vegetable card sort, the majority of
children (144) used the ‘Don’t Know, Not Sure, Not
matched’” followed by the ‘Taxonomic — Professional
classification” (140), and the ‘Specific — Food item’ (85)
classification. Eight-, 9- and 10-year-old children used
‘Food Characteristic’, more frequently than 10- and 13-
year-old children (81-0%, 69-2% and 73-1% v. 37-5% and
37-0%). Eight- and 11-year-old children used ‘Thematic —
Complementary relationship’ to classify the food items
more than the 12- and 13-year-old children (71-4% and
61:5% v. 33:3% and 33:3%). Thirteen-year-old children
used the ‘Food preparation’ classification more than the
8- and 9-year-olds group (51:9% v. 9:5% and 15-4%).
Spanish-speaking children used ‘Specific — Food item’ and
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‘Thematic — Complementary relationship’ classifications
more than the English-speaking children (87-5% v. 54:2%
and 87-5% v. 45-8%, respectively). White children used
significantly more ‘Script — Scheme’ classification than
the Hispanic children (40-4% v. 9-4 %). Hispanic children
used ‘Thematic — Complementary relationship’ signifi-
cantly more frequently than White and African-American
children (67-2% v. 38:2% and 36-2%). Children in the
lowest household income used the ‘Specific — Food item’
and ‘Thematic — Complementary relationship’ classifica-
tion significantly more than children in the medium and
highest household income (83-9% v. 50-0% and 53-8 %;
74:2% v. 45°5% and 46:2%). Children in the lowest
household income (58:1%) group used ‘Goal — Have a
function’ more than the children in the medium household
education group. There were no important differences in
the vegetable card sort among the third-level conceptual
categories by gender, BMI or PROP taster status.

Discussion

The 8-13-year-old children tended to categorise FaV
using Robinson matrix clustering in a similar way with no
substantial differences across demographic characteristics
(data not presented). We were expecting to find an age
group in this age interval, below which the children could
not do the tasks or did them in a very different way.
No such age cut-off was detected. Preference and con-
sumption did not appear to play a major role in differ-
entiating the FaV categories. There were substantial
differences, however, in the names used for the cate-
gories (Tables 5 and 6).

Children did not appear to classify FaV food items in the
same way as experts in the field. Children tended to sub-
classify the larger categories defined by professionals and
combined items across some of the categories (Fig. 1 and
Table 1). The only cluster created by the children that was
similar to the professionally defined categories for the fruit
card sort was juices/Taxonomic — Professional, which was
similar to the ‘fruit and fruit juice’ professional category. For
the vegetable card sort salads/Taxonomic — Professional,
vegetables/Taxonomic — Professional and beans/Taxo-
nomic — Professional clusters were similar to the ‘salads’,
‘vegetables and vegetable juice’ and ‘beans, peas, nuts, soy
products’ professional categories. Children tended to create
some distinctive categories that did not resemble the pro-
fessional categories, e.g. in the fruit card sort, clusters were
identified by food characteristics such as: dried, sliced,
yellow group, sweet food, and fresh/natural. In the case of
the vegetable card sort, children created subclusters like:
peppers, potatoes, fries and pies, grouping food items
based on common properties among the food items.

The methods employed in the present study were similar
to those used in other studies, but with different food
items"*. Children who were 5-11-years-old classified a
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Table 5 Conceptual match for fruit card sort by demographic characteristics

Taxonomic —
Food Goal —  Evaluative — Professional:
Food char. — Script — Thematic — preparation — Have Health common Nutrient
Evaluative Specific  colour, scheme: Complementary baked, Taxonomic —  a function: Perception: properties/ composition — Don’t know,
— Like/ —Food texture, lunch, relationship: cooked, Ethnic food or  add-ons,  good/bad, similarities Macro/micro not sure, not

Characteristic n % Don't like item shape birthday  cereal + milk frozen places extras, etc.  junk, etc. (salads, juices) nutrients matched
Number of students 152 100-0 2 93 84 54 104 51 1 10 14 146 3 122
Gender

Male 66 434 15 54-5 56-1 227 68-2 31-8 15 3-0 121 985 15 86-4

Female 86 566 12 66-3 547 45-3 686 34-9 0-0 9-3 7-0 94-2 2-3 756
Age (years)

8 23 151 43 696 522 26-1 739 13.0° 0-0 4-3 87 91-3 0-0 95-7

9 27 17-8 00 59-3 51-9 18-5P 70-4 18-5>° 0-0 111 185 100-0 37 92:6

10 34 224 29 52-9 47-1° 41-2 735 38-2° 29 8-8 59 97-1 0-0 70-6

11 26 17-1 00 69-2 50-0 46-2° 615 42-3° 0-0 3-8 3-8 96-2 3-8 80-8

12 15 99 00 73:3 80-0% 33:3 53-3 60-0% 0-0 67 6-7 100-0 0-0 86-7

13 27 178 00 51-9 63:0 44.42 70-4 37-0° 0-0 37 111 92:6 37 63-0
Language spoken

English 136 895 15 58-8 56-6 375 65-4° 36-0 0-7 7-4 10-3 956 2:2 787

Spanish 16 105 00 81-3 43-8 18-8 93-8% 125 0-0 0-0 0-0 100-0 0-0 93-8
Race/ethnicity

White 47 309 21 40-4° 511 48-9 617 319 0-0 10-6 10-6 95-7 6-4 70-2

African-American 37 243 27 64-9 595 24-3 595 43-2 27 0-0 10-8 91-9 0-0 89-2

Hispanic 66 434 00 72.7% 56-1 33:3 77-3 30-3 0-0 7-6 6-1 98-5 0-0 83-3

Other* 2 1-3 00 100-0 50-0 0-0 100-0 0-0 0-0 0-0 50-0 100-0 0-0 50-0
Obesity index

Normal 86 566 23 62-8 57-0 36-0 67-4 30-2 0-0 10-5 11-6 977 2:3 81-4

At risk 28 184 00 46-4 75-0° 39-3 67-9 42-9 0-0 0-0 36 92-9 0-0 821

Overweight 37 243 00 70-3 37-8% 297 73:0 35-1 27 27 81 94-6 27 757

Missing* 1 07 00 0-0 0-0 100-0 0-0 0-0 0-0 0-0 0-0 100-0 0-0 100-0
Household income

<$20000 24 158 00 87-5% 50-0 25-0 79-2 33-3 0-0 0-0 83 100-0 0-0 95-8

$20 000-$59 000 32 2111 00 78-12 56-3 21-9 875 34-4 0-0 31 9-4 100-0 0-0 906

=$60 000 77 507 13 48:-1° 54-5 45-5 62-3 338 1-3 1.7 10-4 94-8 2:6 72-7

Missing* 19 125 53 526 63-2 316 47-4 316 0-0 0-0 5-3 89:5 5-3 737
Highest household
education

HS graduate or less 34 22:4 00 79-4% 441 235 85-3 29-4 0-0 29 5-9 100-0 0-0 94-1

Some college/ 23 15-1 00 696 522 43-5 65-2 34-8 0-0 4-3 17-4 100-0 0-0 78-3

technical school

College graduate 79 520 13 53-2° 58-2 39-2 68-4 34-2 1-3 10-1 89 94-9 2:5 75-9

Missing* 16 105 63 50-0 68-8 31-3 375 375 0-0 0-0 6-3 875 6-3 75-0
PROP

Non-taster 34 224 00 55-9 52-9 29-4 735 235 0-0 11-8 147 100.0 0-0 79-4

Medium taster 71 467 2-8 62-0 52-1 38-0 73-2 38-0 1-4 56 7-0 95-8 2-8 81-7

Super taster 46 30:3 00 65-2 63-0 34-8 587 34-8 0-0 4-3 87 93-5 2:2 78-3

Missing* 1 07 00 0-0 0-0 100-0 0-0 0-0 0-0 0-0 0-0 100-0 0-0 100-0

Obesity index: normal weight, BMI-for-age < 85th percentile; at risk of overweight, 85th percentile = BMI-for-age < 95th percentile; overweight, BMI-for-age > 95th percentile. HS, high school; PROP, 6-n-propyl-
thiouracil.

Number of children for each conceptual category not mutual exclusive.

Subscript notation: % a meaningfully significantly higher than % b; % ¢ meaningfully significantly higher than % d.

Values in columns for each of the conceptual categories represent the percentage of children with the corresponding characteristics who used the category- For example, 1-5 in the ‘Male’ row and ‘Evaluative’ column
indicate that 1-5 % of the sixty-six males used an evaluative label for at least one of the piles.

*Not included in comparison of meaningfully significantly differences (% differences > 25 %).
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Table 6 Conceptual match for vegetable card sort by demographic characteristics

Taxonomic — Don’t
Food Professional: Know,
Script — Thematic — preparation — Goal — Have Evaluative — common Nutrient Not
Evaluative — Food scheme: Complementary baked, Taxonomic — a function: Health Perception: properties/ composition —  Sure,
Like/Don’t Specific —  char. — colour, lunch, relationship: cooked, Ethnic food add-ons, good/bad, similarities Macro/micro Not
Characteristic n % like Food item texture, shape birthday cereal + milk frozen or places extras, etc. junk, etc. (salads, juices) nutrients matched
Number of students 147 100-0 6 85 69 34 74 42 15 66 19 140 8 144
Gender
Male 64 435 32 60-3 46-0 22:2 50-8 27-0 95 42-9 111 937 95 100-0
Female 83 565 4-8 56-6 48-2 241 506 30-1 10-8 47-0 14-5 97-6 24 97-6
Age (years)
8 21 14-3 4-8 81-0% 52-4 95 71-42 9-5° 95 61-9 95 90-5 0-0 100-0
9 26 177 77 69-2% 46-2 231 50-0 15-4° 77 50-0 231 96-2 3-8 100-0
10 32 218 31 37-5° 375 281 50-0 281 12:5 375 31 96-9 63 93-8
11 26 177 0-0 7317 42-3 19-2 61-5% 30-8 11-5 46-2 19-2 96-2 77 96-2
12 15 102 67 60-0 46-7 26-7 33-3° 33-3 13-3 40-0 6-7 100-0 6-7 100-0
13 27 184 37 37-0° 59-3 296 33-3° 51-92 7-4 37-0 14-8 926 7-4 100-0
Language spoken
English 131 891 3-8 54-2° 47-3 25-2 45-8° 305 115 45-0 14-5 947 61 977
Spanish 16 109 6-3 87-5% 43-8 63 87-5% 12:5 0-0 43-8 0-0 100-0 0-0 100-0
Race/ethnicity
White 47 320 21 55-3 44-7 40-4° 36-2° 319 12-8 48-9 10-6 93-6 6-4 95-7
African-American 34 231 0-0 441 441 265 38-2° 35-3 17-6 41-2 147 94-1 8-8 971
Hispanic 64 435 7-8 67-2 48-4 9-4° 67-22 234 4.7 45-3 12--5 96-9 31 100-0
Other* 2 1-4 0--0 50-0 100-0 0-0 50-0 0-0 0-0 0-0 50-0 100-0 0-0 100-0
Obesity index
Normal 82 558 0-0 63-4 43-9 29-3 46-3 256 12:2 48-8 13-4 96-3 4-9 98-8
At risk 28 190 10-7 60-7 60-7 107 571 357 3-6 53-6 14-3 96-4 3:6 96-4
Overweight 36 245 8-3 44-4 41-7 167 556 30-6 111 30-6 111 94-4 8:3 100-0
Missing* 1 0-7 0-0 0-0 100-0 100-0 0-0 0-0 0-0 0-0 0-0 0-0 0-0 0-0
Household income
<$20000 20 136 5-0 85-0% 55-0 10-0 65-0 300 15-0 50-0 5-0 100-0 0-0 100-0
$20 000—$59 000 31 211 65 54-8° 61-3 129 61-3 25-8 32 45-2 16-1 935 32 96-8
=$60 000 77 52-4 2:6 55-8° 44-2 29-9 46-8 31-2 1.7 455 11-7 96-1 65 97-4
Missing* 19 129 53 421 26-3 26-3 316 211 10-5 36-8 211 89-5 10-5 100-0
Highest household
education
HS graduate or less 31 21-1 3-2 83-97 51-6 65 7422 290 9-7 58-12 12-9 96-8 32 100-0
Some college/ 22 150 45 50-0° 59-1 27-3 45-5° 182 45 27-3° 136 955 91 955
technical school
College graduate 78 531 38 53-8° 44-9 28-2 46-2° 321 115 47-4 115 96-2 51 98-7
Missing* 16 109 6-3 375 31-3 25-0 31-3 25-0 125 31-3 18-8 875 6-3 93-8
PROP
Non-taster 33 224 3-0 515 60-6 121 39-4 36-4 91 455 212 93-9 91 97-0
Medium taster 69 469 4-3 68-1 44-9 20-3 65-2 246 101 52:2 8:7 971 4-3 100-0
Super taster 44 299 45 477 386 34-1 36-4 295 11-4 34-1 13-6 95-5 4-5 977
Missing* 1 07 0-0 0-0 100-0 100-0 0-0 0-0 0-0 0-0 0-0 0-0 0-0 0-0

Obesity index: normal weight, BMI-for-age < 85th percentile; at risk of overweight, 85th percentile = BMI-for-age < 95th percentile; overweight, BMI-for-age > 95th percentile. HS, high school; PROP, 6-n-propyl-
thiouracil.

*Not included in comparison of meaningfully significantly differences (% differences > 25 %).

Number of children for each conceptual category not mutual exclusive.

Subscript notation: % a meaningfully significantly higher than % b; % ¢ meaningfully significantly higher than % d.

Values in columns for each of the conceptual categories represent the percentage of children with the corresponding characteristics who used the category. For example, 3-2 in the ‘Male’ row and ‘Evaluative’ column
indicate that 3-2 % of the sixty-four males used an evaluative label for at least one of the piles.

*Not included in comparison of meaningfully significantly differences (% differences > 25 %).
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Fruit and vegetables are similarly categorised by 8-13-year-old children 185

set of single and mixed dishes using categories similar to
those found in the present study, e.g. as semantic char-
acteristics (Taxonomic — Professional), functional criteria
(Script — Scheme), and nutritional quality (Evaluative —
Health Perception) and preference (Evaluative — Like/
Don't like)*®. Category labelling was affected by age in
the current study (Tables 5 and 6) and by age-related
cognitive ability in the other study®. Insufficient data
were presented in the earlier study to directly assess
convergence. In the present study, there were essentially
linear trends by age with increasing use of script schema
for fruit, and food preparation for vegetables; and
decreasing use of Thematic — Complementary label for
vegetables. These patterns suggest increasing knowledge
of food preparation practices by age and otherwise
increasing cognitive complexity by age. More studies are
needed to clarify these findings.

The modal category of response was the more complex
cognitive classification of “Taxonomic — Professional’. This
pattern of using more complex classifications of food
items was found in card sorts with different food
items®>?”. This suggests prevalent common knowledge
of food group categories. The substantial diversity of
child-provided names to label these third-level categories
however suggests these labels were learned from families
rather than learning consistent names in schools. A
greater emphasis on nutrition in schools might induce
more homogeneity in the second-level categories used.

The correlation for the number of piles between the
FaV card sorts was moderate (0-5). This correlation was
similar when done with the number of piles of mixed
foods and vegetables (0-48), but diminished with fruit
(0-35)%%*” The correlations for numbers of piles
between the FaV card sorts with diverse single items
foods were 0-24 and 0-42, respectively®®*”. This sug-
gests that children have a moderate tendency to classify
foods into the same numbers of categories, which likely
reflects some aspect of their cognitive complexity>”.
Moreover, the same food items such as banana and apple
were grouped in different categories within different card
sorts. In card sort 1, composed of diverse single food items,
apple sauce was categorised as ‘Evaluative — Health Per-
ception’, and fruit cocktail as “Taxonomic — Professional .
In card sort 2 (contained mixed dishes)®”, banana was also
well classified as ‘Taxonomic — Professional’. This implies
that depending on the context, children identified food
items in different categories. Consequently, the same food
item may need to be listed in multiple food categories to
ease their being found in a 24 hdr. A single set of clusters
accounting for 98% of the variance across all children in
fruit and in vegetables, and the lack of substantial differ-
ences in clustering by demographic categories, suggest that
the same food categories can be used with all children for
FaV search in a computerised 24 hdr.

The larger number of categories for FaV among the
Spanish-speaking children over the English-speaking

https://doi.org/10.1017/51368980008002516 Published online by Cambridge University Press

children suggests the Spanish speakers had more
experience with FaV and thereby more labels. Hispanic
children using FIRSSt reported more problems of use!?;
this suggests that a Spanish version of the computerised
24hdr may need to include more categories to reflect
their increased cognitive complexity.

Obese children have been shown to emotionally
respond to food cues®”. The lack of substantive differ-
ences in the clustering and the labelling of FaV across BMI
categories suggest that these emotional reactions®" did
not involve differences in their cognitive organisation
of FaVv.

Dietary guidance may be better understood if food
categories are based on how the target audience cate-
gorises food rather than the nutrient content of food®®.
Nutrition educators may benefit from understanding
children’s categorisation by discussing the nutrient com-
position and health benefits (or lack thereof) of con-
suming foods within each of the child-specified clusters.
Nutrition educators should encourage more consistent
use of labels for the clusters identified, and move children
away from using simpler cluster names (e.g. sliced fruit,
fresh/natural).

Limitations of the present exploratory study were the
small sample for some subgroups, particularly the ethnic/
language groups; thus not allowing for extensive exam-
ination by child characteristics. The sample was limited to
8-13-year-old children; it is not clear how this categor-
isation of foods would differ among younger or older
children. Since the sample was recruited from the CNRC
participant database, it is not clear to what extent the
sample was representative of any larger population.
Strengths of this study were the thorough consistent
methods applied by trained data collectors and the use of
state-of-the-art statistical methods.

Conclusion

Children who were 8-13-years-old tended to categorise
foods in consistent ways. FaV were classified mostly into
a ‘Taxonomic — Professional’ category. These categories
should be tested for use in a hierarchical food search
strategy in a computerised 24 hdr for children.
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