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Abstract 

Brief dietary instruments with validity evidence are used to assess fruit and vegetable 

intake in adults because they are inexpensive and easy to administer compared to 24-hour 

dietary recalls or assessment with biomarkers. However, use of these tools with young 

children without prior examination of evidence for validity may compromise data 

accuracy. The purpose of this study was to evaluate the validity evidence for two brief 

methods/instruments to estimate fruit and vegetable intake among 3
rd

-grade children. One 

instrument used a single retrospective question each about usual fruit and usual vegetable 

intake illustrated with measuring cup pictures (FVQ) to estimate amounts. The other 

instrument was a food record based on A Day in the Life questionnaire (DILQ) that 

measures intake frequency. Third grade students from one school and one community 

center (n = 107) in the metropolitan Minneapolis/St. Paul area participated in the study in 

2012 and 2013. Three 24-hour dietary recalls were conducted using Nutrition Data 

System for Research (NDSR) to validate the FVQ and one recall to validate the DILQ. 

The first recall was conducted on the same day the two questionnaires were completed 

and the other two recalls were conducted within a 2-3 week period of time. Recalls were 

collected for 2 weekdays and 1 weekend day. An algorithm derived from National Health 

and Nutrition Examination Survey (NHANES) data was used to convert frequencies 

measured by the DILQ into amounts. Bland-Altman and deattenuated Pearson correlation 

coefficients were used to compare agreement between intakes assessed with the 24-hour 

dietary recalls and the FVQ and DILQ. Deattenuated Pearson correlations were moderate 

between 24-hour dietary recall and DILQ results (0.38 for fruit and 0.38 for vegetables). 
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Deattenuated Pearson correlations between FVQ and 24-hour dietary recalls results were 

strong (0.54 for fruit and 0.58 for vegetables) based on the low reliability of multiple 24-

hour dietary recall data. Therefore, the strength of these correlations is misleading. 

Participants overestimated fruit intake using both tools and vegetable intake using the 

FVQ. Participants underestimated vegetable intake by 0.37 cup using the DILQ. The 

limit of agreement for all comparisons was high. Therefore, evidence of validity for the 

FVQ and DILQ was lacking for evaluation of fruit and vegetable consumption in the 

current sample of 3
rd

 grade students. Other assessment methods/instruments should be 

considered for use with younger children. 
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Introduction 

The prevalence of overweight and obesity was 34% among U.S. children (6-11 

years) according to National Health and Nutrition Examination Survey (NHANES) data 

(2011-2012).
1
 Children in this age group were also found to consume less than 

recommended amounts of fruit and vegetables.
2
 Intervention efforts target school 

children to encourage healthy eating behaviors and increased fruit and vegetable 

consumption to address obesity prevention and health maintenance. Choosing dietary 

assessment tools is therefore essential to examine the effectiveness of interventions to 

improve intakes of school children.  

Dietary assessment tools are instruments that evaluate dietary intake and patterns 

of individuals or groups. Assessment tools are important in assessing the effectiveness of 

nutrition intervention programs that encourage healthful dietary behavior to decrease 

obesity risk.
3
 In order to evaluate intervention effectiveness, assessment tools should 

show evidence of validity and reliability, and be sensitive enough to detect changes. In 

addition, given limited resources, researchers must find inexpensive and efficient dietary 

assessment tools for evaluating outcomes.
4
 Therefore, a need exists to develop valid, 

inexpensive, and brief dietary measurements for use with children.  

Many challenges exist in developing or identifying measurement tools that show 

evidence of validity with children. Information about the diet of preschoolers can be 

collected from surrogates such as parents or caregivers, however, surrogates may not 

have knowledge of dietary intake of school children because children may eat several 

meals away from home. Furthermore, children may have limited ability to recall what 

they have eaten, estimate portion sizes, and identify names of foods.
5
 Children between 7 
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to 12 years of age, may be motivated to report their intake because they are curious about 

the data collection process.
5
 

Several diet assessment tools have been used in pediatric populations. Food 

records, food frequency questionnaires (FFQs), brief screeners, 24-hour dietary recalls, 

and a group-administered 1-day diet record have been used to assess dietary intake and 

eating behavior among school children. The evidence of validity for these instruments 

varies and each has its own advantages and disadvantages to consider when deciding 

which instrument to use in research studies. More research is needed to identify 

instruments with strong validity evidence that can be completed by school children. 
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1. Literature Review 

1.a Fruit and vegetable consumption among elementary school children 

Most U.S. school-aged children (6-11 years) are not eating the recommended 

number of servings of fruits and vegetables.
2
 The 2010 Dietary Guidelines for Americans 

recommends that children 8 to 9 years of age consume 1.5 to 2 cups of fruits and 1.5 to 

2.5 cups of vegetables daily for health benefits.
6 

However, on average, children aged 6 to 

11 years in the U.S. eat 1 cup of fruit and 1 cup of vegetables based on NHANES data 

from 1999 to 2001.
2
  NHANES data collected in 2001-2004 based on two 24-hour dietary 

recalls showed that on average, children from 4-13 years ate only 1 to 1.1 cups of fruit 

and 1 to 1.3 cups of vegetables per day.
7
 Although children were not eating 

recommended amounts of fruit and vegetables, there was a trend for increased intake of 

fruit and decreased intake of fried potatoes, fruit juice, starchy vegetables and starchy 

vegetable dishes among youth (2-18 years) based on the Continuing Survey of Food 

Intakes by Individuals (CFSII) 1989-1991, 1994-1996, and 1998 and NHANES 2003-

2010.
8 

Intake of vegetables remained stable throughout the decade. 

Fruit and vegetable consumption may be dependent on family income. When fruit 

and vegetable intake from NHANES data (2001-2004) among children was stratified by 

income groups, more children in the highest poverty income ratio group (29.1% of 

children) met the recommendation for fruit intake than those in the middle poverty 

income ratio group (24.8%). However, the group with the fewest number of children 

meeting the recommendation for vegetable intake was the highest poverty income ratio 

group (5%).
9
 Interestingly, children in the lowest income group were more likely to 

consume greater than the recommended amount of dried beans and peas.
9
 Ethnicity can 
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also influence fruit and vegetable intake. Mexican American children were more likely to 

eat the recommended amount of fruits and vegetables, especially whole fruits, dried 

beans and peas, and other vegetables compared with non-Hispanic children.
9
 

Other studies have found
 
children in low-income households consume less than 

recommended amounts of fruits and vegetables. Robinson-O’Brien and colleagues 

assessed fruit and vegetable intake of students (9-12 years) consuming school meals in 

schools serving low-income populations in the Minneapolis/St. Paul region. Students on 

average ate 2.1 daily servings (1.05 cups) of fruit and 1.5 daily servings (0.75 cup) of 

vegetables, excluding fried potatoes.
10

 Another study found that Hispanic children (mean 

age = 10.7 years) from North Carolina from food insecure households ate 1 daily serving 

(0.50 cup) of fruit and 1.61-1.70 daily servings of vegetables (0.81-0.85 cup).
11

 These 

studies indicate that low income or food insecure children are not meeting 

recommendations for fruit and vegetable intake and could benefit from efforts to 

encourage greater intake. 
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1.b Health benefits from fruit and vegetable consumption 

The benefits of consuming fruits and vegetables for adults have been well-

documented.
12

 Consuming the recommended amounts of these two food groups has been 

beneficial in lowering risk of chronic diseases in adults including certain cancers,
13

 type 2 

diabetes,
14

 heart disease and stroke.
15

  The incidence of death from stroke and cancer in 

adulthood was lower when participants had higher vegetable (excluding potatoes) and 

fruit intake during childhood.
16,17

 Higher intake of French fries in childhood was 

associated with a higher incidence of breast cancer among adult women.
18

 Eating more 

fruit and vegetables is beneficial for children when they are young. Among healthy 

African American children, eating more deep green and yellow vegetables was positively 

associated with higher bone mass
19

 and eating more fruit was associated with greater 

insulin sensitivity.
20

 Fruit and vegetable intakes were also negatively associated with 

systolic blood pressure,
21,22

 prevalence of metabolic syndrome in children,
23,24

 and 

decreased markers of inflammation in adolescents.
25

 

Eating fruits and vegetables may replace intake of less healthy foods such as high 

fat and high sugar foods.
26

  High intakes of fruits and vegetables were associated with 

lower dietary energy density among Swedish children and adolescents according to 

Patterson and colleagues.
27

 In addition, consuming lower energy density meals was 

negatively associated with weight status of children (2-8 years).
28

  Therefore, increasing 

fruit and vegetable intakes may result in lower dietary energy density and decreased 

incidence of childhood obesity.
28

 However, several studies did not show conclusive 

results with respect to the relationship between body weight and fruit and vegetable 

consumption among children.
29–31
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1.c Measures of fruit and vegetable consumption by children 

Because children in the U.S. are generally not meeting recommendations for fruit 

and vegetable intakes, many interventions have been developed to improve children’s 

intake. Within these interventions, tools that evaluate children’s consumption of fruit and 

vegetables are needed to determine intervention effectiveness.  

Fruit and vegetable dietary assessment tools are designed to estimate the type and 

amount of fruits and vegetables an individual consumes over a period of time. The tools 

largely depend on participants’ memories.
3
 Children are often not able to recall past 

intake as accurately as adults
5,32

 and are unable to estimate the amount of food they have 

eaten without assistance.
33

 Difficulty with recall may be related to several factors. First, 

7-11 year-old children are still in the concrete-operational cognitive stage of development 

and are less able to think in abstract terms.
34

 Recalling precise food amounts requires 

abstract thinking in order to look at food models or pictures with different dimensions 

and then determine past intake based on the models.
5,34

  

Food intake recall is part of episodic memory. Episodic memory pertains to an 

event that happens once at a specific location.
35

 Events in episodic memory are less 

memorable than big events such as delivering a speech or a first date; therefore, it is 

unlikely that details of food intake can be accurately recalled by children. Lastly, school 

children eat a greater variety of foods compared with preschool children.
5
 All of these 

factors contribute to the difficulty in recalling food intake by children. When estimating 

dietary intake, the period of time between actual intake and recall should be shorter for 

children compared with adults.
36 

Children may be asked to recall what they ate in the past 

day or week or month, whereas adults may be asked to recall intake over the past several 



 

8 

 

months to a year.
32

  Given these limitations, researchers need to better understand 

children’s cognitive processes when recalling dietary intake. 

Baranowski and Domel described the cognitive processes whereby children (9-10 

years) reported past food intake.
37

 These authors suggested that children need to be aware 

of the type of food they were eating before remembering what was consumed, and that 

inattentiveness when eating could cause underreporting. Perception, interpretation, or 

knowledge also might influence diet recall as children could misidentify foods eaten with 

something else. These authors also suggested that consumed foods need to be correctly 

organized into long term memory because incorrect organization could result in recall 

errors. When dealing with unfamiliar foods, children could erroneously name the foods or 

only remember the ingredients. The inability to organize or pay attention might cause less 

retention of foods consumed and affect retrieval of information. Lastly, these authors 

suggested that children likely respond in a socially-desirable manner and report greater 

intake of healthy foods (fruit and vegetables) and lower intake of less healthy foods 

(candy and desserts).
37

  

The lack of cognitive ability in children to recall food intake has raised questions 

of instrument validity when assessing intake of children. This has led to many studies of 

the validity (commonly referred to as accuracy) of different dietary assessment tools. 

Comparing results from food frequency questionnaires or brief screener tools to results 

from 24-hour dietary recalls, which are more time and labor-intensive, may lead to more 

accurate results and ultimately lead to the creation of valid and reliable instruments that 

measure food intake in children.  
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Parental proxy report may be one method to manage inaccurate dietary intake 

reporting by children. However, students have highly variable diets
36

 and many consume 

a substantial portion of their daily intake away from home (e.g., school breakfast and 

school lunch). Thus, parents may not be able to accurately report their children’s intake.
38

 

This thesis will mainly focus on dietary instruments that can be completed by children 

without parental assistance. 

i. Description of common tools 

Food frequency questionnaires, brief screeners, and dietary recalls are common 

tools used when measuring fruit and vegetable consumption among children. Each tool 

has its own distinct advantages and disadvantages based on the type of study, dietary 

assessment outcomes, accuracy, respondent and investigator burden and extent of 

validation efforts.  

Food frequency questionnaires (FFQs) 

FFQs assess the frequency of eating specific foods in a specified time frame. The 

number of questions or food items on FFQs varies depending on the aims of the study. To 

shorten the surveys, questions are often grouped by type depending on participant 

demographics and research aims.
39

 Brief screener FFQs that focus on certain food groups 

such as fruits and vegetables can contain as few as 7 items.
40

 When the research aims 

involve assessment of calorie and nutrient intakes, the number of food items can be up to 

137 items.
41

 When FFQs are developed to match participants’ ethnicities or country of 

birth, researchers will include specific food items that are most appropriate for their target 

populations or sub-populations to accurately capture participants’ food intake.
42,43
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Because some FFQs collect information about frequency of consumption and not 

serving sizes, evaluating validity evidence for FFQs may involve converting frequencies 

into servings. An algorithm that converts frequency to servings is available from the 

National Cancer Institute (NCI)
44

 for the U.S. population. Briefly, the algorithm is used 

to compute portion sizes using data from the Eating at America’s Table Study (EATS) in 

NHANES 2003-2006 participants regarding amounts typically consumed per eating 

occasion.
44

 Researchers use different algorithms for food group types, age groups, and 

gender type. Another method of computing portion sizes is available for European 

populations called the Multiple Source Method (MSM).
45

 This method provides typical 

food intakes of individuals based on their short term food intake. The probability of 

consuming each food and the amount consumed is considered in the modeling process.
45

 

The MSM is similar to the NCI method except that the MSM is able to assign zero 

intakes to individuals when they do not consume anything.
45

   

The semi-quantitative FFQ is a subtype of FFQ. Instead of asking about 

frequency only, a semi-quantitative FFQ asks for frequency of intake based on 

standardized portion sizes. Researchers may provide a description of what a standard 

portion size is (e.g., a serving size is 1 medium piece of whole fruit)
46

 in the 

questionnaire. This eliminates the need to convert frequency of intake into servings or 

amounts. Some semi-quantitative FFQs are further improved by asking children to fill in 

the frequency of consumption of food items, and requesting that parents or caregivers fill 

in the usual portion sizes that children eat and drink.
47

 

Cade and colleagues provided evidence of validity for a FFQ in the form of a 24-

hour tick list which was completed by children (3-7 years), a parent classroom assistant, a 
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dinner supervisor and parents. Foods consumed by individual children that day were 

ticked or marked. The tick-list consisted of 27 to 92 foods, depending on the survey 

respondents. After the meal, children, parents or staff in school ticked the foods that 

children ate during the meal on that day. No information about the amount of foods was 

requested in the surveys. Frequencies were converted using the National Diet and 

Nutrition Survey (NDNS) in the United Kingdom. Spearman correlation coefficients for 

fruits, vegetables, and total fruits and vegetables between the tick list and weighed food 

diaries completed by researchers and parents were 0.52, 0.56, and 0.40
47

 which are 

considered moderate to strong correlations.
48

  

A FFQ used to measure fruit and vegetable intake among children in another 

study was a 137-item semi-quantitative FFQ. The FFQ was completed by parents with 

children (5-12 years). Results from the FFQ were compared with biomarkers such as 

plasma carotenoids and lutein. Correlations between parental reports and plasma beta-

carotene were 0.54 for fruits and 0.54 for vegetables after adjusting for BMI of 

children.
41

  However, when a different FFQ was filled out by 5
th

 grade students in Puerto 

Rico, the correlations for nutrients assessed by the FFQ and food diaries (completed by 

students and parents) were lower than 0.2 for all nutrients. 
49

 Furthermore, Hmong 

children (9-13 years) overestimated fruit and vegetable intake using the Block kid’s FFQ 

(77 food items) compared with two 24-hour dietary recalls.
50

 These studies suggest that 

FFQ reports filled out by only parents or both parents and children together may yield 

more accurate responses than when children complete the FFQ alone. Parent involvement 

can burden researchers who have limited time or resources to support this method. Using 
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brief screeners to collect children’s consumption information may alleviate the 

complexity involved with parental assistance. 

Researchers need to consider strengths and weaknesses of FFQs when deciding 

which instrument to use. FFQs can capture long-term usual intake of participants as they 

regularly ask for information about intakes over a period of time.
51

 Administration of 

FFQs is easy and inexpensive so they can be used in large population studies. FFQs are 

highly customizable to fit specific ethnic groups or individuals in different regions. 

Weaknesses include the fact that children may not be capable of estimating frequency of 

consumption of foods over a certain amount of time and the dependence on long term 

memory may impede the accuracy of recalling typical consumption.
38

 Also, studies found 

children overestimate intake using FFQs.
32,52,53

 FFQs are a better measurement for 

frequently consumed food compared to  measuring less commonly consumed food.
52

 This 

could be problematic for children whose food intakes are highly variable.
36

 The major 

weakness of FFQs is that they are not as accurate as other dietary measurement methods 

such as 24 hour dietary recalls or food records, as they do not collect food details, in real-

time from participants.
36

 

Brief screeners 

While data from FFQs can represent a total diet assessment based on frequency 

and information about portion sizes, brief screeners can be structured to focus on only 

certain aspects of diet with or without portion size information.
36,54

 Brief screeners may 

also serve as a tool to create interest among participants in healthy eating promotions.
36

 

In addition, results of screeners with validity evidence can serve to inform those who 

make school nutrition policies.
55

 The type of questions in brief screeners are similar to 
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FFQs which request information about the frequency of food intake but are usually 

limited to specific food groups or foods of interest. Brief screeners are often used in the 

assessment of fruit, vegetable and fat consumption.
36

 Screeners developed to assess 

intake of specific micronutrients such as calcium
56–58

 among children aged 9 and above 

were found to support validity evidence when compared to multiple 24 hour dietary 

recalls. Brief screeners often do not provide information on the whole diet, therefore 

these tools cannot accurately measure energy or all macronutrients and micronutrients.  

Studies have shown mixed results when evaluating validity evidence for brief 

screeners among children using observational methods,
40

 food records
47,59,60

 or 24-hour 

dietary recalls.
61,62

  Brief screeners are thought to be unsuitable for measuring children’s 

intakes for several reasons. Children may be too young to rationally estimate and 

calculate frequency of intake arithmetically.
60,63

 However, some researchers have 

proposed that brief screeners may be more useful among children if completed with 

parental assistance
59

 and included portion sizes as descriptions to help children visualize 

intake.
61

 Slater et al.
64

 reported a higher correlation between screeners estimating fruit 

and vegetable intake and carotenoid biomarkers than between fruit and vegetable intake 

and 24-hour dietary recalls. This unexpected finding could be based on differences in 

populations, sample sizes, or structure of the questions.
64

  

The Food Behavior Checklist (FBC) developed by the University of California 

Cooperative Extension, University of California Davis, is a type of brief screener used 

with low-income adult women.
65

 The FBC contains 22 questions to measure participants’ 

behavior before and after nutrition education classes to assess change that could be 

attributed to the nutrition education. Studies of the FBC have provided evidence of 
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validity in terms of accuracy of responses
41–43

 and readability
69,70

 among women in 

different ethnic groups. Branscum and colleagues examined the reliability and construct 

validity (how well the questions are measuring the construct of interest)
71

 of the FBC 

modified for children (FBC-MC) with 8 to 9-year-old low-income children. Questions 

related to food insecurity were excluded from this checklist. Confirmatory factor analysis 

showed evidence of validity for the FBC-MC but not reliability. Therefore, researchers 

suggested that some survey questions be modified and tested with a larger group of 

children.
72

 

A modified version of the FBC used to determine fruit and vegetable intake 

among children is the Fruit and Vegetable Questionnaire (FVQ). Two single retrospective 

questions from the FBC about usual fruit and usual vegetable intake illustrated with 

measuring cup pictures (FVQ) are included.
65

 The wording of the question in the FBC 

(“How much do you eat each day?”) differs slightly from the question in the FVQ (How 

many cups of vegetables/fruits do you eat on most days?). The measuring cup pictures in 

the FVQ reflect the MyPyramid guidelines for intake of fruits and vegetables. The 

pictures of these fruits and vegetables are included to help children visualize the amount 

they have eaten in terms of a variety of foods. Even though juices are not included in the 

pictures, the instruction guide encourages researchers to emphasize that 100% juices with 

no sugar-added beverages can be counted toward their usual intakes.  

Brief screeners are useful and inexpensive, qualities which are attractive for many 

practitioners or researchers. Researchers need to be cautious when using brief screeners 

as a sole means of assessing dietary intakes, especially among children, as studies have 

shown mixed results regarding evidence of validity.  
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Dietary recalls 

Twenty-four-hour dietary recalls are conducted in an interview format to obtain 

information from individuals about intake for one day. Trained interviewers ask 

participants about what the individual ate and drank during the previous day with 

appropriate probing methods. Interviewers are typically taught to use a multiple-pass 

method
73

 when conducting 24-hour dietary recalls. The first pass is used to obtain a quick 

list of foods and beverages from participants. The quick list is then reviewed with 

participants. Probes help participants with items they may have forgotten. In the third 

pass, interviewers ask about details of each food or beverage consumed including 

amount, brand name and cooking methods. However, children may be less likely to know 

brand names or cooking methods compared to adults. Finally, interviewers review to 

confirm details reported by participants.
74

   

Two software packages are available to enter and analyze interview data. First, 

USDA has developed its own Dietary Intake Data System which consists of the 

Automated Multiple Pass Method (AMPM), an interview-software program used to 

collect food intake, the Post-Interview Processing System (PIPS), a system that assigns 

specific codes to different foods, and Survey Net, another system that assigns codes and 

analyzes data.
73

 AMPM has been assessed for validity evidence among 20 premenopausal 

women. Results were then compared with 14-day food records and doubly-labeled water 

(an assessment method to measure total energy expenditure). Energy and nutrient intakes 

were not significantly different between these methods.
75

 Second, the Nutrition 

Coordinating Center (NCC) at the University of Minnesota has developed another 

interview-software program that uses its own food database and data analysis program 
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called Nutrition Data System for Research (NDSR).
76

 Thus, researchers can choose either 

one of the software programs based on familiarity with the program. 

Lytle et al.
77

 provided validity evidence for 24-hour dietary recalls collected with 

NDSR software from children as young as 8 years. Intakes from dietary recalls were 

compared with observational methods and showed a moderate to strong correlation of 

0.41 to 0.79 for nutrients.
48

 The observation was conducted by researchers when children 

were in school and by parents when children were at home. Children overestimated or 

underestimated portion sizes for all food groups.
77

  In a study by Crawford and 

colleagues, 24-hour dietary recalls yielded agreement of 0.46 to 0.79 in terms of nutrients 

when compared with observational methods with children (9-10 years).
78

 Lytle and 

colleagues conducted a study with 4
th

 grade students and observed moderate to strong 

correlations of 0.65, 0.42 and 0.52 between observed intake and intake based on 24-hour 

dietary recalls for fruit, vegetables, and total fruit and vegetables, respectively.
79

 Among 

all students, some were assigned to keep food records the day before the recall which 

resulted in higher agreement between recalls and observation compared with students 

who did not keep food records.
79

  To further improve the 24-hour dietary recall protocol, 

Baxter et al. included physical activity questions in the recall.
73

 However, no significant 

differences were noted in accuracy
80

 indicating that the current interview protocol is 

optimal to collect recalls. In summary, 24-hour dietary recalls collected from children by 

trained interviewers are one of the better methods to obtain dietary intake information. 

Although 24-hour dietary recalls are more accurate than other methods to estimate 

intake, dietary recalls are very expensive as training and usage of specialized software 

can be costly. Training interviewers is critical when conducting recalls as adherence to an 
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interview protocol can affect the quality of the interview.
81

 When estimating usual 

intakes, multiple recalls are needed. Multiple recalls increase respondent burden. Recalls 

are usually restricted to small population studies by cost and time to execute.  

Group-administered 1-day dietary recall 

A group-administered 1-day dietary recall does not involve an interview to obtain 

diet information but instead uses questionnaires which can be distributed in group 

settings. One example of this dietary recall is the A Day in the Life Questionnaire 

(DILQ).
82

 The DILQ contains 16 questions about diet and activities for the previous day. 

Children write down the name of foods and beverages they ate. They can also draw 

pictures of the foods they ate for breakfast, lunch, and dinner. Activity-based questions 

serve to help children remember the food and drinks they consumed based on 

simultaneous activities. Also, these questions camouflage the intention of collecting 

information about fruit and vegetable intake. Fruit and vegetable consumption is 

calculated from the DILQ by tallying the number of times fruit, vegetables, and 100% 

fruit juice is written by students. The sum of foods can be compared before and after an 

intervention to identify whether nutrition education is successful. In the study by 

Edmunds and colleagues, nutrition education emphasized consuming whole fruits and 

vegetables, therefore, these researchers excluded mixed dishes that contained fruit or 

vegetables in their calculations.
82

  

 Three studies have assessed validity evidence for the DILQ among school 

children. Edmunds and colleagues found an agreement of combined fruit and vegetable 

intake in two different elementary schools (0.68 and 0.74) between the DILQ and 

observation conducted by the research team at school lunch and breaks with students (7-9 
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years).
82

 Wallen and colleagues found similar agreement (0.65 for fruit and 0.73 for 

vegetable) between the DILQ and plate waste during school lunch with students (9-11 

years).
83

 However, Moore and colleagues found lower agreement when evaluating 

validity evidence for the DILQ with 24-hour dietary recalls with students (9-11 years). 

Spearman’s correlation coefficients between the two instruments were 0.39 and 0.41 for 

fruit and vegetables, respectively, for the whole day excluding breakfast.
84

  

 A unique advantage of the DILQ is that teachers or researchers can administer the 

survey without much training in group settings. Administration in group settings saves 

time. Students and teachers liked this survey.
82,83

  Agreement for the DILQ, when 

validation was conducted for a greater number of eating occasions than lunch, was 

moderate. Information about portion sizes of fruits and vegetables consumed is not 

requested from children completing the survey. Therefore, this limitation needs to be 

considered when deciding to use the DILQ as the sole dietary assessment method. 
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ii Validation methods 

 Validity is based on how well an instrument can measure what it is intended to 

measure.
85

 Two types of validity can be described, absolute and relative or convergent 

validity.
86

 Absolute validity is based on comparing dietary information obtained from 

self-report to direct observation. Gibson argued that the absolute truth or accuracy of 

dietary changes before and after interventions is possible only through direct 

observation.
79

 However, these methods are complex and expensive to implement limiting 

the ability of researchers to use such methods.
86

  

Researchers are most likely to assess relative or convergent validity. Relative 

validity compares test tools with previous reference tools with strong validity evidence 

that measure similar constructs.
86,87

 For example, the DILQ and 24-hour dietary recalls 

can measure fruit and vegetable consumption, therefore they are measuring similar 

constructs. Thus, researchers were able to use 24-hour dietary recalls as a comparison to 

give a sense of relative validity to the DILQ.
88

  Willett suggested that although 24-hour 

dietary recalls are subject to measurement error and rely solely on the best memory of the 

individual, 24-hour dietary recalls are the most useful method when participants are have 

low literacy or low motivation.
89

  

 In addition to 24-hour dietary recalls, measurements from test tools can be 

compared with measurements based on food records. A study conducted among 11 year-

old students in Belgium and Italy used 7-day food records to validate the Health Behavior 

in School-aged Children (HBSC) FFQ.
83

 Children were taught by a dietitian to fill out 

food records for six eating occasions including breakfast, lunch, dinner, and snacks after 

each meal. The dietitian encouraged children to ask for assistance from parents when 
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completing the FFQ at home. Food records were completed immediately after foods and 

beverages were consumed, so the individual did not rely on memory. However, 

researchers still found that students inadequately described foods or omitted some 

foods.
90

 Others also argued that food records may heighten the awareness of participants, 

therefore their eating patterns will change, which may result in lower correlation when 

evaluating validity evidence for the test tools.
89

  

 Another reference method researchers use in validation studies is to compare 

biomarkers with results from test tools.
86

  Biomarkers are objective measurements from 

saliva, blood, urine or tissues that reflect dietary intake of specific foods or food groups 

and are not affected by dietary intake measurement errors. For example, researchers have 

used biomarkers such as beta-carotene to estimate intake of fruit and vegetables. Burrows 

and colleagues compared plasma carotenoid levels to parental report of children’s fruit 

and vegetable intake in an Australian Child and Adolescent Eating Survey FFQ.
33

 Parents 

of overweight and obese children reported greater dietary intake of carotenoids in the 

FFQ than what was reflected in plasma carotenoid levels of children. Researchers 

suggested that overweight and obese children may store higher levels of carotenoids in 

adipose tissue than plasma compared with normal weight children.
41

  Therefore 

carotenoids may not be the best biomarker of fruit and vegetable intake when comparing 

overweight or obese groups with normal weight children.  

 Some common statistical analysis methods to measure relative or convergent 

validity are Pearson correlation analysis (coefficient r) and Bland-Altman analysis. Both 

methods measure the agreement between two readings from different dietary assessment 

tools.
91,92

 While r only measures the linear relationship of the two variables, Bland-
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Altman analysis takes into account variation in differences between the variables.
91,92

 The 

r value can range from -1 to 1, which indicates a negative or positive relationship 

depending on the positive or negative sign, or no relationship at all when r = 0.
86

 

Instruments are considered to have good agreement when r is close to 1. For Bland-

Altman analysis, two instruments are considered to have good agreement when the mean 

of differences of readings is close to 0 and the limits of agreement are narrow.
92

 

 Measurement errors are based on having readings that are different from true 

values provided by respondents for various reasons.
93

 Because these measurement errors 

typically decrease the r value, an algorithm was proposed to deattenuate r (to remove 

measurement errors) in order to determine the true value of r.
89

   

 

rt = true correlation; ro = observed correlation; λx = ratio of within- and between-person 

variances for x (readings from dietary assessment tools); nx = the number of replicates per 

person for the x variable. 

Many factors influence the accuracy of dietary intake reporting including body 

mass index (BMI). According to a 2007 Australian Children’s Survey, children (2-16 

years) who had higher BMI were more likely to under report energy intake and children 

who had lower BMI were more likely to over report energy intake.
94

  Similar results were 

found in a Swedish study in which energy intake was reported in diet history interviews 

by overweight and obese children (mean age = 10.5) and compared with the doubly-

labeled water and SenseWear armband measures (measurement of total energy 

expenditure).
95

  



 

22 

 

 In addition to BMI, researchers need to consider the sample selection and time 

frame when designing validation studies. First, researchers should select a representative 

sample of participants that suits the aim of the research.
86

 Researchers should be mindful 

of the ethnicity of participants as language and cultural background may affect the 

accuracy of the tool based on reading level and cultural appropriateness. Second, both the 

reference tool and test tool should measure the same constructs over the same time 

span.
86

 For instance, a test tool which measures 1-day dietary intake must be matched 

with reference tools such as a 24-hour dietary recall or a 1-day weighed food record. If 

the test tool is a FFQ which measures usual intake, then the reference tool should reflect 

measurements spanning a period of time such as 7-day food records or multiple 24-hour 

dietary recalls.
86

 

 Other extrinsic factors that affect validity evidence include design of tools and 

data management.
85

 Survey questions may not encompass all the diet sources of 

participants. Therefore, tools may have weak evidence of validity because they do not 

include the variety of foods that are typically consumed. Also, not including an adequate 

number of frequency categories to choose from will result in lower precision and 

agreement with the reference tool.
85

 Furthermore, data management also plays a vital role 

in validity studies. A systematic approach to control the quality of data will result in less 

error in data entry and fewer problems during data analysis.
85
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iii Measuring change in intake 

Dietary assessment tools are often used to detect or measure changes in dietary 

intake by comparing intake measured before and after an intervention. The ability to 

measure changes in intakes is called sensitivity or responsiveness.
96

 Responsiveness can 

be measured by using observed changes in intakes pre- and post-intervention divided by 

the standard deviation of changes.
97

 Responsiveness is affected by treatment effects, 

validity evidence of instruments and susceptibility of instruments to bias.
97

  

Researchers have previously examined dietary assessment tools for 

responsiveness. The DILQ has been tested for sensitivity among students (8-9 years).
82

 

The DILQ was distributed on Tuesday and Friday, where free fruits were given on 

Thursday but not Monday. Mean fruit consumption on Thursday (1.43 counts of fruit) 

was significantly higher than Monday (0.96 counts of fruit). Thus, the DILQ was shown 

to be sensitive to capture changes in intake.
82

  

In another study, a fruit and vegetable instrument was examined for sensitivity by 

comparing intakes before and after an intervention between pre-coded 24-hour dietary 

recalls and a FFQ.
98

 Students (6-10 years) were given choices to subscribe to a fruit and 

vegetable program where they would receive one piece of fruit or vegetable each school 

day. Five weeks after the intervention, significant changes in fruit intake (0.4 piece, p = 

0.019) but not vegetable intake were detected among subscribers and nonsubscribers (0.3 

piece, p = 0.008) based on a pre-coded food diary (a semi-quantitative 215-item food 

diary similar to a FFQ). However, no significant differences in fruit intake were observed 

among subscribers based on the FFQ (0.1 piece, p = 0.104).
98

  The FFQ may not have 
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been able to detect very small changes and therefore was not as sensitive compared with 

pre-coded 24-hour dietary recalls. 

Moore and colleagues examined the sensitivity of a computerized 24-hour dietary 

recall questionnaire among students (9-11 years). Students’ recalls were compared 

between schools that had “no food”, “no restriction” and “fruit only” policies for bringing 

snacks to school for morning break. The computerized 24-hour dietary recalls were more 

sensitive for detecting differences in fruit intake among students in “fruit only” policy 

schools which had significantly higher fruit intake compared with “no food” policy 

schools. Conversely, students at schools with “no restriction” policies were reported to 

have significantly higher intake of sweets, chocolate, and biscuits compared with students 

at schools with “no food” and “fruit only” policies.
88

 

The sensitivity studies reviewed above compared intakes of students under 

different policies with respect to bringing snacks to school or before and after an 

intervention. Significant differences were observed when intakes were measured at the 

group level compared to the individual level, thus these sensitivity studies were solely 

capturing group differences. Other studies have considered sensitivity in the development 

of tools, but did not test sensitivity.
99,100

 Therefore, more studies are needed to not only 

assess validity evidence but also test sensitivity of dietary assessment tools for children. 
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1.d Summary 

 School children are not eating the recommended amount of fruit and vegetables, 

even though these foods are beneficial for their health.
2
 Interventions such as nutrition 

education are developed to encourage school children to increase fruit and vegetable 

intake. Dietary assessment tools are needed to assess children’s fruit and vegetable 

intakes and to decide whether the intervention is effective. Most of these tools, which 

include FFQs, brief screeners, 24-hour dietary recalls, and group-administered 1-day 

dietary recalls are used with adult participants and are adapted for use with children.
32

 

Thus, the evidence of validity for these tools is unknown. Each tool has its own 

advantages and disadvantages. 

As FFQs are easy to administer, low cost, and measure usual diet, they can be 

used for epidemiology studies that assess trends or disease-diet links over a long period 

of time.
36

 When FFQs are completed by children, a list of appropriate food and smaller 

portion sizes should be provided.
36

 If there are only certain food groups that are of 

research interest, brief screeners may be chosen as they are shorter and have lower 

response burden. However, the evidence of validity for both measurements among 

children is from low to moderate or unknown. Thus, more validity studies should be done 

to understand the accuracy of both methods. 

  Stronger validity evidence was found in group-administered 1-day dietary recalls 

and 24-hour dietary recalls in the U.S. although they were only tested during school 

meals. When researchers have limited resources and need to assess dietary intake for one 

whole day, they can opt for group-administered 1-day dietary recalls. These tools share 

some advantages with FFQs and are shorter and less burdensome for children. Further, 



 

26 

 

when fruit and vegetable intake is the only dietary outcome of interest, researchers may 

choose to use the DILQ. Lastly, with enough resources and training capacity, researchers 

can choose to use 24-hour dietary recalls to obtain detailed information about dietary 

intakes in children. 

Although there is no perfect tool for every situation,
32

 researchers can consider 

several factors such as resources, types of dietary outcomes (nutrients or behaviors), 

participants’ characteristics, and research outcomes (short-term intake or usual intake).
101

 

University of Minnesota Extension evaluated its elementary student (3
rd

 graders) nutrition 

program’s effectiveness by measuring fruit and vegetable intake. They chose to use the 

DILQ and FVQ because they were inexpensive and easy to administer. The DILQ was 

chosen to assess one day fruit and vegetable intake; whereas the FVQ was chosen to 

assess usual fruit and vegetable intake. As described previously, the validity evidence for 

the DILQ has only been assessed for certain meals instead of a whole day
21,82,83

, and the 

FVQ was never evaluated in young children. 

Validation studies assess whether dietary instruments are measuring what they are 

meant to measure.
86

 Although absolute validity may have fewer errors, relative or 

convergent validity is chosen more often as it only requires testing instruments with 

another previously-validated tool. Researchers use 24-hour dietary recalls, food records, 

and biomarkers as reference methods for testing tools. Factors that influence validity 

evidence are participants’ BMI, time frame of the study, design of testing tools, and data 

management.
86

  

Dietary measurement tools should also be sensitive enough to detect changes to 

evaluate effectiveness of interventions or different food policies implemented in schools. 
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Tools such as the DILQ and computerized 24-hour dietary recalls were sensitive enough 

to detect changes in fruit and vegetable intake among school children.82,88
 Sensitivity was 

not tested for other tools, thus more research is needed. 

Validation studies are needed to evaluate validity evidence of FFQs, brief 

screeners, and group administered 24-hour dietary recalls among children. There are a 

variety of measures that can be chosen to evaluate validity evidence against untested 

dietary assessment methods in certain populations. Sensitivity needs to be considered 

when choosing a tool to assess effectiveness of interventions including nutrition 

education programs. More research is needed to better understand the factors that 

contribute to the validity evidence for measurement tools for young children.  



 

28 

 

1.e References  

1.  Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of childhood and adult 

obesity in the United States, 2011-2012. JAMA. 2014;311(8):806. 

doi:10.1001/jama.2014.732. 

2.  Lorson B A, Melgar-Quinonez HR, Taylor C A. Correlates of fruit and vegetable 

intakes in US children. J Am Diet Assoc. 2009;109(3):474–8. 

doi:10.1016/j.jada.2008.11.022. 

3.  Roberts K, Flaherty SJ, Levie L, Reddy S, Jenner D, Swanston D. Review of 

dietary assessment methods in public health. 2010;(August). 

4.  Potischman N, Cohen B, Picciano M. Dietary recommendations and identified 

research needs for The National Children’s Study. J Nutr. 2006;(December 

2003):686–689. Available at: http://jn.nutrition.org/content/136/3/686.short. 

Accessed February 22, 2014. 

5.  Livingstone MBE, Robson PJ, Wallace JMW. Issues in dietary intake assessment 

of children and adolescents. Br J Nutr. 2004;92(S2):S213. 

doi:10.1079/BJN20041169. 

6.  United States Department of Agriculture, United States Department of Health and 

Human Services. Dietary Guidelines for Americans.; 2010. Available at: 

http://www.health.gov/dietaryguidelines/dga2010/DietaryGuidelines2010.pdf. 

7.  Usual Dietary Intakes: Food Intakes, US Population. 2013;2014(January 9). 

Available at: http://appliedresearch.cancer.gov/diet/usualintakes/pop/. Accessed 

October 18, 2013. 

8.  Slining MM, Mathias KC, Popkin BM. Trends in food and beverage sources 

among US children and adolescents: 1989-2010. J Acad Nutr Diet. 

2013;113(12):1683–94. doi:10.1016/j.jand.2013.06.001. 

9.  Kirkpatrick SI, Dodd KW, Reedy J, Krebs-Smith SM. Income and race/ethnicity 

are associated with adherence to food-based dietary guidance among US adults 

and children. J Acad Nutr Diet. 2012;112(5):624–635.e6. 

doi:http://dx.doi.org/10.1016/j.jand.2011.11.012. 

10.  Robinson-O’Brien R, Burgess-Champoux T, Haines J, Hannan PJ, Neumark-

Sztainer D. Associations between school meals offered through the National 

School Lunch Program and the School Breakfast Program and fruit and vegetable 

intake among ethnically diverse, low-income children. J Sch Health. 

2010;80(10):487–92. doi:10.1111/j.1746-1561.2010.00532.x. 



 

29 

 

11.  Matheson DM, Varady J, Varady A, Killen JD. Household food security and 

nutritional status of Hispanic children in the fifth grade. Am J Clin Nutr. 

2002;76(1):210–7. Available at: http://www.ncbi.nlm.nih.gov/pubmed/12081837. 

Accessed April 26, 2014. 

12.  Slavin JL, Lloyd B. Health benefits of fruits and vegetables. Adv Nutr An Int Rev J. 

2012;3(4):506–516. 

13.  Steinmetz KA, Potter JD. Vegetables, fruit, and cancer prevention: a review. J Am 

Diet Assoc. 1996;96(10):1027–39. doi:10.1016/S0002-8223(96)00273-8. 

14.  Carter P, Gray LJ, Troughton J, Khunti K, Davies MJ. Fruit and vegetable intake 

and incidence of type 2 diabetes mellitus: systematic review and meta-analysis. 

BMJ Br Med J. 2010;341. 

15.  Duyn M Van, Pivonka E. Overview of the health benefits of fruit and vegetable 

consumption for the dietetics professional. J Am Diet Assoc. 2000;100(12):1511–

1521. 

16.  Ness a R, Maynard M, Frankel S, et al. Diet in childhood and adult cardiovascular 

and all cause mortality: the Boyd Orr cohort. Heart. 2005;91(7):894–8. 

doi:10.1136/hrt.2004.043489. 

17.  Maynard M, Gunnell D, Emmett P, Frankel S, Davey Smith G. Fruit, vegetables, 

and antioxidants in childhood and risk of adult cancer: the Boyd Orr cohort. J 

Epidemiol Community Health. 2003;57(3):218–25. Available at: 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1732406&tool=pmcen

trez&rendertype=abstract. 

18.  Mahabir S. Association between diet during preadolescence and adolescence and 

risk for breast cancer during adulthood. J Adolesc Health. 2013;52(5 Suppl):S30–5. 

doi:10.1016/j.jadohealth.2012.08.008. 

19.  Wosje K, Khoury P. Dietary patterns associated with fat and bone mass in young 

children. Am J Clin Nutr 2010:294–303. doi:10.3945/ajcn.2009.28925.294. 

20.  Lindquist CH, Gower B A, Goran MI. Role of dietary factors in ethnic differences 

in early risk of cardiovascular disease and type 2 diabetes. Am J Clin Nutr. 

2000;71(3):725–32. Available at: http://www.ncbi.nlm.nih.gov/pubmed/10702165. 

21.  Moore LL, Singer MR, Bradlee ML, et al. Intake of fruits, vegetables, and dairy 

products in early childhood and subsequent blood pressure change. Epidemiology. 

2005;16(1):4–11. doi:10.1097/01.ede.0000147106.32027.3e. 



 

30 

 

22.  Shi L, Krupp D, Remer T. Salt, fruit and vegetable consumption and blood 

pressure development: a longitudinal investigation in healthy children. Br J Nutr. 

2014;111(4):662–71. doi:10.1017/S0007114513002961. 

23.  Kelishadi R, Gouya MM, Adeli K, et al. Factors associated with the metabolic 

syndrome in a national sample of youths: CASPIAN Study. Nutr Metab 

Cardiovasc Dis. 2008;18(7):461–70. doi:10.1016/j.numecd.2007.02.014. 

24.  Jääskeläinen P, Magnussen CG, Pahkala K, et al. Childhood nutrition in predicting 

metabolic syndrome in adults: the cardiovascular risk in Young Finns Study. 

Diabetes Care. 2012;35(9):1937–43. doi:10.2337/dc12-0019. 

25.  Holt EM, Steffen LM, Moran A, et al. Fruit and vegetable consumption and its 

relation to markers of inflammation and oxidative stress in adolescents. J Am Diet 

Assoc. 2009;109(3):414–21. doi:10.1016/j.jada.2008.11.036. 

26.  Epstein LH, Gordy CC, Raynor HA, Beddome M, Kilanowski CK, Paluch R. 

Increasing fruit and vegetable intake and decreasing fat and sugar intake in 

families at risk for childhood obesity. Obes Res. 2001;9(3):171–178. 

doi:10.1038/oby.2001.18. 

27.  Patterson E, Wärnberg J, Poortvliet E, Kearney JM, Sjöström M. Dietary energy 

density as a marker of dietary quality in Swedish children and adolescents: the 

European Youth Heart Study. Eur J Clin Nutr. 2010;64(4):356–63. 

doi:10.1038/ejcn.2009.160. 

28.  Vernarelli JA, Mitchell DC, Hartman TJ, Rolls BJ. Dietary energy density is 

associated with body weight status and vegetable intake in U.S. children. J Nutr. 

2011;141(12):2204–10. doi:10.3945/jn.111.146092. 

29.  Ledoux TA, Hingle MD, Baranowski T. Relationship of fruit and vegetable intake 

with adiposity: a systematic review. Obes Rev. 2011;12(5):e143–e150. 

30.  Field a E, Gillman MW, Rosner B, Rockett HR, Colditz G A. Association between 

fruit and vegetable intake and change in body mass index among a large sample of 

children and adolescents in the United States. Int J Obes Relat Metab Disord. 

2003;27(7):821–6. doi:10.1038/sj.ijo.0802297. 

31.  Wang Y, Ge K, Popkin BM. Why do some overweight children remain overweight, 

whereas others do not? Public Health Nutr. 2003;6(6):549–558. 

doi:10.1079/PHN2003470. 

32.  McPherson RS, Hoelscher DM, Alexander M, Scanlon KS, Serdula MK. Dietary 

assessment methods among school-aged children: validity and reliability. Prev 

Med (Baltim). 2000;31(2):S11–S33. doi:10.1006/pmed.2000.0631. 



 

31 

 

33.  Foster E, Adamson A J, Anderson a S, Barton KL, Wrieden WL. Estimation of 

portion size in children’s dietary assessment: lessons learnt. Eur J Clin Nutr. 

2009;63 Suppl 1:S45–9. doi:10.1038/ejcn.2008.64. 

34.  Piaget J. Part I: Cognitive development in children: Piaget development and 

learning. J Res Sci Teach. 1964;2(3):176–186. doi:10.1002/tea.3660020306. 

35.  Nelson K. The psychological and social origins of autobiographical memory. 

Psychol Sci. 1993;4(1):7–14. doi:10.1111/j.1467-9280.1993.tb00548.x. 

36.  Thompson F, Subar A. Dietary assessment methodology. In: Nutrition in the 

Prevention and Treatment of Disease.; 2001:3–39. doi:10.1016/B978-0-12-

391884-0.00001-9. 

37.  Baranowski T, Domel SB. A cognitive model of children’s reporting of food 

intake. Am J Clin Nutr. 1994;59(1 Suppl):212S–217S. Available at: 

http://www.ncbi.nlm.nih.gov/pubmed/8279427. Accessed April 25, 2014. 

38.  Livingstone MBE, Robson PJ, Wallace JMW. Issues in dietary intake assessment 

of children and adolescents. Br J Nutr. 2004;92 Suppl 2:S213–22. Available at: 

http://www.ncbi.nlm.nih.gov/pubmed/15522159. 

39.  Boyle MA, Holben DH. Direct Assessment of Nutritional Status: An Overview of 

Methods. In: 5th edition. Community Nutrition in Action An Entrepreneurial 

Approach. California: Wadsworth; 2006:79. 

40.  Di Noia J, Contento IR. Use of a brief food frequency questionnaire for estimating 

daily number of servings of fruits and vegetables in a minority adolescent 

population. J Am Diet Assoc. 2009;109(10):1785–9. 

doi:10.1016/j.jada.2009.07.002. 

41.  Burrows TL, Warren JM, Colyvas K, Garg ML, Collins CE. Validation of 

overweight children’s fruit and vegetable intake using plasma carotenoids. Obesity 

(Silver Spring). 2009;17(1):162–8. doi:10.1038/oby.2008.495. 

42.  Kim DW, Oh S-Y, Kwon S-O, Kim J. Comparison of validity of food group intake 

by food frequency questionnaire between pre- and post- adjustment estimates 

derived from 2-day 24-hour recalls in combination with the probability of 

consumption. Asian Pac J Cancer Prev. 2012;13(6):2655–61. Available at: 

http://www.ncbi.nlm.nih.gov/pubmed/22938437. 

43.  Lanfer A, Hebestreit A, Ahrens W, et al. Reproducibility of food consumption 

frequencies derived from the Children’s Eating Habits Questionnaire used in the 

IDEFICS study. Int J Obes (Lond). 2011;35 Suppl 1:S61–8. 

doi:10.1038/ijo.2011.36. 



 

32 

 

44.  Tooze JA, Midthune D, Dodd KW, et al. A new statistical method for estimating 

the usual intake of episodically consumed foods with application to their 

distribution. J Am Diet Assoc. 2006;106(10):1575–87. 

doi:10.1016/j.jada.2006.07.003. 

45.  Haubrock J, No U, Harttig U, et al. Estimating usual food intake distributions by 

using the multiple source method in the EPIC-Potsdam Calibration Study. J Nutr. 

2011;141(5):914–20. doi:10.3945/jn.109.120394. 

46.  Prochaska JJ, Sallis JF. Reliability and validity of a fruit and vegetable screening 

measure for adolescents. J Adolesc Health. 2004;34(3):163–5. 

doi:10.1016/j.jadohealth.2003.07.001. 

47.  Cade J, Frear L, Greenwood D. Assessment of diet in young children with an 

emphasis on fruit and vegetable intake: using CADET – Child and Diet Evaluation 

Tool. Public Health Nutr. 2007;9(04):501–508. doi:10.1079/PHN2005871. 

48.  Kolodziejczyk JK, Merchant G, Norman GJ. Reliability and validity of 

child/adolescent food frequency questionnaires that assess foods and/or food 

groups. J Pediatr Gastroenterol Nutr. 2012;55(1):4–13. 

doi:10.1097/MPG.0b013e318251550e. 

49.  Preston AM, Palacios C, Rodríguez C A, Vélez-Rodríguez RM. Validation and 

reproducibility of a semi-quantitative food frequency questionnaire for use in 

Puerto Rican children. P R Health Sci J. 2011;30(2):58–64. Available at: 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3438507&tool=pmcen

trez&rendertype=abstract. 

50.  Mulasi-Pokhriyal U, Smith C. Comparison of the Block Kid’s Food Frequency 

Questionnaire with a 24 h dietary recall methodology among Hmong-American 

children, 9-18 years of age. Br J Nutr. 2013;109(2):346–52. 

doi:10.1017/S0007114512001043. 

51.  Carroll RJ, Midthune D, Subar AF, et al. Taking advantage of the strengths of 2 

different dietary assessment instruments to improve intake estimates for nutritional 

epidemiology. Am J Epidemiol. 2012;175(4):340–7. doi:10.1093/aje/kwr317. 

52.  Bel-Serrat S, Mouratidou T, Pala V, et al. Relative validity of the Children’s 

Eating Habits Questionnaire-food frequency section among young European 

children: the IDEFICS Study. Public Health Nutr. 2014;17(2):266–76. 

doi:10.1017/S1368980012005368. 

53.  Field A E, Peterson KE, Gortmaker SL, et al. Reproducibility and validity of a 

food frequency questionnaire among fourth to seventh grade inner-city school 

children: implications of age and day-to-day variation in dietary intake. Public 



 

33 

 

Health Nutr. 1999;2(3):293–300. Available at: 

http://www.ncbi.nlm.nih.gov/pubmed/10512564. 

54.  National Cancer Institute. Short Dietary Assessment tools. 2013. Available at: 

http://appliedresearch.cancer.gov/diet/screeners/. Accessed February 17, 2014. 

55.  Neuhouser ML, Lilley S, Lund A, Johnson DB. Development and validation of a 

beverage and snack questionnaire for use in evaluation of school nutrition policies. 

J Am Diet Assoc. 2009;109(9):1587–92. doi:10.1016/j.jada.2009.06.365. 

56.  Moore M, Braid S, Falk B, Klentrou P. Daily calcium intake in male children and 

adolescents obtained from the rapid assessment method and the 24-hour recall 

method. Nutr J. 2007;6:24. doi:10.1186/1475-2891-6-24. 

57.  Magkos F, Manios Y, Babaroutsi E, Sidossis LS. Development and validation of a 

food frequency questionnaire for assessing dietary calcium intake in the general 

population. Osteoporos Int. 2006;17(2):304–12. doi:10.1007/s00198-004-1679-1. 

58.  Harnack LJ, Lytle L A, Story M, et al. Reliability and validity of a brief 

questionnaire to assess calcium intake of middle-school-aged children. J Am Diet 

Assoc. 2006;106(11):1790–5. doi:10.1016/j.jada.2006.08.014. 

59.  Lillegaard ITL, Overby NC, Andersen LF. Evaluation of a short food frequency 

questionnaire used among Norwegian children. Food Nutr Res. 2012;56. 

doi:10.3402/fnr.v56i0.6399. 

60.  Andersen LF, Bere E, N K, Klepp K-I, Kolbjornsen N. Validity and 

reproducibility of self-reported intake of fruit and vegetable among 6th graders. 

Eur J Clin Nutr. 2004;58(5):771–7. doi:10.1038/sj.ejcn.1601875. 

61.  Hendrie GA, Riley MD. Performance of short food questions to assess aspects of 

the dietary intake of Australian children. Nutrients. 2013;5(12):4822–35. 

doi:10.3390/nu5124822. 

62.  Hunsberger M, O’Malley J, Block T, Norris JC. Relative validation of Block Kids 

Food Screener for dietary assessment in children and adolescents. Matern Child 

Nutr. 2012:1–11. doi:10.1111/j.1740-8709.2012.00446.x. 

63.  Baranowski T, Smith M, Baranowski J, et al. Low validity of a seven-item fruit 

and vegetable food frequency questionnaire among third-grade students. J Am Diet 

Assoc. 1997;97(1):66–8. doi:10.1016/S0002-8223(97)00022-9. 

64.  Slater B, Enes CC, López RVM, Damasceno NRT, Voci SM. Validation of a food 

frequency questionnaire to assess the consumption of carotenoids, fruits and 

vegetables among adolescents: the method of triads. Cad Saude Publica. 

2010;26(11):2090–2100. doi:10.1590/S0102-311X2010001100010. 



 

34 

 

65.  Sylvia K, Townsend M, Martin A, Metz D. University of California Food 

Behavior Checklist. 2006. Available at: 

http://townsendlab.ucdavis.edu/PDF_files/UCCE/UCCE_FBC_4single.pdf. 

66.  Townsend MS, Davidson C, Metz D, Sylva K. Reliability of a visually-enhanced 

food behavior checklist for low income women.[abstract] 2005;37(1):92506. 

67.  Townsend MS, Kaiser LL, Allen LH, Joy AB, Murphy SP. Selecting items for a 

food behavior checklist for a limited-resource audience. J Nutr Educ Behav. 

2003;35(2):69–77. doi:http://dx.doi.org/10.1016/S1499-4046(06)60043-2. 

68.  Murphy SP, Kaiser LL, Townsend MS, Allen LH. Evaluation of validity of items 

for a Food Behavior Checklist. J Am Diet Assoc. 2001;101(7):751–761. 

doi:http://dx.doi.org/10.1016/S0002-8223(01)00189-4. 

69.  Banna JC, Vera Becerra LE, Kaiser LL, Townsend MS. Using qualitative methods 

to improve questionnaires for Spanish speakers: assessing face validity of a food 

behavior checklist. J Am Diet Assoc. 2010;110(1):80–90. 

doi:10.1016/j.jada.2009.10.002. 

70.  Townsend MS, Sylva K, Martin A, Metz D, Wooten-Swanson P. Improving 

readability of an evaluation tool for low-income clients using visual information 

processing theories. J Nutr Educ Behav. 2008;40(3):181–6. 

doi:10.1016/j.jneb.2007.06.011. 

71.  Burnett D. Beliefs and intentions of US registered dietitians toward evaluating 

psychological factors related to food and weight concerns of weight management 

clients and making referrals. 2008. Available at: 

http://gradworks.umi.com/33/16/3316451.html. Accessed February 22, 2014. 

72.  Branscum P, Sharma M, Kaye G, Succop P. An evaluation of the validity and 

reliability of a food behavior checklist modified for children. J Nutr Educ Behav. 

2010;42(5):349–52. doi:10.1016/j.jneb.2009.12.005. 

73.  Raper N, Perloff B, Ingwersen L, Steinfeldt L, Anand J. An overview of USDA’s 

Dietary Intake Data System. J Food Compos Anal. 2004;17(3-4):545–555. 

doi:10.1016/j.jfca.2004.02.013. 

74.  Baxter SD, Thompson WO, Litaker MS, et al. Accuracy of fourth-graders’ dietary 

recalls of school breakfast and school lunch validated with observations: in-person 

versus telephone interviews. J Nutr Educ Behav. 2003;35(3):124–34. 

75.  Blanton C A, Moshfegh AJ, Baer DJ, Kretsch MJ. The USDA Automated 

Multiple-Pass Method accurately estimates group total energy and nutrient intake. 

J Nutr. 2006;136(10):2594–9. Available at: 

http://www.ncbi.nlm.nih.gov/pubmed/16988132. 



 

35 

 

76.  Schakel SF. Maintaining a nutrient database in a changing marketplace: keeping 

pace with changing food products—A research perspective. J Food Compos Anal. 

2001;14(3):315–322. doi:10.1006/jfca.2001.0992. 

77.  Lytle LA, Nichaman MZ, Obarzanek E, et al. Validation of 24-hour recalls 

assisted by food records in third-grade children. J Am Diet Assoc. 

1993;93(12):1431–1436. doi:10.1016/0002-8223(93)92247-U. 

78.  Crawford PB, Obarzanek E, Morrison J, Sabry ZI. Comparative advantage of 3-

day food records over 24-hour recall and 5-day food frequency validated by 

observation of 9- and 10-year-old girls. J Am Diet Assoc. 1994;94(6):626–630. 

doi:10.1016/0002-8223(94)90158-9. 

79.  Lytle LA, Murray DM, Perry CL, Eldridge AL. Validating fourth-grade students’ 

self-report of dietary intake: results from the 5 A Day Power Plus program. J Am 

Diet Assoc. 1998;98(5):570–2. doi:10.1016/S0002-8223(98)00127-8. 

80.  Baxter SD, Hardin JW, Smith AF, Royer J A, Guinn CH, Mackelprang AJ. 

Twenty-four hour dietary recalls by fourth-grade children were not influenced by 

observations of school meals. J Clin Epidemiol. 2009;62(8):878–85. 

doi:10.1016/j.jclinepi.2008.11.007. 

81.  Shaffer NM, Baxter SD, Thompson WO, Baglio ML, Guinn CH, Frye FH A. 

Quality control for interviews to obtain dietary recalls from children for research 

studies. J Am Diet Assoc. 2004;104(10):1577–85. doi:10.1016/j.jada.2004.07.027. 

82.  Edmunds LD, Ziebland S. Development and validation of the Day in the Life 

Questionnaire (DILQ) as a measure of fruit and vegetable questionnaire for 7-9 

year olds. Health Educ Res. 2002;17(2):211–20. Available at: 

http://www.ncbi.nlm.nih.gov/pubmed/12036236. 

83.  Wallen V, Cunningham-Sabo L, Auld G, Romaniello C. Validation of a group-

administered pictorial dietary recall with 9- to 11-year-old children. J Nutr Educ 

Behav. 2011;43(1):50–4. doi:10.1016/j.jneb.2009.12.008. 

84.  Moore GF, Tapper K, Murphy S, Clark R, Lynch R, Moore L. Validation of a self-

completion measure of breakfast foods, snacks and fruits and vegetables consumed 

by 9- to 11-year-old schoolchildren. Eur J Clin Nutr. 2007;61(3):420–30. 

doi:10.1038/sj.ejcn.1602531. 

85.  Block G, Hartman a M. Issues in reproducibility and validity of dietary studies. Am 

J Clin Nutr. 1989;50(5 Suppl):1133–8; discussion 1231–5. Available at: 

http://www.ncbi.nlm.nih.gov/pubmed/2683721. 

86.  Gibson RS. Principles of Nutritional Assessment. Second edi. Oxford University 

Press; 2005:149. 



 

36 

 

87.  Blackburn ML, Townsend MS, Kaiser LL, et al. Food behavior checklist 

effectively evaluates nutrition education. Calif Agric. 2006;60(1):20–24. 

doi:10.3733/ca.v060n01p20. 

88.  Moore L, Tapper K, Dennehy a, Cooper a. Development and testing of a 

computerised 24-h recall questionnaire measuring fruit and snack consumption 

among 9-11 year olds. Eur J Clin Nutr. 2005;59(7):809–16. 

doi:10.1038/sj.ejcn.1602146. 

89.  Willett W. Nutritional Epidemiology. 2nd edition. Oxford University Press; 1998. 

90.  Vereecken CA, Rossi S, Giacchi M V, Maes L. Comparison of a short food-

frequency questionnaire and derived indices with a seven-day diet record in 

Belgian and Italian children. Int J Public Health. 2008;53(6):297–305. 

doi:10.1007/s00038-008-7101-6. 

91.  Sedgwick P. Pearson’s correlation coefficient. BMJ. 2012;345(jul04 1):e4483–

e4483. doi:10.1136/bmj.e4483. 

92.  Bland JM, Altman DG. Measuring agreement in method comparison studies. Stat 

Methods Med Res. 1999;8(2):135–160. doi:10.1191/096228099673819272. 

93.  Bland JM, Altman DG. Measurement error. Br Med J. 1996;313(September):744. 

94.  Rangan AM, Flood VM, Gill TP. Misreporting of energy intake in the 2007 

Australian Children’s Survey: identification, characteristics and impact of 

misreporters. Nutrients. 2011;3(2):186–99. doi:10.3390/nu3020186. 

95.  Waling MU, Larsson CL. Energy intake of Swedish overweight and obese children 

is underestimated using a diet history interview. J Nutr. 2009;139(3):522–7. 

doi:10.3945/jn.108.101311. 

96.  Guyatt G, Walter S, Norman G. Measuring change over time: assessing the 

usefulness of evaluative instruments. J Chronic Dis. 1987;40(2):171–8. Available 

at: http://www.ncbi.nlm.nih.gov/pubmed/3818871. 

97.  Kristal AR, Beresford SA, Lazovich D. Assessing change in diet-intervention 

research. Am J Clin Nutr. 1994;59(1 Suppl):185S–189S. Available at: 

http://ajcn.nutrition.org/content/59/1/185S.short. Accessed March 22, 2014. 

98.  Eriksen K, Haraldsdóttir J, Pederson R, Flyger HV. Effect of a fruit and vegetable 

subscription in Danish schools. Public Health Nutr. 2003;6(1):57–63. 

doi:10.1079/PHN2002356. 



 

37 

 

99.  Gattshall ML, Shoup JA, Marshall JA, Crane LA, Estabrooks PA. Validation of a 

survey instrument to assess home environments for physical activity and healthy 

eating in overweight children. 2008;13:1–13. 

100.  Wilson AM, Magarey AM, Mastersson N. Reliability and relative validity of a 

child nutrition questionnaire to simultaneously assess dietary patterns associated 

with positive energy balance and food behaviours, attitudes, knowledge and 

environments associated with healthy eating. Int J Behav Nutr Phys Act. 2008;5:5. 

doi:10.1186/1479-5868-5-5. 

101.  Magarey A, Watson J, Golley RK, et al. Assessing dietary intake in children and 

adolescents: Considerations and recommendations for obesity research. Int J 

Pediatr Obes. 2011;6(1):2–11. doi:10.3109/17477161003728469. 

  



 

38 

 

2. Purpose and Hypothesis 

 The purpose of this study was to determine the convergent or relative validity of 

the FVQ and DILQ in terms of fruit and vegetable intake, against 24-hour dietary recalls, 

with third grade students from a low income school and community center in the 

Minneapolis/St. Paul metropolitan area. The hypothesis is that fruit and vegetable intakes 

measured with the FVQ and DILQ will be in good agreement (deattenuated Pearson 

correlation coefficients ≥0.6) with intake measured with 24-hour dietary recalls.  
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3. Methods 

Participants 

Data were collected from 100 students attending one elementary school and 7 

children participating in a summer community center program in the Minneapolis/St. 

Paul, MN metropolitan area during 2012-2013. Student participants were recruited from 

the Valley View Elementary School, Columbia Heights, MN. Enrollment in the school 

was approximately 488 students with 84% eligible for free or reduced price school 

meals
102

 and 76% racially and ethnically diverse.
103

All students in three classes of 3
rd

 

grade students in 2012 and two of four classes in 2013 were asked to participate. Data 

were also collected from an additional 7 children participating in a summer day camp 

held at a community center in Minneapolis. Of the 82 summer camp participants, 88% 

were eligible for free or reduced price school meals (verbal communication, Community 

Center Director, summer 2013). The University of Minnesota Institutional Review Board, 

school principal, and community center director approved this study with informed 

consent obtained from parents and assent from participants. 

Measures 

The DILQ is a one-day food diary containing questions about daily activities (i.e., 

sports, leisure time) and eating occasions (i.e., breakfast, lunch, dinner, snacks) that occur 

throughout the day in chronological order. Questions about activities are included to 

enhance recall and to mask the intention of measuring fruit and vegetable (FV) intakes. 

Several questions were modified to suit the nomenclature of meal occasions in the U.S. 

(morning break became recess or break). Pictures from the original survey were also 

redesigned. 
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The FVQ includes two questions about usual FV intakes on most days. These two 

questions were modified to ask about intake on most days, where the original questions 

on the Food Behavior Checklist were based on usual intake for one day without 

accompanying illustrations.
104

 The FVQ questions were modified to include measuring 

cup pictures that reflect MyPyramid serving sizes
105

 such as ½ cup of whole strawberries, 

½ cup of sliced apples, ½ cup of diced tomatoes, and ½ cup of green beans with response 

options of 0, 0.5, 1, 1.5, 2, 2.5 or 3 cups. A variety of fruits or vegetables were combined 

in the measuring cup pictures. For instance, ½ cup of strawberries and ½ cup of kiwi 

were in the picture illustrating 1 cup of fruit. The Food Behavior Checklist questions 

about FV were tested in adult women by comparing responses with serum carotenoid 

levels (correlations of 0.31 for fruit intake and 0.33 for vegetable intake).
68

 The Food 

Behavior Checklist questions were modified and tested with children participating in the 

Expanded Food and Nutrition Education Program (8-9 years) for reliability (Cronbach α 

for a FV consumption factor = 0.67).
72 

Construct validity for FV, milk, and healthful 

eating factors was acceptable based on a comparative fit index of 0.962 (<0.95 indicates 

excellent fit). Agreement with a reference method to measure FV intake was not tested. 

In the current validation study, multiple, non-consecutive 24-hour recalls were 

used as the “gold standard” for comparison of FV intakes as assessed with the DILQ (1 

day) and FVQ (2 or 3 days).
77

   

Data collection procedures 

On the morning of the first day, one researcher administered both the DILQ and 

FVQ in the classroom setting to the participants as a group. Each participant also 

completed a 24-hour dietary recall interview later in the day. On two additional days, 
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within a month, two food record-assisted 24-hour recalls were conducted with the same 

participants. One day before the second and third 24-hour recalls, a researcher instructed 

participants to complete a food record in the classroom and reminded them to bring it 

back the next day. About one third (33%) of participants filled out and returned the food 

records for both recalls. Participants were not required to complete a food record prior to 

the first 24-hour recall because participants completed the DILQ and FVQ without 

records. Recalls were conducted to include two-weekday and one-weekend day recalls.  

A standard protocol was developed for administration of the FVQ and DILQ by 

researchers. Researchers helped participants think about their usual intake when 

completing the FVQ by asking if participants usually had FV on most days. Furthermore, 

as the FVQ did not include FV juices, researchers instructed participants to include juice 

as part of their usual intake. When administering the DILQ, researchers prompted 

participants to write down more details about foods, such as “If you had a fast food meal 

(an example restaurant was indicated), what item did you actually eat? Write the names 

of the items.”  

Dietary recall interviews were conducted with each participant by trained 

researchers. Two of the three researchers were Registered Dietitians. One researcher 

certified in Nutrition Data System for Research (NDSR) software program use conducted 

a 9-hour training to familiarize the other two researchers with the interview procedures. 

Two of the three researchers practiced the interview procedures with 10 4
th

 grade students 

(9 or 10 years old) from the same elementary school before study initiation.  
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In a first pass, researchers obtained a quick list of foods consumed, meal names, 

locations, and time of food consumption. Then, the list was reviewed to ensure no foods 

or beverages were omitted. In a second pass, more detailed information was collected, 

such as brand names, cooking methods, forms of foods, and serving sizes. Plastic bowls, 

plastic cups, measuring cups and spoons, and several food models were used to help 

students visualize portion sizes. For some foods, researchers asked children to draw the 

real sizes of food consumed. For the final pass, researchers reviewed all details with 

participants for verification purposes. All intakes were entered into the NDSR 2012 

software program (Nutrition Coordinating Center (NCC), University of Minnesota, 

Minneapolis, MN). Participants were given $10 gift cards as compensation for their 

participation. 

Mixed foods or combination dishes can contain a substantial amount of 

vegetables,
106

  therefore, they were included in vegetable categories when participants 

reported consumption in the DILQ. Two nutrition professors and two nutrition graduate 

students discussed and reached consensus as to which foods should be included in each 

category. For example, spaghetti and pizza were included in the vegetable group. French 

fries and baked products that contained fruits were excluded from the vegetable and fruit 

groups. 

Comparison of fruit and vegetable intakes 

The DILQ provided frequency of intake of food items. Therefore, to compare 

with intake based on 24 hour dietary recalls, frequencies were transformed into cup 

serving sizes using the NCI algorithm that was developed from the Eating at America’s 

Table Study (EATS) according to NHANES 2003-2006 data. 
44

 For 24-hour dietary 
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recalls, data output was in servings according to the Dietary Guidelines for Americans, 

2005.
107

 Therefore, servings from the NDSR reports were divided in half to convert to 

cups for comparison with DILQ and FVQ results. 

Data from participants who had completed only 1 24-hour dietary recall and 

participants whose recalls were deemed to be unreliable based on researchers’ judgment 

were excluded from the analysis. Results from participants who had completed 2 or 3 

days of 24-hour dietary recalls were compared with FVQ results and results from the first 

24 hour dietary recall were compared with DILQ results. Data were first examined with 

descriptive measurements for outliers. After review of NDSR results by two professors 

and one nutrition graduate student, data from participants with fruit or vegetable 

consumption <10 cups were included in data analysis. Some participants only had 1 day 

of 24-hour dietary recall data because they were absent during days when data were 

collected. Researchers discussed recall results for participants where intake seemed 

excessive or unusual (unreliable recalls) and came to a consensus about whether to 

include in the data analysis. These decisions were based on knowledge of typical intake 

by children over specific time periods. 

 Pearson correlation, deattenuated Pearson correlation and Bland-Altman 

analysis were used for comparisons to identify agreement between these measurements. 

Pearson correlation coefficients between 0.10 and 0.30 were considered weak 

relationships; between 0.30 and 0.50 were considered moderate; coefficients >0.5 were 

considered strong correlations.
48

 The deattenuated Pearson correlation adjusted for the 

measurement error in the 24-hour dietary recall.
89

  The deattenuated Pearson correlation 

analysis used the reliability of the 24-hour dietary recall, which was estimated with a 



 

44 

 

linear mixed model.
108

 For Bland-Altman analysis, bias and limit of agreement were 

calculated. Bias is the average of differences between two tools and limit of agreement is 

the variance of the bias. Two instruments are thought to be in agreement when bias is 

equal to zero and the variance of mean values is low or has a narrow limit of agreement.
92

 

Analysis was done using SAS software, Version 9.3 and 9.4 2012 SAS Institute Inc., 

Cary, NC, USA.  
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4. Results  

One-hundred and seven participants were recruited. After excluding data from 

participants (n = 5) with only 1 24-hour dietary recall or recalls judged as unreliable, data 

from 102 participants were included in the analysis. Half of the students were male and 

the other half were female. Among these students, 41 (40%) students were Hispanic, 27 

(26%) were Caucasian, 24 (24%) were African American, 3 (3%) were Asian, 2 (2%) 

were mixed race, and 5 (5%) reported Other as their racial/ethnic group. 

Table 1 indicates the dietary intake of students based on 24-hour dietary recall 

data. On average, mean daily intake for students was 1737 kcal, 243 g carbohydrates, 66 

g protein and 59 g total fat. Intake data for nutrients commonly found in FV are also 

included in table 1.  

Table 2 illustrates mean FV intakes in cups comparing multiple 24-hour dietary 

recall results with FVQ results, and comparing 1
st
 day 24-hour dietary recall results with 

DILQ results. Pearson correlation coefficients, deattenuated Pearson correlation 

coefficients, and bias were also included. Participants overestimated usual FV intake 

using the FVQ compared with 24-hour recall results (fruit: 1.93 vs. 1.05 cups and 

vegetable: 1.62 vs. 0.87 cups). Students also overestimated daily fruit intake using the 

DILQ (1.59 vs. 1.38 cups) but underestimated vegetable intake (0.55 vs. 0.90 cups). Less 

variability was observed in vegetable measurement using the DILQ (0.48) and multiple 

24-hour dietary recalls (0.68). All agreements (Pearson correlation coefficients) between 

the measurements ranged from 0.11 to 0.23. However, agreement increased when 

deattenuation was applied. Deattenuated Pearson correlation coefficients ranged from 

0.38 to 0.58.  
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The Bland-Altman analysis was conducted to acquire bias and limit of agreement 

between each tool. Students overestimated fruit intake by 0.24 cup and underestimated 

vegetable intake by 0.37 cup using the DILQ versus the first day 24-hour dietary recall. 

For the FVQ, students overestimated FV intake by 0.24 cup and 0.79 cup, respectively 

versus the multiple 24-hour dietary recalls. The widest limit of agreement or widest 

spread of differences between two instruments ranged from -3.00 cup to 3.40 cup when 

the DILQ was used to measure fruit intake. The widest spread of differences for other 

comparisons is also shown in Figures 1 to 4. Because the FVQ responses are categorical, 

the differences between continuous variables (24-hour dietary recall) and categorical 

variables (FVQ) tend to produce diagonal lines in Figure 1 and 2. In addition, because 

many students did not report consuming any vegetable item using the DILQ, and reported 

some vegetable intake via the 24-hour dietary recalls, the differences resulted in the 

diagonal line observed in Figure 3.
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Table 1. Mean energy and nutrients intakes for 3
rd

 grade participants via 24-hour dietary 

recalls (n = 102). 

Energy and nutrients Mean (±SD)  

Energy (kcal) 1737±601  

Carbohydrate (g) 243±84  

Protein (g) 66±22  

Total Fat (g) 59±28  

Vitamin C (mcg) 91±56  

Total Vitamin A Activity (IU) 5157±4759  

Beta-Carotene equivalents (mcg) 2103±2749  

Lycopene (mcg) 5731±6508  

Total Folate (mcg) 39±177  

Total Dietary Fiber (g) 15.3±6.9  

Soluble Dietary Fiber (g) 4.5±1.8  

Insoluble Dietary Fiber (g) 10.5±5.4  

Potassium (mg) 2302±769  
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Table 2. Fruit and vegetable intakes (mean cups/day ± SD) and agreement between 

multiple 24-hour dietary recalls and the FVQ, 1st day 24-hr dietary recall and DILQ with 

Pearson correlation coefficients and bias (n = 100) 

 

Food 

groups 

Measures n Intakes 

(+SD) 

p-value
b 

Pears

on 

correl

at-ion 

Deatt

enuat

ed 

corre

lation 

Bias
c
  

(Limit of 

agreemen

t
d
) 

 

Fruit 24-hr dietary 

recalls
a
  

102 1.05 

(0.76) 

<.0001 0.23 0.54 0.87 

(-1.30 - 

+3.10) 

 FVQ 104 1.93 

(0.92) 

 1
st
 day 24-hr 

dietary recall  

100 1.38 

(1.29) 

0.1435 0.16 0.38 0.24 

(-3.00 - 

+3.40) 
 DILQ 107 1.59 

(1.15) 

Vegetable 24-hr dietary 

recalls 

102 0.87
a
 

(0.68) 

<.0001 0.17 0.58 0.79 

(-1.20 - 

+2.80) 

 FVQ 105 1.62 

(0.84) 

    

 1
ST

day 24-hr 

dietary recall 

100 0.90 

(1.26) 

0.0061 0.11 0.38 -0.37 

(-3.00 - 

+2.20)  DILQ 107 0.55 

(0.48) 

a
Mean intakes of 2 or 3 days measured by 24-hour dietary recalls. 

b
p-value indicates the significance level of differences intakes between measures.  

c
Bias is the average of differences between measures (Difference = FVQ - 24 hour 

dietary recall or DILQ - 1
st 

day 24-hour dietary recall). 
d
Limit of agreement = (Bias ± 1.96 SD) 
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Figure 1. Agreement in fruit intake (Bland-Altman plots) assessed by the FVQ and 

multiple 24-hour dietary recalls (n = 100).
ab 

 

a
The upper and lower line (dashed line) indicates limits of agreement within ± 2 SD. The 

middle solid line indicates 0 difference. The bias line (dotted line) is the average of the 

differences between the two instruments.  
b
Difference  =  FVQ – multiple 24-hour recalls. Average = ½ (FVQ + average of multiple 

24-hour recalls) 
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Figure 2. Agreement in vegetable intake (Bland-Altman plots) assessed by the FVQ and 

multiple 24-hour dietary recalls (n = 100).
ab

 

 

a
The upper and lower line (dashed line) indicates limits of agreement within ± 2 SD. The 

middle solid line indicates 0 difference. The bias line (dotted line) is the average of the 

differences between the two instruments.  
b
Difference  =  FVQ – multiple 24-hour recalls. Average = ½ (FVQ + average of multiple 

24-hour recalls 
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Figure 3. Agreement in fruit intake (Bland-Altman plots) assessed by the DILQ and 1
st
 

day 24-hour dietary recall (n = 99).
ab 

 
a
The upper and lower line (dashed line) indicates limits of agreement within ± 2 SD. The 

middle solid line indicates 0 difference. The bias line (dotted line) is the average of the 

differences between the two instruments.  
b
Difference  =  FVQ – multiple 24-hour recalls. Average = ½ (FVQ + average of multiple 

24-hour recalls 
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Figure 4. Agreement in vegetable intake (Bland-Altman plots) assessed by the DILQ and 

1
st
 day 24-hour dietary recall (n = 99).

ab
 

 
a
The upper and lower line (dashed line) indicates limits of agreement within ± 2 SD. The 

middle solid line indicates 0 difference. The bias line (dotted line) is the average of the 

differences between the two instruments.  
b
Difference = FVQ – multiple 24-hour recalls. Average = ½ (FVQ + average of multiple 

24-hour recalls 
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5. Discussion 

Based on the weak correlation coefficients and lack of agreement indicated by the 

Bland-Altman analysis, the results of the current study suggest that neither the DILQ nor 

the FVQ performed well against 24-hour dietary recalls in assessment of FV intake by 3
rd

 

graders. Agreements based on Pearson correlations were low in all categories except for 

vegetable agreement for the 24-hour dietary recall versus the DILQ (r=0.35).
48

 However, 

agreement increased when deattenuation was applied. The deattenuated correlation 

coefficient between the FVQ and repeated 24-hour dietary recalls for FV intake were 

0.54 and 0.58 which indicates strong agreement. Yet, the low reliability of repeated 

measures in 24-hour dietary recalls for vegetable consumption resulted in an inflated 

deattenuated correlation coefficient, a limitation of calculating deattenuated Pearson 

correlation coefficients.
109

  Although the deattenuated Pearson correlation coefficient was 

higher for the FVQ compared with the DILQ, especially for vegetables, neither 

instrument should be considered suitable for assessment of FV intake among 3
rd

 graders. 

 Researchers have evaluated validity evidence for the DILQ among children from 

7 to 11 years on a limited basis for assessment of FV intakes. The percentage match 

between combined FV intake measured by the DILQ and observation was 68.5% to 74% 

for two different elementary schools, respectively, and the kappa value ranged from 0.54 

to 0.58, respectively.
82

 Moore and colleagues provided evidence of validity for the DILQ 

by comparing FV intake results with 24-hour dietary recalls with children aged 9 to 11 

years. Spearman’s rank correlation for FV intake was 0.39 and 0.41, respectively, for the 

whole day excluding breakfast.
84

 Wallen and colleagues compared the DILQ results for 
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FV intake against plate waste at school lunch. The kappa value for FV intake was 0.54 

and 0.58, respectively. Wallen et al. modified the DILQ to include reports of portion 

sizes. They further compared DILQ portion size responses and plate waste measurements 

which resulted in a Spearman correlation coefficient of 0.57 for fruit intake.
83

 They found 

a correlation of 0.32 for vegetable
83

 intake which was similar to the results of the current 

study. All studies except Wallen et al. have higher correlations than what was observed in 

the current study.
83

 This may be attributed to the fact that the comparison in the current 

study was for a whole day instead of just school lunch or a partial day. Furthermore, the 

previous validation studies only included whole FV; whereas mixed dishes that contained 

vegetables were included in the analysis for the current study. Agreement could have 

been affected by the transformation of frequency of intake from the DILQ using the 

algorithm to obtain portion sizes consumed. This may indicate that the DILQ should only 

be used to indicate the number of whole FV consumed and not to convert these data to 

portion sizes. 

 Other validation studies conducted among young children found low correlations 

between FFQs and reference tools. Domel and colleagues determined validity evidence 

for a 45-item FV FFQ among 4
th

 and 5
th

 grade children (9-11 years) that was developed 

based on the Willett FFQ.
110

 Spearman’s correlation coefficients observed between a 

food record and FV FFQ were from -0.04 to 0.21 in a month and -0.01 to 0.25 in a 

week.
111

 Another 7-item FV FFQ’s evidence of validity was evaluated among third grade 

students by comparing results to those obtained from food records.
63

 The Pearson 

correlation coefficients for FV intakes were 0.139 and 0.157
63

 similar to the findings in 
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the current study. However, when a Block FFQ was compared against 3 24-hour dietary 

recalls among older children (10-17 years), no systematic differences were observed for 

vegetable consumption and good agreement was observed for fruit intakes when 

examined with Bland-Altman analysis.
62

 The current study found systematic differences 

and a large variance in mean intakes between FVQ and 24-hour dietary recalls results 

which indicate that results from both tools do not agree well with each other. Agreement 

may differ between studies based on age of children and their ability to perform better 

when completing FFQs. 

On average, participants reported consuming lower energy, lower amounts of 

carbohydrate and total fat and higher amounts of vitamin C, beta-carotene, lycopene, total 

fiber, and potassium compared with NHANES data 2009-2010.
112

  Total energy intake 

was lower than the national average which is between 1863-2076 kcal.
112

 This may 

indicate participants in this sample consumed more FV compared with the national 

sample. However, data from multiple 24-hour dietary recalls showed that students 

reported eating similar amounts of fruit (1.05 vs. 0.99 cups) but lower amounts of 

vegetables (0.86 vs. 0.98 cup) compared with NHANES 1999 to 2002.
2
 The 

discrepancies between these studies may be caused by children’s inability to recall 

dietary intake accurately or inability to estimate portion sizes correctly.
36

   

Limitations 

Although the results of the current study showed that the DILQ and the FVQ are 

not appropriate methods to evaluate FV consumption, these results are not generalizable 

beyond a low income, urban population of 8 to 9 year old children. The sample in the 
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current study had a large number of Hispanic students (40%). The ability of the 

assessment tools to accurately assess FV intakes when used in a different setting with 

older children is unknown. Older children may have better memory skills and be able to 

better recall intake using the same tool. Furthermore, using self-report measurement tools 

(24-hour dietary recall) as the benchmark for other self-report measurement tools may not 

be the optimum method to evaluate validity. Although Lytle and colleagues have 

accumulated validity evidence for 24-hour dietary recalls among 3
rd

 grade students in 

terms of nutrient intakes, students were not able to report accurate portion sizes.
77

 This 

may affect the correlation coefficients between measurements. In addition, a value for the 

reliability of multiple 24-hour dietary recalls needs to be determined in order to calculate 

deattenuated Pearson correlation coefficients. In the current study, the same value for 

reliability was used to calculate deattenuated Pearson correlation coefficients between 24-

hour dietary recalls and DILQ and FVQ results, even though the DILQ was only based on 

a 1-day diet record. This could be a limitation in the current study. 

 The DILQ and FVQ are not suitable assessment tools to evaluate FV consumption 

in the 3
rd

 grade children from this sample. This finding is based on a small sample of low-

income young children in an urban setting. More research is needed to identify strong 

evidence of validity for brief FV assessment instruments appropriate for use with young 

children. 
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6. Implications for Future Research and Application 

 Although the FVQ and DILQ are easy to administer to assess FV intakes, 

researchers or practitioners should be cautioned to limit use of the FVQ and DILQ to 

assess FV intakes of elementary students as young as 8 years. The DILQ may be useful 

under certain restrictions, such as estimating intakes of whole fruits, vegetables, and 

100% fruit juices by tallying the number consumed.
82

 The FVQ and DILQ need to be 

further tested with older children to determine convergent validity. Older children may 

have more mature cognitive skills to think in abstract terms and may better remember 

what they ate, thus yielding better agreement between FVQ, DILQ and 24-hour dietary 

recalls.  

To assess typical FV intake, assessment tools that require parental assistance can 

be considered. For instance, the Child and Diet Evaluation (CADET) tool included a 24-

hour tick list questionnaire which was used in England to assess dietary intake of children 

(3-7 years). Parents filled out the portion of questions when children ate with their 

parents. The findings suggested CADET has higher convergent validity (agreement with 

reference dietary instruments) than most FFQs.
47

 Therefore, this tool can be used to 

assess dietary intake of elementary school children when administered in a group setting. 

A validation study should be conducted before implementation in the U.S. to ensure that 

CADET has validity evidence when used with children in the U.S.  

Another possible child-friendly tool is the Internet-based Automated self-

administered 24-hour dietary recall (ASA24) created by the NCI of the U.S.
113

 

Researchers tested the ASA 24 in children aged 8 to 13 and found students aged 8 had the 
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lowest percentage of food matches at the food level (identifying the same foods in both 

ASA 24 and NDSR) and category level (identifying foods in the same category), and had 

the highest percentage of food omitted when compared with NDSR 24-hour dietary 

recalls.
114

 However, the ASA 24 is still being tested and requires modification to enhance 

its readability and validity among younger children. This may be a good tool to assess FV 

intake given that students have Internet and computer resources at school. 

Given the difficulty children have accurately recalling dietary intake, very few 

dietary assessment instruments with strong validity evidence exist for children, especially 

those 8 years of age or younger. Although information about preschooler’s diets can be 

obtained by surrogates such as parents, surrogates may not always know what school-

aged children eat or drink from school meals.
5
 Instead, school food service personnel or 

teachers who are with children during school lunch may act as surrogates and observe 

children’s dietary intake. More research is needed to incorporate observational data from 

teachers and school food service personnel. 

Future studies should focus on several additional areas. A representative sample 

from the state of Minnesota or the U.S. should be included in a validation study in order 

to make the results generalizable. The FVQ and DILQ should be tested with older 

children to determine their evidence of validity. Unfortunately, assessing evidence of 

validity using self-report instruments against other self-report instruments may not be 

ideal. Using observation as a standard to test these tools may be a better option. 
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7. Conclusion 

In conclusion, the FVQ and DILQ are not suitable to assess young children’s FV 

intake. Other tools should be considered to evaluate FV intake and more research is 

needed to determine convergent validity of these instruments.  
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