Cognitive research enhances accuracy of food frequency questionnaire reports: results of
an experimental validation study

ABSTRACT

Objective To test whether changes to a food frequency questionnaire (FFQ) based on cognitive
theory and testing result in greater accuracy. Accuracy was examined for 4 issues: 1) Grouping:
asking about foods in single versus separate questions; 2) Different forms of food: asking
consumption frequency of several forms of a food (eg, skim, 2%, whole milk) versus a nesting
approach involving frequency of the main food (eg, milk) and proportion of times each form was
consumed; 3) Additions (eg, sugar to coffee): asking independent of the main food versus nested
under the main food; 4) Units: asking frequency and portion size versus frequency of units (eg,
number of eggs).

Design Participants in 2 randomly assigned groups completed 30 consecutive daily food reports
(DFRs), followed by 1 of 2 FFQs that asked about foods consumed in the past month. One was a
new cognitively-based National Cancer Institute (NCI) Diet History Questionnaire (test-DHQ);
the other was the 1992 NCI-Block Health Habits and History Questionnaire (HHHQ).
Subjects/setting 623 participants, 25-70 years, from metropolitan Washington, DC

Statistical analyses performed DFR and FFQ responses were compared using categorical
(percent agreement) and continuous (rank order correlation, discrepancy scores) agreement
statistics.

Results Grouping: accuracy was greater using separate questions. Different forms of food:
accuracy was greater using nesting. Additions: for mayonnaise and sugar and milk added to
coffee, accuracy was greater using independent questions; for milk on cereal and margarine on

bread, accuracy was greater using nesting. Units: neither approach was consistently superior.



Conclusions Accuracy of FFQ reporting can be improved by restructuring questions based on

cognitive theory and testing.



Cognitive research enhances accuracy of food frequency questionnaire reports: results of
an experimental validation study

Food frequency questionnaires (FFQs) are used commonly to assess dietary exposures in
epidemiologic studies of chronic diseases. Concern about measurement error has stimulated
numerous validation and calibration studies comparing dietary intakes estimated from FFQs to
those estimated by other instruments (1). Although some research has addressed the relationship
of FFQ design elements to response accuracy (2), more such research is needed in order to
improve the instruments, not just to calibrate them.

A typical FFQ asks the respondent to report about the frequency with which many food
and beverage items are consumed over some time period; many also ask about typical portion
sizes. Thus, accurate reporting on an FFQ requires a person to engage in a variety of cognitive
processes, such as long-term recall, magnitude estimation of both frequency and quantity, and
aggregation of frequency and quantity information (2).

In an attempt to identify ways to ease the task of completing an FFQ while enhancing the
accuracy of responses, Subar et al. conducted cognitive evaluation of various approaches to
collecting self-reports of usual food intake (3). First, questions on the National Cancer Institute
(NCI)-Block Health Habits and History Questionnaire (HHHQ) that appeared especially
challenging to respondents were identified, and alternative formats for collecting that information
were devised. These HHHQ questions and the alternative formats were studied in cognitive
think-aloud interviewing (4). Redesigned questions that reflected findings were then
incorporated into a new FFQ—a test version of the NCI Diet History Questionnaire (test-DHQ).

Our objective was to test the effectiveness of selected major design innovations in the



test-DHQ by comparing the accuracy of alternative querying approaches for 4 question-design

issues:

1) Grouping: asking about many related foods in a single question versus in separate
questions.

2) Different forms of food: for nutritionally different forms (eg, whole, lowfat, nonfat

milks) of a main food (eg, milk), asking about the frequency and portion size of each
different form versus the frequency and portion size of the main food followed by the
proportion of times subordinate forms are consumed.

3) Additions: for foods added to other foods (eg, the addition of sugar to coffee or tea),
asking about the addition independent from asking about the main food versus the
addition relative to the main food.

4) Units: for foods conceptualized in units (eg, eggs), asking about the frequency and

usual portion size versus the frequency with which units are consumed.



METHODS AND MATERIALS
Experimental Design

After stratified random assignment into 2 groups, study participants completed 30 days of
criterion information, and then completed their respective FFQ’s for the reference period of the
previous month. Table 1 shows the items used to evaluate each question-design issue.
Additional items were queried similarly on both FFQs (“control” items).

Instruments

The Daily Food Report (DFR), is a 1-page (2-sided) machine-scannable list of 88 food
and drink items. Each participant filled in bubbles next to each item to indicate how many times
the item was consumed that day. Items were placed on the DFR: 1) if they were relevant to the 4
question-design issues under study; and 2) if, based on other food intake data (USDA’s
Continuing Survey of Food Intakes of Individuals 1994-96), it was expected that they would be
consumed sufficiently frequently within 30 days to allow comparisons between questioning
approaches with power of 0.80, given a. =0.05.

The machine-scannable 1992 version of the HHHQ, which asks frequency and portion
size questions about 97 individual food and drink items, was used (5). Although later versions of
the HHHQ are available, the 1992 version was used because the approaches developed by Subar
et al. to be tested were modifications of that instrument (3). The third instrument used was a test
version of the DHQ that consists of frequency and portion size questions about 195 individual
food and drink items and additional questions about the specific forms in which foods are
consumed (6).

Sample and Study Procedures



Reliably prompt mail was required to monitor daily completion of DFRs, so participants
were sampled from a restricted geographical area. The sampling frame consisted of households
with addresses listed in residential telephone directories in Washington, DC; Alexandria,
Arlington, and Fairfax Counties, Virginia; and Montgomery, Prince George’s, and Frederick
Counties (excluding Frederick City), Maryland.

In August 1996, postcards were sent to potential participants that provided brief
information about the study and indicated that the household would soon be contacted by a
telephone interviewer. Upon contact, the interviewer briefly described the study purposes and
incentives, and administered a short screener questionnaire to assess the individual’s eligibility
for and interest in the study. To be eligible, a prospective participant had to be between 25 and
70 years old; be able to speak and read English; reside in the United States; be non-
institutionalized; have telephone access; have Monday through Saturday home or business mail
pick-up; and be available during the data collection period. Participation was limited to 1 person
per household.

Recruitment telephone calls were attempted for 4,632 telephone lines to achieve the
target of 1,400 successfully screened households. Successful telephone contact was made with
2,871 households (62.0%). Of these, the respondent was ineligible in 560 (19.5%); declined to
participate in 903 (31.5%); and completed the screener and was eligible to participate in 1,408
(49.0%) households.

A personalized letter describing the study in detail, a sample DFR, and a consent postcard
were mailed by overnight delivery to all eligible respondents. They were requested to complete
and return the consent postcard within 7 days. Of the 1,408 potential participants, 743 (52.7%)
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returned signed postcards.

From the pool of returned postcards, pairs of individuals were matched, to the greatest
extent possible, on 4 characteristics—gender, race/ethnicity, educational level, and age group.
From each pair, 1 member was assigned randomly to the HHHQ group and the other to the test-
DHQ group. Because not all participants returning postcards could be enrolled in the study,
participant pairs were selected to maximize diversity; 650 individuals were enrolled in the study
and received study materials.

Participants were asked to complete and mail a DFR each day for 30 consecutive days.
Within 7 days of when a participant was due to mail the last DFR, 1 of the 2 FFQs and
instructions for completing this instrument were mailed to the participant. Methods used to
sustain participation over the data collection period included frequent contact through mail and
telephone; reminder telephone calls for missing DFRs; toll-free access to research staff to answer
questions; payments of $10 after 14 DFRs had been received and $15 after the final FFQ had
been completed; and gifts (10 $100 and 2 $500 gifts) to randomly selected participants who had
completed the study. Of the 650 participants enrolled in the study, 623 (95.8%) returned at least
26 DFRs and the FFQ. Of these, 64% were female; 76% were white, 14% African-American,
4% Latino, 6% other or unknown; 31% were ages 25 to 39, 43% ages 40 to 54, 26% ages 55 to
70; 1% had less than high school education, 12% no higher than high school education, 86%
higher than high school education; and 13% resided in Washington, DC, 31% Virginia, 10%
rural Frederick, MD, 44% other Maryland.

Analytical Procedures
On the DFRs, participants reported the number of times each item was consumed each
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day. On the FFQs, participants reported a rate of intake (ie, number of times per time period).
Thus, the DFR information was continuous, whereas the FFQ information was categorical. To
compare the 2 types of information required constructing new variables—category-converted
DFR variables and continuous-converted FFQ variables.
Variables

DFR. For each food, daily reported frequencies of intake on the DFR were summed
across all days reported, and these sums were standardized to a 30-day period. To construct the
categorical DFR variables, the value of each standardized continuous variable was classified into
the appropriate frequency category for that item on the relevant FFQ.

FFQs. The values of the FFQ categorical variables were the responses themselves (eg,
"3-4 times per week"). To construct the continuous FFQ variables, the midpoints of frequency
categories were used to convert categorical responses to monthly frequencies, standardized to a
30-day period.
Statistical Analyses

With the categorical variables, 3 statistics were calculated to assess the accuracy of FFQ
responses—the percentage of individuals whose FFQ responses agreed exactly with their
category-converted DFR information; the percentage of those who never recorded consuming an
item (on the DFR) who reported never eating that item (on the FFQ); and the percentage of those
who ever recorded consuming the food (on the DFR) who reported consuming the food (on the
FFQ). The continuity-adjusted chi-square test or the Fishers’ Exact Test was used for statistical
inferences (7).

With the continuous variables, 3 statistics were calculated to assess FFQ response
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accuracy. For each item, the Spearman correlation between the DFR-recorded frequency and the
continuous-converted FFQ-reported frequency was calculated. The Spearman correlation was
chosen because it does not assume normality in the underlying distributions; dietary data are
generally not normally distributed. In addition, actual discrepancies and absolute discrepancies
of reported (FFQ) from recorded (DFR) frequency were computed. The actual discrepancies
reflect both the amount by which frequency reports differed from the criterion measure and the
direction of the difference; in averaging over individuals for any item, overestimates and
underestimates offset each other. The absolute discrepancies reflect only the amount of the
discrepancy; the mean indicates the average magnitude of reporting errors relative to the criterion
measure.

Statistical inferences were based on 2-tailed 1- and 2-sample t-tests; alpha was set at 0.05.
Cases with missing data on a particular FFQ food item were excluded from analysis of that DFR-

FFQ comparison.



RESULTS
Comparability of HHHQ and Test-DHQ Samples

To examine comparability between participants completing the HHHQ and the test-DHQ,
the demographic characteristics, FFQ completion rate, dietary intake recorded on the DFR
instrument, and accuracy of FFQ reports for similarly worded foods were compared.

The HHHQ and test-DHQ groups were not significantly different in gender, age,
race/ethnicity, educational level, or residence. Of the 623 participants in the study, 314
completed the HHHQ and 309 the test-DHQ, indicating that the greater length of the test-DHQ
did not adversely affect completion in this study.

For each dietary item examined, the proportion of each FFQ group that reported any
consumption of that item on the DFR and, for those individuals who did, the mean standardized
frequency of consumption (for 30 days) were computed (data not shown). The proportion of
consumers and mean consumption frequency for most foods were quite similar for the 2 FFQ
samples. Of the 29 foods examined, the proportion of consumers differed significantly between
the 2 samples for 6 foods; the mean frequency differed between the 2 samples for 3 foods.

The reporting accuracy by participants in the 2 FFQ groups was compared for the 4 items
that are asked similarly on the 2 FFQs (Table 1). Statistical comparisons were made for overall
percent agreement, percent agreement for consumers, percent agreement for non-consumers,
mean actual discrepancy, and mean absolute discrepancy (data not shown). Of the 20
comparisons, there was only 1 statistically significant difference in reporting accuracy between
the 2 groups.

The results indicate that the participants in the 2 groups were comparable
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demographically, in their completion rates of the FFQ, in their diets, and in their degree of

accuracy in responding to FFQs.

Food Grouping: Single versus Separate Questions

Response accuracy of frequency reports for foods (Table 1) asked about in a single
question versus asked about in separate questions were compared. In most but not all
comparisons, the test-DHQ separated food question approach was superior to the HHHQ grouped
food single question approach (Table 2). Although there were no statistically significant
differences between the 2 approaches in agreement for those respondents who did not consume
the item, agreement for those who did consume the item was higher for the test-DHQ’s separated
food question approach. For consumers of the examined foods, there were statistically
significant biases in the HHHQ for all 4 foods and in the test-DHQ for 2 foods. In addition, the
magnitude of the bias was consistently lower for the test-DHQ than for the HHHQ. The
HHHQ’s grouped food single question approach was associated with statistically significant
underreporting for all 4 foods examined. For example, for doughnuts, cookies, cake, and pastry,
asking a single question on the HHHQ led to underreporting of about 6 times per month, whereas
asking about the same foods in 3 questions on the test-DHQ led to underreporting of about 4

times per month.

Different Forms of Food: Multiple Separate Questions versus Nesting
The HHHQ asks separate questions about frequency of consumption and portion size for

different forms of certain foods. The test-DHQ uses a nesting approach in which questions about
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the frequency of consumption and portion size for the main food are asked followed by questions
about the relative proportions of time subordinate forms are consumed (Table 1).

In general, agreement statistics for the total samples indicate that frequency estimates for
the main food were better with the nesting approach than with the multiple separate question
approach (Table 3). Agreement for those never consuming as well as those consuming was
generally high for all 4 foods examined, and similar for the 2 FFQ approaches. For consumers,
there was statistically significant bias in the HHHQ for all 5 foods examined and in the DHQ for
4 foods. The magnitude of the bias was significantly smaller for the test-DHQ nesting approach
than for the HHHQ multiple separate question approach for all foods. For example, milk to drink
was overreported by about 11 times per month with the HHHQ multiple separate question
approach, but by only 3 times per month with the test-DHQ nesting approach.

A cold cereal adjustment question on the HHHQ presents a commonly used method of
adjusting the total frequency of cold cereal consumption. The question asks the respondent to
report how many servings of cold cereal were consumed during the reference period. When the
total of the 3 individual cereal items differs from the response to the summary question by 20%
or more, an analytical adjustment is made to the "Other cold cereals" line item. The response
accuracy of this adjustment procedure was compared to that of the test-DHQ nesting approach.
There was little change in the various agreement statistics for the HHHQ); the test-DHQ nesting
approach continued to be superior (Table 3).

Reporting frequency of intake accurately is likely to be more difficult when more than 1
form of the food is consumed, as more judgments are required. For the 4 foods examined, mean

absolute discrepancy scores were higher (ie, accuracy was lower) for individuals who consumed
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multiple forms of the foods than for those who consumed only 1 form (data not shown). One
would expect that the test-DHQ nesting approach would be especially advantageous for
individuals who consume multiple forms of the food. Mean bias and mean absolute discrepancy
scores were lower (ie, accuracy was greater) with the test-DHQ than with the HHHQ in each

subgroup (ie, 1- and multiple-form consumers) for every food. For 3 of the 4 foods examined,

the test-DHQ advantage over the HHHQ in mean bias was greater in subgroups that had
consumed multiple types of a food than in subgroups that had consumed single forms of the food.
For example, among test-DHQ milk drinkers, those consuming only 1 type of milk overreported
by about 2 times per month; those consuming multiple types of milk overreported by about 6
times per month. For HHHQ milk drinkers, those consuming only 1 type of milk overreported
by about 6 times per month; those consuming multiple types of milk overreported by 18 times
per month.

Information about intake of individual forms of foods was generally more accurate with
the test-DHQ approach than with the HHHQ approach (Table 4). Of the 7 foods examined, there
was a statistically significant bias for 6 foods using the HHHQ approach and for 2 foods using
the test-DHQ approach. When considering absolute discrepancies, the test-DHQ responses were
more accurate than the HHHQ responses for 5 foods, statistically significantly different for 2.

The HHHQ approach was significantly more accurate than the test-DHQ approach for 1 food.

Additions to Foods: Single Independent Question versus Nesting
The third design area examined--whether to ask about the use of an addition to many food

items in a single independent question (the HHHQ approach) or to nest questions about the use
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of the addition underneath each main food (the test-DHQ approach) (Table 1)---produced
inconsistent results across the examined foods (Table 5). Sugar in coffee/tea was reported

somewhat more accurately with the HHHQ single independent question approach than with the
test-DHQ nesting approach. For milk on cereal, the test-DHQ nesting approach was somewhat
better than the HHHQ single independent question approach. For salad dressing and
mayonnaise, no differences between approaches were statistically significant; the test-DHQ was
somewhat better in correctly classifying non-consumers and consumers, and the HHHQ was
better in correctly estimating the degree of use among consumers. For margarine on bread, the
HHHQ was somewhat better overall than the test-DHQ; however, the test-DHQ was superior in
estimating the degree of consumption among consumers. For butter, the approaches were

comparable overall.

Foods Conceptualized in Units: Frequency and Portion Size versus Frequency of Units

The last design issue examined was the utility of asking about foods in their usual serving
units compared to asking about frequency and portion size (Table 1). Accuracy statistics for the
2 FFQs were generally very similar (data not shown). Accuracy was relatively high for both
instruments and for all items for non-consumers and consumers. However, for consumers,
systematic bias in reporting the frequency of consumption was evident. Eggs were underreported
on the HHHQ by 1 a month and overreported on the test-DHQ by 2 a month; the HHHQ
approach was associated with significantly less bias. However, the test-DHQ approach was
associated with less absolute error. Coffee and tea consumption were overestimated by both

FFQs by 6 to 8 cups a month; neither approach was significantly superior.
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DISCUSSION

It 1s likely that many characteristics of FFQs affect reporting accuracy, including the
number and nature of line items, wording, formatting, and response categories. The results of
our study illustrate the complexity in the interplay of these characteristics.

The first question-design issue investigated in this study was the effect on accuracy of
grouping many food items into single questions. In closed-ended dietary questionnaires like
FFQs, it is impossible to ask about consumption of the entire food supply. FFQ designers must
balance the desire for completeness with the response burden of asking about more line items.
For example, Krebs-Smith et al. showed that for total fruit and vegetable consumption, FFQs
with more line items were associated with higher estimates of intake; however, they did not have
reference data to assess response accuracy (8). An often used strategy to reduce the number of

line items without sacrificing completeness is to group many foods into one line item. Serdula et

al. established that grouping foods into single questions affects the reported frequency of use
(9,10). The percentage of non-consumption was significantly lower when reporting about
separated foods than when reporting about grouped foods; reported consumption by those
consuming the foods was significantly higher for the separated foods than for the grouped foods
for doughnuts/cookies/cake/pie/pastries; potato chips/popcorn/salty snacks; and
mayonnaise/salad dressing (9). However, no reference data were available in that study either.
In our study, the accuracy of grouped versus separated foods for 4 different food groupings,
including the above 3, was examined. Reported frequency of consumption was higher when
foods were separated (test-DHQ) than when foods were grouped (HHHQ), consistent with

Serdula et al. Accuracy was greater for the separated foods questions than for the grouped foods
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questions.

Although an appropriate level of grouping is somewhat specific to the particular foods
and the eating patterns of the particular population, these results suggest some factors to consider
when designing FFQs. The foods asked together in a single line item should be perceived and
used by the respondents as substitutes. Thus, tomatoes and tomato juice, variants of the same
food, are likely not used as substitutes. Another consideration is the breadth of the candidate
foods and their uses. For example, doughnuts, cookies, cake, and pastry include many individual
items; in addition, these foods are used in many different situations, for example, at multiple
meals and snacks, and at non-routine celebratory occasions. These factors increase the difficulty
of the respondent’s task of combining frequency of use over all individual foods and uses implied
by the question.

A second question-design issue examined was whether nutritionally different forms of a
food (eg, milk with different fat contents) would be reported more accurately when asked as
separate items (as on the HHHQ) or using a nesting approach that asks first about the main food
and then asks the respondent to apportion this overall consumption across the forms (as on the
test-DHQ). The test-DHQ’s nesting approach is based on the idea that respondents store and
process information in an hierarchical manner, and can more easily access basic rather than
subordinate information (11). According to this hypothesis, a judgment is made most easily
about the main food (eg, milk); this judgment can then be refined into judgments about
subordinate forms of that food (eg, lowfat milk). This hierarchical structuring is consistent with
the evolution of the food supply in the U.S.; over time, more forms of main foods have become

available. The nesting approach appears to have been effective in enhancing the accuracy of
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reported frequency of consumption of such main foods as bread, milk to drink, cold cereals, and
soups. For participants who provided information about the particular subordinate forms of
foods that were consumed, accuracy with the nesting approach was generally equal or superior to
that with the HHHQ’s separated foods approach.

Nesting will likely be most advantageous for collecting information about main foods
when all the following conditions apply: a) the main food is perceived by the particular
population group as a clear and distinct entity; b) the food is available in more than 1 form; and
c) the forms differ in nutritionally important ways. In addition, our results suggest that the
nesting approach may be particularly useful when individuals consume more than 1 of the
subordinate forms of a food. The nesting approach may become all the more useful as the
availability of modified forms of foods in our marketplace increases.

The results concerning the first 2 design issues may seem inconsistent: The first result
shows that separating foods into separate questions elicits more accurate responses than
combining foods into a single question, whereas the second result shows that separate questions
elicit less accurate responses than a global question about the different forms of a food.

The crucial distinction concerns the levels of a conceptual hierarchy at which aggregation
is made. Cognitive psychologists (eg, Rosch et al. (11)) have distinguished between basic level
concepts (eg, milk), subordinate concepts (eg, whole milk), and superordinate concepts (eg, dairy
beverages). Our results indicate that combining multiple basic-level concepts into a single
question yields less accurate responding than does asking them as separate questions. But asking
single questions about basic-level items, followed by nested questions about the subordinate

forms, yields more accurate responding than does asking separate questions about the
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subordinate forms.

The third question-design issue was whether in asking about additions to foods, accuracy
is greater when asked as independent line items (as on the HHHQ) or using a nesting approach
that asks about the main food followed by the proportion of time the addition is used on that
main food (as on the test-DHQ). The accuracy of the nesting approach depends to a large extent
on the accuracy of frequency information given about the main food. Frequency reports for cold
cereal and total bread were superior with the test-DHQ nesting approach, and accuracy for
additions to these foods was also superior for the test-DHQ. Another factor may be the number
of items individuals have to consider simultaneously. For additions to coffee and tea, for which
the frequency reports between test-DHQ and HHHQ were similarly accurate, the HHHQ single
independent question approach was somewhat better than the test-DHQ nesting approach. For
"salad dressing, including on sandwiches or on potato salad, etc.," however, the two approaches
were comparable. Asking about additions to a longer list of main foods in a single question,
untested in this study, might lead to lowered accuracy.

The last question-design issue examined was the utility of asking about foods usually
consumed in standard units (eg eggs) in terms of the frequency of units consumed rather than
asking the frequency and portion size. Although Subar et al. noted that judgments about such
foods appeared easier when they were asked in their usual serving units (3), the empirical results
showed no comparative advantage for either approach.

The question-design issues examined in this validation study are not mutually exclusive:
for example, nested additions on the test-DHQ are less grouped than comparable HHHQ items.
The results are highly specific to the particular comparison being made; no finding was universal
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across all the foods in any given issue. In addition, there are various ways to operationalize these
issues in a particular FFQ. Furthermore, our study examined accuracy over a 1-month period;
many FFQs ask about food use over a longer time period, such as a year.

A major strength of this study is its design. The reference instrument was a pre-coded
recording form composed of a targeted list of foods to be completed daily for 30 days; an FFQ
then asked participants about that time period. With this design, frequency estimates made on
the FFQ were compared to previously reported behavior for the entire time period asked.
Although a similar “checklist” approach has been used previously (12-13), our study is unique in
that the sample was large, non-institutionalized, and drawn from a diverse population,
encompassing urban, suburban, and rural areas, and whites, African-Americans, and Latinos.
The high completion rate for participants in this study demonstrates that the checklist method is

useful for validation studies.
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APPLICATIONS/CONCLUSIONS

. Cognitive research can reveal superior ways to ask about particular foods on an FFQ and
other dietary assessment instruments.

. Dietitians should be aware of these cognitive issues when selecting an FFQ for a
particular target audience.

. The findings of this research were used to update and complete a version of the DHQ for

public use: www-dccps.ims.nci.nih.gov/ARP/DHQ
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Table 1

Differences in how questions about the test food(s) are asked on the HHHQ and the test-DHQ

by question design issue

How food is asked on HHHQ

How food is asked on test-DHQ

Foods that are identical or similar

Chocolate candy

Chocolate candy

Bananas

Bananas

Orange juice or grapefruit juice

Orange juice or grapefruit juice

Green salad

Lettuce salads (with or without other
vegetables

Foods grouped as a single item on the HHHQ versus as separate items on the test-DHQ

Doughnuts, cookies, cake, pastry

Doughnuts, sweet rolls, or Danish
Cookies or brownies (including low-fat)

Cake (including low-fat)

Salty snacks, such as potato chips, corn chips,
popcorn

Potato chips, tortilla chips, or corn chips
(including low-fat or low-salt)

Pretzels

Tomatoes, tomato juice

Tomato juice or vegetable juice

Tomatoes, fresh (including in salads)

Hamburgers, cheeseburgers, meatloaf, beef
burritos, tacos

Beef hamburgers or cheeseburgers

Ground beef in mixtures, such as tacos,
burritos, meatballs, casseroles, chili, meatloaf
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Asking about differing forms of food as multiple questions on the HHHQ versus a

nesting approach on the test-DHQ

Frequency of consumption

Whole milk and beverages with whole milk
(not including on cereal)

2% milk and beverages with 2% milk (not
including on cereal)

Skim milk, 1% milk or buttermilk (not
including on cereal)

Frequency of consumption'

Milk as a drink (NOT in coffee, NOT on
cereal)

Whole milk (4% fat)'

1% or 2% fat milk’

Skim, nonfat, or 1/2% milk’

High fiber, bran or granola cereals, shredded
wheat

Highly fortified cereals, such as Total, Just
Right or Product 19

Other cold cereals such as corn flakes, Rice
Krispies

Cold cereal
Total or Product 19!
High-fiber cereals such as Fiber One, All
Bran, or 100% Bran!
Other fiber cereals, such as Cheerios,

Shredded Wheat,
Raisin Bran, Bran
Flakes, Granola'
Any other cold cereal’

White bread (including sandwiches, bagels,
burger rolls, French or Italian bread

Dark bread, such as wheat, rye,
pumpernickel, (including sandwiches)

Bagels, English muffins

Breads or rolls FOR SANDWICHES
(including burger or hot dog rolls)
White bread'
Dark bread'

Breads or dinner rolls, NOT INCLUDING
ON SANDWICHES

White bread'

Dark bread!

Vegetable and tomato soups, including
vegetable beef, minestrone

Other soups

Soups
Bean-based soups'
Cream soups, including chowders'
Tomato or vegetable soups'
Broth soups with or without noodles
or rice'
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Asking about additions to foods: single question on HHHQ versus nesting approach on

test-DHQ

Frequency of consumption

Sugar in coffee or tea

Frequency of consumption’

Coffee
Sugar or honey!

Iced tea
Sugar or honey'

Hot tea
Sugar or honey'

Milk in coffee or tea

Coffee
Whole milk (4% fat)'
1% or 2% fat milk'
Skim, nonfat, or 1/2% milk'

Cream (real) or half-and-half in coffee or tea

Coffee
Cream or Half-and-Half'

Non-dairy creamer in coffee or tea

Coffee
Low-fat, non-dairy creamer'
Regular non-dairy creamer'

Milk on cereal

Cold cereal
Whole milk (4% fat)’
1% or 2% fat milk'
Skim, nonfat, or 1/2% milk’

Regular salad dressing & mayonnaise,
including on sandwiches or on potato salad,
etc.

Salad dressing for lettuce salads or vegetables
(including low-fat)

Breads...FOR SANDWICHES...
Mayonnaise or mayonnaise-type dressing
(including low-fat)’

Tuna (canned) including in salads,
sandwiches, or casseroles
Tuna prepared with mayonnaise or other
dressing (including low-fat)'
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Margarine on bread or rolls Breads...FOR SANDWICHES...
Margarine (including low-fat)’

Breads...NOT...ON SANDWICHES
Margarine (including low-fat) '

Butter on bread or rolls Breads.. FOR SANDWICHES...
Butter'

Breads...NOT...ON SANDWICHES
Butter'

Asking frequency and portion size on the HHHQ versus frequency of units on the test-
DHQ for unit-specific foods*

Eggs’ How many eggs, egg whites, or egg
substitutes (NOT counting eggs in baked
goods and desserts)...

Coffee, regular or decaf’ How many cups of coffee, caffeinated or
decaffeinated,...

Tea (hot or iced)’ How many glasses of ICED tea, caffeinated or
decaffeinated,...

How many cups of HOT tea, caffeinated or
decaffeinated,...

'Proportion of time food was consumed was asked for foods noted. Asked as: “How often is the
[main food] eaten in this form?” Response categories: Almost never or never; About 1/4 of the
time; About ¥ of the time; About 3/4 of the time; Almost always or always

2See (3) for visual depiction of the format of the test-DHQ question.
*Portion size options are S, M, L.  Eggs: S=1egg
M =2 eggs

Coffee: M =1 medium cup
Tea: M =1 medium cup

24



S¢

Ja1Ip (S0°0 > d) Apueoyrusis A[[eonsnes ST Q.. Y8y} JO se1q uedw oy Jey) Sdjeatput suropu) Hodey pooy Aqre(y - O S! seiq bL:2) AN
‘04 2y

U0 J1 SUNNSuod pajrodal Os[e oym Hoday pooy Are(T a3 uo pooy oy Suruunsuod parodar oym asoy) Jo Jusoiad 3} ST 92158 Juso1ad Jowmnsuo)),
‘044 2y uo )1 Surwmsuoo

Jou paytodar osfe oym poday pooy Ajteq ot uo Pooy a3 jo uondwmsuos ou Surprodar asoy) jo jusorad o st 9a18e Jusotod IoWNSUOd-UON],
"fousnbayy snonunuoo € ojuI UOISIOAUOD Ioye asuodsox

044 1eouo3a)es 1oy/s1y pue Aouanboyy 1roday pooyg Areq $ Juapuodsar oY) usomjoq JuswvaISe oy ST UOLE[oLI0D JopIO Yuel S UeuLeadg,
uIPIP (50°0 > d) Apueoyrudis A[reonsne;s ore suonodoid jey) syesrpur SYSLIGISY,

*A1039180 Aouonbay )1, payrodar

1191} 0} [eanusp! st Asusnbay poday pooy Are( P3}I3AU00-A1035180 9soym sjuapuodsal Jo uonsodoid ayj st s013e 10ex0 Juso1ad ojdures 2101,

92  (290)  (p97) (Z92) (#92) (@9  (Lg) (09) (10e)  (Q19)  (108) (zig) (u) paxru
6°€ S 60 L0C 0L6 688 9,9 08, 690 69°0 6'9€ 79¢ ‘urerd yoaq punoin
9L2) (6L (9.2 6L  (9L2) 6L2) @2 (€€) (00) (z1e)  (008) (zie) (W) oom(
€¢ 9'G T1 vI- L'S6 816 L99 L'69 9,0 89°0 0°LE 8'0¢ 0JBLUO) ‘S90JBUIO],
L) W) (o) L67)  (LLD L6) (s2) /2)) (o) 19 (oY)  (b1g) (w)

€¢ t'9 L0 S1- SL6  ,606 0’8t 885  LLO $9°0 19 ,I'LT syjoeus Ajyeg
(zog)  (soe)  (zog) (sog)  (zog) (so9)  (9) (L) (s08)  (z1e)  (s08) (z1e) (u Ansed ‘oxeo
0L b6 £  ,TO L'L6 ,868 000 vIL  8L0O L9°0 S0€ L9 ‘so1{002 ‘synuySnoq

OHd OHHH OHd OHHH OHd OHHH OHd OHHH OHA OHHH OHAd OHHH

sAouedasosip L,UOIR[a1100 qz9913e pooyq
JInjosqe uesN ;SeIq uesjy +q9918E JU20I g p'q9913® JU00I g s uewreadg 10BX2 JU20I0 g
SISWNsuo)) SISWNSUO)  SISWNSUOJ-UON] o[dures [ejo]

suonsonb sjeredos snsioa s[Surs 10J (OHQ-1s91 pue OHHH) O, pue Hoday pooy AJre(q usomiaq U213y
¢llqe ]




9¢

"I9U)0 Yors woy Juaiolyip (§0°0 > d) Apjueoyrusis
Afreonsne)s st 04,4 Yoes Ur selq oy Jo spmruSetu oY) Jeyy) 9JedIpur SYSLSY oday] poo Are - O] st AouedaIdsip JIn[osqe UesA;
"19Y10 YdBS Woly JuaIaIp (50°0 > d) Appueoyusis A[reonsness st O 44 Yoes Ul seiq oy} Jo apniruSer oy) 1ey) edIpul SYSLISISY () WOIJ



LT

jou payiodar osje oym poday pooy A[re( 3y uo pooj oy Jo uondumsuos ou Sunioda asoy Jo Jusdiad o) ST 9915e JusoIod JOWNSUOI-UON],
‘KousanbaIj snoNUNUOI € 0JUT UOISIOAUOD 10). 3suodsax

04 [2ou03978d Joys1y pue Aousnbaly 11oday poo A[re( s Juopuodsar oy} Usemieq JUSWRISE oY) SI UONHB[ILIOD 19PI0 uel s, ueuLeads,
Juaayyip (5070 > d) Apueoyudis Ajjeonsne)s are suorodoid jey) 9JeoIpuUl SYSHUAISY

‘K1030120 Kouanbaiy )11 pertodax

1194} 0} [RONUAPI ST Aoudnbaiyy poday poo, AJre(] porIAU0o-£10893e0 osoym sjuapuodsal Jo uoniodoxd oyj st 9918e 1oex0 Jusoiod ojdures [B)0 [,

(u) OHHH
(avo) (zeD) (1v2) (zeD) (1v2) (z€2) ¥9) (bL) (s0€) (90¢) (s0¢) (90€) uo “fpe
¢S L [Sh1 L0V S'L6 L'S6 878 1'58 160 88°0 9'SH 8€P ‘s[ea120 P[OD
(1v2) (T€D) (1v2) (z€D) (1v0) (T€D) 9) (L) (0¢) (90¢) (s0¢) (90g) ()
S'S LS'L ST L3¢ S'L6 L'S6 878 1's8 160 $8°0 9'Sy Ty S[e2109 P[OD
(992) 6L7) (992) (6L (992) 6L (sv) L2 (60€) (90¢€) (60€) (90¢) (W
6'C L6€ €0- LT v'L6 9'€6 18 0'€9 LLO 9L°0 (Y7 €LE sdnog
0€) (80€) #0¢€) (80¢€) rog) (80€) 1 ()] (s0¢) (80¢) (s0€) (808) (W
8Tl 9y [ .88 07001 L'66 07001 - $9°0 1S°0 91 ,6'LT peaig
(002) (002) (002) (002) (002) (002 or1) (68) (#0€) (682) ¥0€) (680) (@
08 .8T1 vE L90T S'v8 $'88 S'L8 S'LL L8O vL0 9'¥S LESY SuLIp 03 Y[IN
OHO OHHH OHd OHHH OHd OHHH OHaQ OHHH OHd OHHH OHA OHHH
ghouedarosip ,UOIJB[O1I0D 90138 pood
INJOSqR UBON ,SBIq UBAIA 2q9913€ JUd0Ieg pq@918e JUR0I s ueureadg J0BX2 W3dId
SISWNSUO0)) sIawnsuo)) SISWINSUOI-UON ordures (107,
unsau

snsioA suonsanb sjeredas sjdnnw :SPooJ JO SULIOY JUAISIIIP 10§ (OHA-ISS! pue OHHH) 044 Pue Hodoy pooy AJre(] usomiaq JUdWaIZY
€9[qeL




8¢

*I9130 Yors Wwoy JusxdyIp (50°0 > d) Apueoyusis

Aqreonsne)s st Q.44 Yoes ul selq oY) Jo opmyrueu oy ety 9jed1pur sYSLAISY |uoday pooy Aied - O] st KouedaIos1p 9)njosqe UBdAjs

"I9YI0 YIra WOy JusIfIp (50°0 > d) Apueoyuis A[[eonsness st O Yora Ul serq ay) JO IpnyruSeur oy 18y 9JedIpul SYSLIGISY *() WL

eIapIp (S0°0 > d) Apuedyrusis A[reonsne)s st 0.1 18y} JO Serq UBSW SY) Jey) SOTBOIPUI SUILIOPU “Hoday Poog Arte - QA4 St seiq UBdA],
‘Odd ou

U0 31 Surnsuod papiodai os[e oym poday poo, A[e 2Y) Uo pooy o) Surwunsuod payrodal oym asoy) o juso1ad oy st 9015e JussIad JoWINSUO)),
"Hoday] poo Ajre( oY) uo pooj sty jo uondumsuos ou Surroda S[eNPIAIPUL OU SIe 21T} Jey) SAJEOIPUI USEP V "Od 9y} uo 1 SUNUNSUOD



6C

119y 03 JeanUSp! st Aouenbay 11oday] pooy Apreq P312AU00-A1085)8 9soym sjuspuodsal Jo uonodoid o st 9218e 10ex%0 JUsOIad srdures [ejo,

(€81) (¢£2) (€81) lAmm@ (€81) (€€ (98) (8L) (692) (11€) (692) (11) (W

€T 67T 9'0 Al 06 €98 88y L'8Y  $S0 6S°0 8T  .vPE sdnos 1og30
(881) (802) (881) (802) (881) (802) (Lor) (To1) (s62) (60€) (S62) (60¢)  (u) sdnos oyewoy

(a4 L€ 1'0- Nl 9'68 9'v8 ) S¥YS  0L0 860 K% % 6'9¢ /21qe1080 A
(622) #92) (622) #92) (622 #92) (LY) (9%) (9L2) (019) (9L2) (019) (W

8 .99 T¢ 87T 128 €88 SvL 7'S9 L9°0 18°0 0°¢€ S'S¢ pea1q yreq
9L2) (11¢) (9.2) (11¢) LD (11¢) (1) (1) (LL2) (z19) (LLo) (z1e) (W

101 iyl 0Z- LEIT- 0€8  ,€76 0001 00 $9°0 ¥$°0 881 LS1 pesIq Ay M
(81) (s2) (81) (s2) (8D (s2) (1194 (s82) (892) (or1¢) (892) 019) (W

89 01 €p- 6 L91  ,088 ¥'86  ,€6S 12°0 vE0 76 .19  [e2190 10qy ySIig
(6) (€2) (6) (€2 (6) (€2) (852) (s8D) (L92) (80€) (L92) (80¢) (w [ea12d

(A% €L LT 09 9'6S 9'69 0S6 ,178  S€0 8€°0 816 ,9LL paymoy A[ySryg
(8p) (z9) (8p) (z9) (8t) (%) (€81) (6v2) (1€2) (10€) (1€2) (o) JuLp

Sy 6°€ €1- 01 v'SE L9668 $'66 096 650 $9°0 018 1'v8 0} y[TW 3]0y M

OHd OHHH OHAd OHHH OHd OHHH OHd OHHH OHAd OHHH OHA OHHH

sAouedarosip -UOT}B[a1I00 99188 pooq
oInjosqe uesjn ,SeIq ueaJy +q99I3% JUd0Ia g pq99I38 JUadI g s uewreadg 108X JU90I9
SIOWNSuUo0)) SIawmsuo)) SIOUWINSUOJ-UON ordures [ejoy,

SurA1onb pojsou snsioa
orexedas odnnw :dnos pue PEAIQ 3190 “Y[IWi JO SULIOY SULISKIP 10] (QH-15 Pue OHHH) Q44 pue Hoday poo AJreq U39M19q JUSWRITY
v 2lqeL




0¢

*I3Y}0 OBS WO JUIIP (50°0 > d) ApuedyIusis

AJreonustes st O Yoea UI SBIq 91} JO SpnjiuSetu oY) Jey) 0JeoIpul sYSLdIsy “[Hoday pood A[re - Q4] st Koueda1osip 9Injosqe UedIA
“10110 Yoes Woy WP (5070 > d) Apjueoryusis A[jeonsne)s st Q4 Yord Ul Selq 9y} JO SpmIugent oY) jey) 9)edlpul SYSUSISY °( woy
eIagyIp (S0°0 > d) ApueoyuSis Kjjeonsness st O] 1Y) JO Selq Ueol Sy} Jey) SJRIIpUL suI[Ispu) ‘Woday pood Areq - Qg4 St seiq ueadp
"0dd om

1o 31 Surunsuod papodaz osfe oym poday pooy Ajre( 9y uo pooy Sy} Sunumsuod papodal oym asoy) Jo 1ua019d 2y st 9213e JusdIad IDWINSUO)),
‘O 2y} uo 31 Surnsuod

1ou payrodar os[e oym Hodoy pood AJrec] 9y} uo pooy ay; yo uondunsuos ou Suntodsi ssoys Jo Jusoiad ay) st oo15e 1u9019d IOWNSUOI-UON],
‘Kouoenbaly SNONUNUOS B OJUT UOISISAUOD 19)j& asuodsal

O [eouoSares 1oy sty pue Lousnbaiy 1oday pooy AJre( s, Juspuodsal oY) ussmiaq JUSLUSeISe ) ST UOLB[LI00 I9PIO Jurl s uewreads,
uareiIp (s0'0 > d) Apueoyrudis A[feonsyels are suorpodold jeyy 93edrpul sYSLNISY,

*K1080180 Aouanbayy )44 payodal



Ie

O reouodared 10ys1y pue Aousnboyy poday poo AJre(T S JUapuodsal 9y} Usamlaq JUSWAIZE 9y ST UONE[LI00 19pIo Yuel s ueuireadg,
UAIRIP (§0°0 > d) ApueoyuSts Ajeousels axe suoniodoid jey) sjedIpul SYSLISISY,

*K1030180 Kouanbayy O 1. payodal

19y} 0 [eONUSPI ST Adusnbay poday poo] A[re poreAu0d-A103a1e0 asoym sjuapuodsar Jo uoniodoid oy st 9918 Joex0 Ju001ad ojdures [ej0 L,

(18D (802 (181) (802 (181) (802) (86) (co1) 6LD (119) 6L2) (11e) (@
€9 9 z0- ¥ 9YL L'18 L'v8 +'98 0L0 08°0 10 vy suueSIeN
(8L1) (602) (8L1) (602) (8L1) (602) (s6) (901) (€L7) (60€) (€LD) (60g) (u)
0°¢ 8V 0'1- 'l 8Ly ,809 $'06 L0'8L 19°0 650 G'8¢ 0'v€ nng
:suonippe peaag
(98) (ry) (98) (1 (98) (Irn) (0s1) (961) (9£2) (L0%) (9€2) o) W
vEl 9°¢l o1 €01 9°GL ¥'69 0'86 SL6 98°0 ¥8°0 6'SL 0'CL Iowrear)
(8L) (801) (8L) (s01) (L) (s01) (z91) (961) (ov2) (o¢) (ov2) roe) (W
L1l 8 $0- 81 L'SY $'9¢ S'L6 56 90 1L°0 €1L 1'IL wear)
(911) #81) o11) (p81) 11 (F81) (811) (g21) #c£D) (L0g) (454 o)
LTl 671 09 91 0'69 TliL 676 S'€6 780 780 0'S9 609 AN
(os1) 6L1) (0s1) (6L1) (0s1) (6L1) (¥8) (o€1) C4%4) (60€) #€2) (605) (W
t'S1 €91 83 6C L08 8L 698 . V'S6 98°0 S8°0 9'CS $'09 me3ng
:SuonIppe ©33/33JJ0)
(622) (062) (620) (067 (620 (062) (19) (z2) (092) (z1¢) (090) (zig) (u) Burssaup
1'9 6°S 0 T 1'68 878 S%9 9'€9 69°0 09°0 SI€ 6'8C peles
(Ly1) () (Ly1) (TvD) (Ly1) (¢v2) (L) (L9) (¥0?) (60€) #02) (60¢) (W) [edrd
Sy Y 80 L6¢C 8'L8 L'16 L'Y6 'S8 680 980 6T L LEY o YAl
OHd OHHH OHd OHHH OHd OHHH OHd OHHH OHd OHHH OHA OHHH
gKouedaosip ,UOIJB[OLI0D pooq
omjosqe uedN ,SBIq URSIN 2q9913® JusdIag pq@2188 JuU20I18 s upureadg 99138 JuadIsg
SIswnsuo)) SISWNSuo)) SJoUINSUOI-UON ordwes [e10],

Suik1onb pajsou snsioa Juopuadapul :spooy 0} suonippe 105 (OHA-1893 pue OHHH) Q4 pue 110day poo, AJie(] Usamiaq JUSWAISY
S 9lqeL




(43

'(§0°0> d) serq oy yo spmyruSew

A Ut s O] AU USSMIDG SIOUSISJJIP JUROTIUSIS A[[EO1ISIIRIS OU 9Iom 210y ] “[rrodoy poo Are(q - Q1| St Aoueda1dsip aunjosqe UL,

19110 OB WO JUSIPIP (500 > d) Apueoyrudis A[reonsness st O] Yoes Ut seiq 3y} JO SpnjruSeus i) Jet) SJedIpul SYSLSY () woly

Wa1lIp (S0°0 > d) Apueoyrusis Ajreonsness st 4 18y} JO SeIq UBSW ) Jey) SaJeoIpuI SuljIapu() “poday poo.] ATred - O ST seiq uBap,
‘044 o

U0 11 SUTUNSUOd pajiodal os[e oym Hoday poo,f A[re(] 3y} uo Pooy Y3 Surunsuod papiodal oYM 3503 JO Judd13d Yy s1 92138 JudoIad ISWNSUO)),
‘041 2y3 uo 11 Surumsuod

Jou payiodar osye oym Hoday poo, A[req a3 uo pooy a3 jo uondumsuos ou Sunzodar asoy J0 1ua012d a3 ST 9213k Jud0Iad ISWNSU0D-UON],
"Aouanbaly snonunUOd ® OJUI UOISIOAU0D 13)Je dsuodsar



AckndWledgments

The authors thank Anna G. McIntosh for supervising the interviewers and Anne Brown Rodgers for
invaluable editorial assistance.

33



