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Só quando, em vez de criar, seca. 

 

O mais do que isto 

É Jesus Cristo, 

Que não sabia nada de finanças 
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Preface 

 

“There can be no keener revelation of a society’s soul than the way in which it treats its 

children”, Nelson Mandela  

 

Since I was young, I dreamed of working with and for children. I spent the best part of 

my childhood studying, reading and playing as a doctor, a teacher and a mother. I 

always knew what made me happy and I have been working ever since to achieve my 

goals. 

 

I started my undergraduate degree in Dietetics and Nutrition in 2004. In 2007, I did a 

nutrition training at the National Directorate of Public Health of Angola where I 

collaborated on two different projects: 1) Management of childhood malnutrition and 2) 

Baby Friendly Hospital Initiative, both of UNICEF. This experience strengthened my 

will to study, work and research in the field of childhood nutrition in order to be able to 

contribute, in some way, to the improvement of children’s quality of life. 

 

In 2008, I enrolled in the Doctoral Programme in Metabolic Disorders and Eating 

Behaviour at the Faculty of Medicine, University of Lisbon. At the same time, I started 

to work on some community projects whose main purpose was to tackle childhood 

obesity, namely the Childhood Obesity Surveillance Initiative-Portugal (COSI-

Portugal), Project Obesity Zero (POZ) and MUN-SI Project. I had the great honour and 

opportunity to work in one of the most prestigious nutrition teams in Portugal who 

encouraged the development of my PhD.  

 

One of the most difficult and challenging parts of these projects was related to the 

assessment of dietary intake in children. The measurement of energy and nutrients is 

challenging because of many unique respondent and observer considerations. 

Furthermore, accurate dietary assessment is critical for monitoring the nutritional status 

of children and for measuring the impact of dietary interventions. 

 

This thesis describes the development, validation and pilot study of a new web-based 

recall for dietary assessment in Portuguese school-age children: the Portuguese self-

administered computerised 24-hour Dietary Recall (PAC24). The present thesis has six 



x 

chapters. Chapter 1 presents a literature review about childhood nutrition and health, 

food consumption, the assessment of dietary intake and the application of new 

technologies in nutritional epidemiology. Chapter 2 describes the methodology used in 

the development of this work. Chapters 3, 4 and 5 present the development, validation 

and pilot study of PAC24, respectively. Finally, Chapter 6 discusses the development of 

PAC24, reviews its strengths and limitations and attempts to anticipate the direction of 

future research. 

 

It is my hope that the readers and experts in this area find this thesis useful for their 

practices. Moreover, I am confident that PAC24 will start to be used to monitor the 

dietary intake of Portuguese school-age children and that this will provide the basis for 

epidemiological studies on the links between nutrition and health, which in turn will 

contribute to the improvement of public health policies and the design of national health 

programmes. 

 

Maria Ana Silva Carvalho 

Lisbon, Portugal. 

September 2015 
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Resumo 

 

A avaliação do consumo alimentar infantil é crucial para monitorizar o estado 

nutricional das crianças, explorar a relação entre a alimentação e o estado de saúde das 

populações em idade pediátrica, bem como identificar padrões e comportamentos 

alimentares nesta faixa etária. Esta avaliação levanta questões metodológicas  referentes 

à validade e fiabilidade dos dados obtidos. O questionário às últimas 24-horas (Q24-h) 

representa um dos métodos, de avaliação do consumo alimentar, mais exatos para 

estimar o valor energético e nutricional em crianças e adolescentes. Contudo, o Q24-h é 

dispendioso e financeiramente inviável para estudos epidemiológicos em larga-escala. A 

utilização da tecnologia está a ser realizada em vários países do mundo, com o intuito de 

automatizar o Q24-h, tornando-o menos oneroso e de mais fácil e rápida utilização. O 

objetivo deste estudo é desenvolver, validar e ensaiar um novo questionário online para 

avaliar o consumo alimentar em crianças Portuguesas em idade escolar: o Portuguese 

self-administered computerised 24-hour Dietary Recall (PAC24). 

O PAC24 é uma adaptação online do Q24-h desenhado para ser autoadministrado em 

crianças Portuguesas do segundo, terceiro ou quarto ano do 1º ciclo do ensino básico (7-

10 anos de idade). As crianças são inicialmente inquiridas sobre o consumo de 

alimentos e bebidas realizado no dia anterior. A pesquisa de alimentos é feita através da 

inserção livre de texto em campos próprios, com um sistema de reconhecimento 

automático de erros ortográficos. Para a maioria dos alimentos, a quantidade consumida 

pela criança é estimada através da seleção da imagem da porção alimentar, servida e 

deixada no prato, representada em sete imagens digitais correspondentes a sete porções 

diferentes. A informação sobre a hora, o local, bem como a utilização de televisão e 

computador é atribuída para cada uma das refeições. O código e o peso (g ou mL) de 

cada alimento selecionado é atribuído para cada item alimentar. A base de dados 

disponível contém 380 alimentos. A informação sobre os alimentos e o respetivo valor 

energético e nutricional está ligada a uma base de dados que contém essencialmente 

informação da Tabela da Composição dos Alimentos consumidos em Portugal. 

O desenvolvimento do PAC24 foi baseado numa revisão da literatura, em 21 sessões de 

Focus Groups (FG) conduzidas em sete escolas do 1º ciclo do ensino básico, localizadas 

nas sete regiões de Portugal, e a partir do contributo de investigadores, nacionais e 

internacionais, com experiência reconhecida em metodologias de avaliação do consumo 

alimentar infantil. O primeiro protótipo do PAC24 foi testado e o seu conteúdo validado 
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por um painel de peritos. A exatidão do PAC24 foi estudada através da sua comparação 

com a observação do almoço escolar  consumido pelas crianças (‘gold standard’) de 

duas escolas básicas da região de Lisboa e Vale do Tejo (LVT). Foi conduzido um 

estudo piloto para testar a exequibilidade do PAC24 no que respeita aos procedimentos, 

métodos e processamento dos dados. O estudo piloto foi conduzido numa escola básica 

na região de LVT em dois dias não consecutivos com 15 dias de intervalo. O consumo 

alimentar, em particular a ingestão energética e nutricional (proteína, gordura total, 

hidratos de carbono, fibra, cálcio, sódio e potássio) foi estudado. O teste de Wilcoxon 

foi utilizado para comparar o consumo alimentar entre o primeiro e o segundo momento 

de avaliação. O valor de p<0.05 foi considerado estatisticamente significativo.   

Participaram 204 crianças nas sessões de FG, tendo sido identificados 3959 itens 

alimentares. A forma como as crianças reportaram o consumo alimentar do dia anterior 

foi demonstrada: a maioria das crianças reportou o consumo de alimentos de forma 

cronológica, organizado pelas três refeições principais; os snacks e alguns alimentos, 

como os doces, foram apenas reportados após questões específicas; nem todas as 

crianças reportaram o consumo alimentar de forma bem sucedida. Por último, foram 

identificados diferentes significados e formas de denominar os alimentos com 

especificidade regional. Estes resultados foram tidos em conta no desenvolvimento do 

PAC24. No teste de usabilidade (n=12), verificou-se que o PAC24 é um questionário 

atrativo para as crianças em idade escolar e consequentemente capaz de captar a atenção 

das crianças aquando o seu preenchimento. Foram ainda verificados alguns problemas 

técnicos que foram simplificados e modificados previamente ao estudo de validação. A 

comparação do PAC24 com a observação do almoço escolar (n=41 crianças) resultou, 

ao nível dos alimentos, em 67.0% de matches (alimentos/bebidas reportados no PAC24 

e na observação do almoço escolar), 11.5% de intrusions (alimentos/bebidas reportados 

no PAC24 mas não na observação do almoço escolar) e 21.5% de omissions 

(alimentos/bebidas reportados na observação do almoço escolar mas não no PAC24). A 

utilização do PAC24 levou à subestimação do peso dos alimentos, em média, em 32%. 

Os resultados provenientes do estudo piloto demonstraram que as crianças (n=48)  

demoraram em média 27 minutos para completar o PAC24. A ingestão média de 

energia foi de 1799 kcal e a de proteína, gordura total e hidratos de carbono (em termos 

percentuais do valor energético total) foi de 17.2%, 29.0% e 47.8%, respetivamente. 

Não foram encontradas diferenças estatisticamente significativas entre o consumo 

alimentar no primeiro e segundo momento de avaliação (p>0.05). 
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Em suma, o PAC24 é custo-efetivo, intuitivo e atrativo para as crianças Portuguesas em 

idade escolar. O PAC24 pode ser utilizado para estimar, de forma válida, o consumo 

alimentar em grupo, em particular a ingestão energética e nutricional. Esta informação é 

crucial para o desenho e a implementação de estudos epidemiológicos que visem o 

estudo da relação entre a alimentação e a saúde das crianças, bem como de políticas de 

saúde ao nível nacional.  

 

Palavras Chave: crianças, avaliação do consumo alimentar, questionário às últimas 24 

horas, tecnologia, validade. 
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Abstract 

  

Accurate dietary assessment is critical for monitoring the nutritional status of children, 

examining associations between diet and health, and identifying dietary intake patterns 

and eating behaviours. The study of diets of children poses methodological problems 

relating to the accuracy of assessment. The 24-hour Dietary Recall (24-h DR) is among 

the most accurate methods to estimate total energy and nutrient intakes in school-age 

children. Traditional 24-h DR is expensive and impractical for large-scale studies. The 

application of technology to automate the more accurate 24-h DR is being conducted in 

multiple countries across the world, making them less expensive and easier to use. The 

objective of this study is to develop, validate and test a new web-based recall for dietary 

assessment in Portuguese school-age children: the Portuguese self-administered 

computerised 24-h DR (PAC24). 

The PAC24 is a self-administered web-based 24-h DR based on multiple pass method 

directed to second-, third- or fourth-grade Portuguese children (7-10 years old). In 

PAC24, children are first questioned about food and drink consumption on the previous 

day. Food entry is done via free text search, supported by a spell check application. For 

the majority of foods, amount consumed is estimated by selecting the closest portion 

size, served and leftover, if any, among seven different digital images. Data about time, 

place, television watching and computer use are assigned to each eating occasion. The 

food composition code and weight (g or mL) of selected items are automatically 

allocated and stored. A database of 380 food items is available. Food, energy and 

nutrient information is linked to a database that contains essentially information about 

Portuguese food composition table. 

The development of PAC24 was based on literature review, 21 focus groups (FG) 

developed in seven primary schools of the seven main regions of Portugal and input 

from national and international researchers with experience in computer-dietary 

assessment among children. A prototype of PAC24 was tested and its content was 

validated through an expert meeting. Accuracy was determined by comparison of 

PAC24 with lunch observations (‘gold standard’) in two schools in Lisbon and Tagus 

Valley (LTV) region. A pilot study was conducted to check the feasibility of PAC24 

with respect to procedures, methods and data processing in one primary school in LTV 

region on two non-consecutive days with 15 days apart. The food consumption, 

particularly total energy and nutrient (protein, total fat, carbohydrate, fibre, calcium, 
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sodium, potassium) intakes were studied. Wilcoxon signed-rank tests were used to 

compare the food consumption between the first and second measurement occasion. A 

p-value <0.05 level was considered as statistically significant.  

Two hundred and four children participated in the FG, where 3959 food items were 

identified. The main ways in which children report their previous day’s food 

consumption were revealed: they generally reported foods chronologically organized by 

the three main meals; snacks and some foods like sweets were only reported after 

specific prompts; not all children were able to report foods successfully. Finally, 

different meanings and labelling of some specific food items were identified and taken 

into account in the development of PAC24. In the usability test (n=12), it was shown 

that PAC24 is engaging for school-age children and therefore captures and maintains 

their attention while completing the questionnaire. This study also identified some 

technical problems that were simplified and modified before the validation study. 

Comparison of PAC24 against observations (n=41 children) at the food level resulted in 

67.0% for matches (foods/drinks reported in PAC24 and by observers), 11.5% for 

intrusions (foods/drinks reported in PAC24 but not by the observers) and 21.5% for 

omissions (foods/drinks reported by the observers but not in PAC24). Use of the PAC24 

led to underestimates of the weight of food on average by 32% of the actual intake. 

Children took on average 27 minutes to complete PAC24 on pilot study (n=48 

children). Mean energy intake per day was 1799 kcal. Mean protein, carbohydrate and 

total fat intakes (as a percentage of energy intake) were 17.2%, 47.8% and 29.0%, 

respectively. Significant differences were not observed on food consumption between 

the first and second measurement occasion (p>0.05). 

In summary, PAC24 is a cost-effective, intuitive and an engaging method for 

Portuguese school-age children. The PAC24 could be used to estimate dietary intake on 

a group level, accurately. This method will provide useful information for 

epidemiological studies on the links between diet and health and contribute to the 

improvement of public health policies at national level. 

 

Keywords: accuracy, children, dietary assessment, technology, 24-h dietary recall. 
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1. General Introduction 

 

In the light of the growing awareness of the possible connection between the diets of 

children and adolescents and diseases of adulthood, the diets of young people have 

recently received increased attention. Cardiovascular diseases, cancer, and obesity are 

among the diseases that have been suggested to have their origin in childhood eating 

habits.  

 

Increases in obesity prevalence over the last few decades have been dramatic in all age 

groups. The emergence of childhood obesity as a serious public health problem 

underscores the need for dietary assessment tools that are not only valid and reliable but 

also feasible to administer across multiple settings and age ranges and with diverse 

populations.  

 

Accurate dietary assessment is critical for monitoring the nutritional status of children, 

examining associations between diet and health, and identifying dietary intake patterns 

and eating behaviours that are associated with unhealthy weight and weight gain over 

time. Such information is critical for developing intervention messages and behavioural 

targets for obesity prevention and treatment programmes and for evaluating their 

effectiveness.  

 

The study of diets of children poses methodological problems relating to the accuracy of 

assessment. Dietary studies in children have an additional dimension of difficulty 

because children’s cognitive ability to record or remember their diets as well as their 

limited knowledge of food and food preparation must be addressed. The use of a 

computerised 24-hour dietary recall has the potential not only to engage the user and 

make the task less onerous but also to reduce the amount of researcher time required. It 

also helps to improve the consistency of coding and reduce the potential for data entry 

errors. 

 

1.1 Childhood nutrition & health 

 

Non-communicable diseases (NCDs) are increasing in prevalence across the globe and 

are the biggest cause of death worldwide. More than 36 million people died from NCDs 
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in 2008, mainly cardiovascular diseases (48%), cancers (21%), chronic respiratory 

diseases (12%) and diabetes (3%) (1). In 2002, 1.2 million children and youth under age 

20 died of NCDs (2).  

 

The role of early nutrition in regulating the expression of later NCDs has been receiving 

an increase of attention in the last decades (3). Barker (4,5) carried out a landmark study 

where he demonstrated inverse associations between birth weight and the risk of the 

metabolic syndrome, cardiovascular diseases, stroke, hypertension and type 2 diabetes 

across the entire range of birth weight. The whole phenomenon is known as ‘nutritional 

programming’. This definition implies that certain nutrients if exquisitely timed during 

sensitive periods may determine an endocrine-metabolic asset leading to permanent 

changes whose clinical expression might take place several decades later. However, 

most studies have limited validity because of their cross-sectional or retrospective 

design (6) and more research in this area is needed.  

 

Unhealthy diet, particularly the excessive intake of energy, saturated fats and trans fats, 

free sugars and salt, as well as low consumption of fruit and vegetables, and physical 

inactivity is recognized by WHO’s Global Strategy for the Prevention and Control of 

Noncommunicable Diseases as the main risk factors for NCDs (8), is addressed more 

specifically by WHO’s Global Strategy on Diet, Physical Activity and Health (9) and is 

also acknowledged in the Vienna Declaration on Nutrition and Noncommunicable 

Diseases in the Context of Health 2020 (10). The diets people eat define to a large 

extent people’s health, growth and development (11) and a Mediterranean-like dietary 

pattern, rich in cereals, vegetables, fruit, nuts, fish and low in meat and dairy products, 

is inversely associated with obesity in children. However, this dietary pattern is not 

common in children living in the Mediterranean region (12). 

 

Childhood obesity is a major risk factor for NCDs and its prevalence has increased 

substantially, although the rise in obesity prevalence in several high-income countries 

might be reaching a plateau (13). Globally, an estimated 170 million children and 

adolescents are overweight (14). The prevalence of overweight (including obesity) 

among 6-9 years old children in the European Region was between 19.3-49.0% in boys 

and 18.4-42.5% in girls in 2008 (15), and was between 18.0-57.2% in boys and 18.2-

50.0% in girls in 2010 (16). Rates were higher among children in southern Europe 
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(15,16). Portugal is one of the European countries with the highest prevalence of 

childhood obesity: 37.9% of school-age children are overweight (17).  

 

Childhood obesity is a complex disorder that is affected by many interacting genetic and 

non-genetic factors (18) and can cause social, psychological and health problems, and is 

linked to obesity later in life and poor health outcomes as an adult (19,20). Much 

research has been developed to finding successful interventions that can prevent obesity 

in children. In a recent series about childhood obesity published in The Lancet, Lobstein 

et al (13) said that “A PubMed search showed that the number of published papers on 

child obesity prevention rose from about 20 per year in the late 1980s, to 60 per year in 

the late 1990s, and to more than 1000 in 2013 alone” emphasizing the extensive 

research that has been conducted on childhood obesity prevention.  

 

It has been proposed that breastfeeding promotion might be an effective way to prevent 

the development of obesity (21,22). World Health Organization (WHO) recommends 

initiation of breastfeeding within 1 hour of birth, exclusive breastfeeding of infants till 6 

months of age, and continued breastfeeding until 2 years of age or older (23,24). 

However, global progress on this intervention is both uneven and suboptimum (25). 

Data from WHO European Member States demonstrated that exclusive breastfeeding 

rates declined after 4 months and at 6 months there a minimum and a maximum of 1-

49% of infants being exclusively breastfed (26). Particularly in Portugal, this prevalence 

is low: only 18.9% of mothers breastfed their children exclusively until 6 months (27).  

 

Furthermore, some evidence suggests that very early introduction of complementary 

feeding (at or before 4 months), rather than at 4–6 months or >6 months, may increase 

the risk of childhood overweight (28). High intake of energy and protein, particularly 

dairy protein, in infancy could be also associated with an increase in body mass index 

(BMI) and body fatness, but further research in this field is needed (29).  

 

The most effective, sustainable and beneficial effect on obesity prevention involves 

multiple strategies that focus on meals, classroom activities and involve home, school 

and the whole community (30–34). The Commission on Ending Childhood Obesity 

highlights in the Interim Report of the Commission on Ending Childhood Obesity (34) 

the need for a multisectorial holistic approach to prevent and treat childhood obesity, 
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which include the following strategic objectives: 1) tackle the obesogenic environment 

and norms (decrease intake of unhealthy foods and non-alcoholic beverages and also 

decrease sedentary behaviour and promote healthy living through physical activity); 2) 

ensure the risk of obesity is reduced by addressing critical elements in the life-course 

(preconception and pregnancy, infant and young child, and school-age child and 

adolescent); 3) treat children already affected by obesity to improve their current and 

future health. Interventions for children who are overweight or obese should ensure 

lifestyle changes within family and in social settings, encouraging parents or carers to 

take the main responsibility, especially if they are younger than 12 years old (35). 

 

The emergence of childhood obesity underscores the need for dietary assessment tools 

that are not only valid and reliable but also feasible to administer across multiple 

settings and age ranges and with diverse populations in order to evaluate dietary intake 

in children and also the effectiveness of childhood obesity interventions (36). Accurate 

descriptions of dietary intake among school-age children are critical for monitoring the 

nutritional status of children; examining associations between diet and health; 

identifying biological, environmental and psychosocial factors influencing dietary 

intake, which could be targeted for change; assessing changes over time in diet; 

evaluating the outcome of dietary intervention (37). 

 

1.2 Food consumption 

 

Food consumption data reflects what individuals or groups consume in terms of solid 

foods, beverages, including drinking water, and supplements. Food consumption can be 

estimated through food consumption surveys at household level (household budget 

surveys), approximated through food supply (food balance sheets) or at individual level 

(individual dietary surveys).  

 

Household budget surveys (HBS) and food balance sheets provide gross annual 

estimates of the type and the amount of food available for human consumption within a 

household or country and can be used to derive a gross estimate of average per capita 

food consumption with no indication of the distribution of consumption in the 

population (38).  
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HBS collect data on food availability at household level. The members of the 

participating households are asked to record mainly in open questionnaires all food 

purchases, contributions from the household’s own production and the food items 

offered to members as gifts. Food availability per person per day was calculated by 

dividing the household availability by the product of the referent time period and the 

mean household size. Individual availability was estimated without making allowances 

for the proportion of food that was edible and under assumption of equal distribution of 

food within the household and during the survey period. They are conducted in all 

European Union (EU) Member States and their primary aim (especially at national 

level) is to calculate weights for the Consumer Price Index. Food consumed out of 

home, food losses and waste, food given to pets, meals offered to guests are not 

considered in HBS. Data Food Networking exploits food and socio-demographic data 

collected in the HBS, aiming at the development of a cost-effective food databank that 

allows monitoring of food availability both within and between European populations 

(39).  

 

Food balance sheets present a comprehensive picture of the pattern of a country's food 

supply during a specified reference period of time. The food balance sheets show for 

each food item the sources of supply and its utilization. The per caput supply of each 

such food item available for human consumption is obtained by dividing the respective 

quantity by the related data on the population actually partaking of it. Data on per caput 

food supplies are expressed in terms of quantity and also in terms of energy, protein and 

fat (40). 

 

Individual dietary surveys are the only surveys that provide information on the 

distribution of food consumption in well-defined groups of individuals and are therefore 

preferred for the assessment of dietary intake. Data from individual dietary surveys are 

also understood to more closely reflect actual consumption and possibly identifying 

sub-groups at nutritional risk. Numerous dietary surveys assessing nutrient intake have 

been conducted across the world at both national and local level, particularly in 

children.  

 

Before analysing the data on individual dietary surveys in children, the dietary 

recommendations for children will be presented. 
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1.2.1 Which are the dietary recommendations for children? 

 

The Institute Of Medicine’s (IOM) Food and Nutrition Board released the Dietary 

Reference Intakes (DRIs) for energy, carbohydrate, including added sugars, fat, protein 

and fibre in 2002 (41); for water, potassium, sodium, chloride and sulphate in 2005 

(42); for calcium and vitamin D in 2011 (43). Food and Agriculture Organization 

(FAO) and WHO had also released recommendations about energy requirements in 

2001 (44); energy-supplying macronutrients in 2003 (11) and 2010 (45); sodium (46) 

and potassium (47) in 2012; sugars in 2015 (48). DRIs and nutrient intake goals are 

summarized in Table 1-1. 

 

Energy intake is the sum of essential calories, the total energy intake necessary to meet 

recommended nutrient intakes, and discretionary calories, the additional calories 

necessary to meet energy demand and for normal growth. IOM calorie estimates are 

based on a sedentary lifestyle. More physically active children will require additional 

calories. Discretionary calories increase with age and increasing levels of physical 

activity. There is a large difference in the discretionary calorie allowance among 

sedentary, moderately active, and active children, with more physically active children 

needing more energy from foods to maintain normal growth: 163-173 kcal for 4-8 years 

children and 181-190 kcal for 9-13 years children (49). 

 

Total water consumption is essential for the metabolism and for normal physiological 

functions and the recommendations for its intake are: 1.7 L per day for 4-8 years 

children (this includes approximately 1.2 L as total beverages, including drinking 

water), 2.1 L per day for 9-13 years girls (this includes approximately 1.6 L as total 

beverages, including drinking water) and 2.4 L for 9-13 years boys (this includes 

approximately 1.8 L as total beverages, including drinking water) (42). Furthermore, 

fruit and vegetables intake should be equal or higher than 400 g per day (11).  
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Table 1-1. Daily estimated energy requirement and recommended acceptable macronutrient distribution 

ranges as a percentage of energy intake for carbohydrate, total fat, saturated fatty acids, polyunsaturated 

fatty acids, trans fatty acids, monounsaturated fatty acids, protein, total sugars, and DRIs for total fibre, 

sodium, potassium and calcium, by gender and age according to IOM and FAO/WHO guidelines 

 

Gender 

IOM FAO/WHO 

 Age (years) Age (years) 

 4-8 9-13 7-8 8-9 9-10 10-11 

Energy (kcal) 
Girls 1200 1600 1554 1698 1854 2006 

Boys 1400 1800 1692 1830 1978 2150 

Carbohydrate (%E) 
Girls 

45-65 55-75 
Boys 

Total Fat (%E) 
Girls 

25-35 25-35 
Boys 

SFA (%E)  ND 8 

PUFA (%E)  ND 11 

TFA (%E)  ND <1 

MUFA (%E)  ND Total Fat – SFA – PUFA – TFA  

Protein (%E) 
Girls 

10-30 10-15 
Boys 

Total sugars (%E) 
Girls 

<25 <10 (<5a) 
Boys 

Fibre (g) 
Girls 

25 
26 

From foods 
Boys 31 

Sodium (g) 
Girls 

1.2 1.5 <2b 
Boys 

Potassium (g) 
Girls 

3.8 4.5 3.510c 
Boys 

Calcium (mg) 
Girls 

1000 1300 
700 

Boys 1300 

aThe recommendation to further limit free sugars intake to less than 5% of total energy intake is based on very low quality evidence 

from ecological studies. 
bA maximum of 2 g/day with downward adjustments for lower energy intake at younger ages. 
cThe recommended potassium intake of at least 3.510 g/day should be adjusted downward for children, based on the energy 

requirements of children relative to those of adults. 

%E, percentage of total energy; SFA, saturated fatty acids; PUFA, polyunsaturated fatty acids; TFA, trans fatty acids, MUFA, 

monounsaturated fatty acids; ND, not determinable.  

 

According to Dietary Guidelines for Americans 2010 (50), children should: 1) increase 

intake of whole grains, fruit and vegetables, although there is limited evidence that the 

consumption of these foods help in the control of the total caloric intake and 

management of weight gain in children; 2) reduce intake of sugar-sweetened beverages 

since there is a strong evidence showing that children who consume sugar sweetened 

beverages have higher body weight compared to those who drink less; 3) monitor intake 

of 100% fruit juice, especially those who are overweight or obese; 4) eat a nutrient-
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dense breakfast because not eating breakfast has been associated with excess body 

weight.  

 

The Academy of Nutrition and Dietetics also recommends nutritional guidance for 

children aged 2-11 years (49): 1) reduce the incidence and the prevalence of childhood 

obesity through the reduction of energy intake and increase of physical activity; 2) shift 

food intake patterns to a more plant-based diet that emphasizes vegetables, cooked dry 

beans and peas, fruits and whole grains, nuts and seeds; also increase the intake of 

seafood and fat-free and low-fat milk and milk products, and consume only moderate 

amounts of lean meats, poultry and eggs; 3) reduce intake of foods containing added 

sugars and solid fats and also sodium intake, and lower intake of refined grains, 

especially refined grains that are coupled with added sugar, solid fat, and sodium; 4) 

meet the 2008 physical activity guidelines for Americans (60 minutes or more of 

physical activity daily, including muscle and bone-strengthening physical activity on at 

least 3 days per week). 

 

Finally, for Portuguese children in particular there is a Portuguese food guide in the 

form of a serving dish that highlights and promotes the relevance of social interaction 

within food habits (51). The guide is comprised of 7 food groups represented in a circle 

format, which acquire similar importance as they visually complement each other: 1) 

Potato, cereal and cereal products; 2) Vegetables; 3) Fruits; 4) Fats and oils 5) Meat, 

fish, seafood and eggs; 6) Milk and dairy products; 7) Pulses; 8) Water. The number of 

recommended portions depended on individual energy needs: the minimum value of 

1300 kcal was considered for children between the ages of 1 and 3 years, whereas the 

maximum value (3000 kcal) was for active men and male adolescents. The middle value 

of 2200 kcal was used for the rest of the population. Children between the ages of 1 and 

3 should follow the lower values for portion sizes, whereas male adolescents and active 

men should follow the upper values.  

 

1.2.2 What are children really eating? 

 

Most studies on dietary intake in the US population are provided from the following 

national representative surveys: Nationwide Food Consumption Survey (1977-1978); 

Continuing Survey of Food Intakes by Individuals (1989-1991); Continuing Survey of 
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Food Intake by Individuals (1994-1996, 1998); What We Eat in America, National 

Health and Nutrition Examination Surveys (2003–2004, 2005-2006, 2007-2008 and 

2009-2010). Mean daily energy intake increased from 1842 kcal/day in 1977 to 2022 

kcal/day in 2006 among children aged 2-18 years old (52). This was associated with a 

major shift toward increased energy consumed away from home (255 kcal/day), 

whereas the number of kilocalories eaten at home has declined only slightly (76 

kcal/day). However, the decreased percentage of daily energy consumed at home 

resulted from the increased total daily energy.  

 

Stores and fast food are the two predominant sources of energy for US children, and the 

proportion of energy from fast food and restaurants has been increasing. Nonetheless, in 

2010 there was a decline in the mean daily energy intake consumed by 2-18 years old 

children (1914 kcal per day) (53). 

 

Reedy & Krebs-Smith (54) identified the top dietary sources of energy, solid fats, and 

added sugars among 2-18 year olds in the US, based on data from NHANES (2003-04, 

2005-06). They verified that the top five sources of energy were grain desserts, pizza, 

soda, yeast breads, chicken and chicken mixed dishes. Furthermore, the average daily 

intake of energy from solid fats was 433 kcal of which the major sources were pizza, 

grain desserts, whole milk, regular cheese, and fatty meats. The average daily intake of 

energy from added sugars was 365 kcal. Soda, fruit drinks, grain desserts, dairy desserts 

and candy were the major sources of added sugars. Finally, 40% of total calories 

consumed (798 kcal/day of 2027 kcal) were in the form of empty calories (the sum of 

calories from solid fat and added sugar).  

 

A more recent study published in 2013 by Slining and Popkin (53) examined the trends 

in intakes and sources of solid fat and added sugars among US 2-18 year olds from 

1994-2010. They found that the consumption of solid fats and added sugars decreased 

from 39% in 1994-1998 to 33% in 2009-2010. However, mean intakes continued to 

exceed recommended limits by 18 to 28% of total energy intake. The main sources of 

solid fats and added sugars intake over these 16-year period were sugar-sweetened 

beverages, grain-based desserts, candy, ready-to-eat cereals, dairy-based desserts, milk, 

pizza, cheese, processed meats and fried potatoes. 
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Larger portion sizes have also been linked to increased energy intake in US children and 

particularly in children aged 7-12 years old. Larger portion sizes (kcal, g and mL) of 

soft drinks and salty snacks were associated with significantly higher energy intake at 

meals. Also, larger portion sizes of pizzas coincide with higher energy intake at eating 

occasions among children from 2 to 18 years old (55). 

 

Piernas and Popkin (56) presented data about daily snacking among children (ages 2-

18). The authors defined snacks as eating occasions outside meals. They demonstrated 

that the prevalence of snackers increased from 74% in 1977-78 to 98% in 2003-06. 

Children were consuming almost three snacks per day, which accounted for up to 27% 

of children’s caloric intake in 2006. Grams consumed per snack event increased 

significantly from 1977 to 2003 (around 50 g more per snack) and regarding the total 

energy intake coming from snacks, the authors observed that all children consumed 

approximately 168 more calories a day from snacking from 1977-2006. The main 

contributors to snacking calories were: desserts and sweetened beverages. Also, there 

was an increase in the intake of energy-dense salty snacks and candy as sources of 

snacking energy and children are consuming more beverages (fruit drinks, sport drinks, 

and fruit juice) while decreasing fruit as a snacking source.  

 

Lambert et al (57) collected and evaluated data on nutrient intake and status across 

European children and adolescents. They included into the analysis seventy-nine 

surveys from 23 countries and collected data on energy, protein, fat, carbohydrate, 

alcohol, vitamins, minerals and trace elements. As regards 7-10 year old children, 

energy intake ranged from 1672 to 2412 kcal/day in boys and from 1600 to 2293 

kcal/day in girls. With respect to carbohydrate intake, percentage of total energy intake 

ranged from 40.3% to 61.6% in boys and from 39 to 60% in girls, and declined with 

age. Fibre intake ranged from 0.9 to 3.5 g/MJ, with no discernible trend between ages. 

Mediterranean countries recorded the highest fat intake, which is more than 40% of total 

energy intake.  Fat intake and age of children did not seem to be associated. Protein 

ranged from 11 to 16.6% and from 11 to 17.8% of energy intake in boys and girls, 

respectively. Reported intake of vitamins by children was inconsistent across Europe, 

but in general it can be said that intake levels for most vitamins increase with age in 

both boys and girls, in parallel with energy intake. The differences between the values 

found may be explained by seasonal food patterns and the use of supplements. Like 
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vitamins, the intake of minerals increases with age, which is related to increased food 

consumption. 

 

According to data from the National Diet and Nutrition Survey (NDNS) (58), which 

combined results from 2008/09 to 2011/12 for a representative sample of the UK 

population covering different age groups including pre-school children, young people, 

adults and older adults, mean daily intake for total energy was 1532 kcal for children 

aged 4 to 10 years. The findings presented show that fruit and vegetables consumption 

was below recommendations (178 g/day). The percentage of consumption of ‘chips, 

fried and roast potatoes and potato products’ (79%), ‘fruit juice’ (62%) and ‘sugar 

confectionary’ and ‘chocolate confectionary’ combined (18 g/day) was highest in the 4-

10 year age group. 

 

Stahl et al (59) compare the food consumption and nutrient intake of German children 

and adolescents in the 1980s with 2006 dietary habits. They found notable differences 

between the food consumption and nutrient intake with respect to energy and most 

macronutrients and micronutrients. Positive changes were an increase in 

vegetable/pulses, fruits/nuts and pasta/rice/cereals (in boys) consumption, and decreased 

consumption of meat products/sausages, butter and fats/oils. However, they verified a 

decrease in consumption of potatoes/potato products, bread/pastries and fish/fish 

products. The macronutrient composition of the diet improved: fat intake decreased 

significantly due to declines of both saturated and unsaturated fatty acids; protein intake 

decreased; carbohydrate intake increased in all age and gender groups except 6 to 11 

year old boys due to higher polysaccharide intake. The micronutrient content of the diet 

in relation to energy intake increased and the energy density became lower. Water 

intake increased in all age and gender groups.  

 

Libuda et al (60) examined trends in fat intake between 2000 and 2010 in a sample of 

German children and adolescents participating in the Dortmund Nutritional and 

Anthropometric Longitudinally Designed Study. Fat quantity and quality did not change 

substantially between 2000 and 2010 but a large proportion of children and adolescents 

did not meet the recommendations for SFA and PUFA intake. Mean total fat intake in 

4-12 years old children was 35.0%, with the largest portion coming from SFA (15.7%), 

followed by MUFA (14.3%) and finally by PUFA (4.8%). In all the age groups, milk 
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and milk products, fats and oils, meat and meat products, and candy were the main 

contributors to total fat intake in both 2000 and 2010. The decreasing intake of fat from 

milk and oils was at least partly compensated by increases in fat intake from sauces in 

4–12 year olds.  

 

Lioret et al (61) provided insight into the dietary of French children aged 3-17 years 

between 1999 and 2007. During this period, among children aged 3-10 years, there was 

a decrease in energy intake, partly due to the decline in the consumption of food 

products of animal origin (mainly milk, cheese and meat) and sweetened products. The 

overall amount of starchy foods (bread and crisp breads and potatoes) decreased by 

7.4%. Sweetened foods (sweetened pastries and biscuits) decreased by 15%. Dairy 

products declined 11%, and the marked decreased in milk consumption is mainly 

responsible for this trend. Consumption of meat, seafood and eggs decreased, the 

decrease in meat consumption being the main factor accounting for this trend, with 

poultry and game accounting for a substantial reduction in the food group. Fruit and 

vegetables consumption remained stable. Savoury snacks declined by 10.7%, mainly 

due to decreased consumption of sandwiches and hamburgers. 

 

Serra-Majem et al (62) evaluated the nutritional status of 3534 Spanish individuals aged 

2 to 24 years. According to the study, the number of meals decreased with age and the 

percentage of those who usually ate breakfast was 85.3%, being higher in children aged 

2-5 years (92.7%) and lower in adolescents (82.1%). Energy intake was 2189 kcal in 

males and 1781 kcal in females. Furthermore, the food patterns revealed high 

consumption of dairy products (425 g in males and 378 g in females) and meat (178 g in 

males and 137 g in females), moderate milk consumption intake (316 mL in males and 

281 mL in females) and low consumption of fish (50 g in males and 45 g in females), 

fruit (197 g in males and 186 g in females) and vegetables (86 g in males and 95 g in 

females).  

 

Valente et al (63) evaluated the prevalence of nutritional inadequacy in 4845 Portuguese 

children aged 7-9 years old. Mean energy intake was higher in boys than in girls (2319 

kcal vs. 2522 kcal). Regarding macronutrient intakes in respect of percentage of total 

energy intake, the authors found a high fat and protein intake (35% and 17%, 

respectively) and a low carbohydrate intake (49%) compared with the WHO 
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recommendations. Inadequate intakes of calcium, vitamin E, folic acid, molybdenum 

and fibre were also found.  

 

Moreira et al (64) showed that the diet of Portuguese 5-10 year old children from the city 

of Porto was high in fat, particularly SFA, sugars and protein, and low in total carbohydrate 

and dietary fibre for both genders. Regarding dietary fibre and total carbohydrate, boys 

exhibited a significantly higher consumption (25.7 vs. 24.1 g/day; 51.7% vs. 51.0% of total 

energy, respectively) and a lower consumption of protein (18.1% vs. 18.5% of total energy) 

than girls. On the other hand, girls consumed significantly lower amounts of meat (91 vs. 96 

g/day), bread (47 vs. 52 g/day), and sweetened sweet beverages (106 vs. 132 g/day), and 

higher amounts of vegetables (103 vs. 91 g/day). 

 

1.3 Dietary Assessment  

 

Measuring the diets of school-aged children is an imprecise process because dietary 

assessment techniques are methodologically limited and usually rely on a child or 

parent’s recall of food intake. As in adults, there is no perfect method of assessing 

dietary intake in children. Special consideration must be given to the age and cognitive 

ability of the child as well as methodological issues associated with nutrient analyses.  

 

1.3.1 Overview of current dietary methods  

 

Several dietary assessment tools directed at the individual are available. In general, 

these methods can be divided into two basic categories: those that collect data about the 

diet eaten in the recent past or over a longer period of time (retrospective methods such 

as the Food Frequency Questionnaire, 24-hour Dietary Recall and Diet History) and 

those that record data at the time of eating (prospective methods like Food Record). 

These methods are subject to bias and translating dietary information into quantitative 

estimates of energy and macronutrient intake is difficult (65).  

 

A description of the main dietary assessment methods is given below: 
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Food Frequency Questionnaire 

The Food Frequency Questionnaire (FFQ) measures usual food intake and is often used 

for epidemiological studies since it is relatively easy to administer, less expensive than 

other assessment methods, and easily adapted for population studies.  

 

Walter Willett states in Nutritional Epidemiology (66) that the most important factor in 

the FFQ approach is the average long-term diet over weeks, months or years, rather than 

intake on a few specific days. The basic FFQ consists of two components: a food list 

and a frequency response section for subjects to report how often each food was eaten. 

Questions related to further details of quantity and composition may be also included. 

 

A basic decision in designing a FFQ is whether the objective is to measure intake of a 

few specific foods or nutrients, or whether a comprehensive assessment of dietary 

intake is desired. A second questionnaire design issue is whether the primary objective 

is to rank individuals or to provide a measure of absolute intake. In both cases, it is 

important to select carefully the most informative items for the food list: 1) the foods 

must be used reasonably often by an appreciable number of individuals; 2) the foods 

must have a substantial content of the nutrients of interest; 3) the use of the foods must 

vary from person to person in order to be discriminating. A third approach to 

constructing a questionnaire is to use open-ended data to identify the foods that 

contribute most importantly to the total absolute intake of a nutrient by the group as a 

whole (provide subjects the option of answering in terms of frequency per day, week, or 

month). 

 

Respondents report their habitual intake over a defined period of time in the past year, 

month, or week (the relevant reference period is dependent on the physiology or the 

pathophysiology of the outcome being studied). Walter Willet (66) uses nine frequency 

categories to estimate food intake: 1) almost or never; 2) 1-3 times per month; 3) once 

per week; 4) 2-4 times per week; 5) 5-6 times per week; 6) 1 per day; 7) 2-3 times per 

day; 8) 4-6 times per day; 9) over 6 times per day. For children, the list of the frequency 

should be presented vertically under each food item because this is easier for 

populations with lowers educational levels.  
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FFQ can be classified as non-quantitative (collect no additional information on portion 

sizes), semi-quantitative (specify a portion size as part of the question on frequency, e.g. 

“how often a glass of milk is consumed”), or quantitative (include an additional 

question for each food about the usual portion size, describing a medium portion size in 

words and asking subjects to describe their usual portion as small, medium or large). 

The questionnaire can be self-administered or conducted with individual or group 

assistance (67).  

 

24-hour Dietary Recall 

The 24-hour Dietary Recall (24-h DR) consists of a structured interview in which a 

trained nutritionist or other professional asks the child and/or adult caregiver to list 

everything she/he ate or drank during a specified time period, typically from midnight 

to midnight of the previous day or over the past 24-hour period. It probes for additional 

foods and food preparation methods by asking questions in a manner that puts the 

participant at ease and facilitates the ability to recall the previous day’s intake. It is an 

estimate of actual intake that incorporates a detailed description of the foods, including 

brand names, ingredients of mixed dishes, food preparation methods, and portion sizes 

consumed.  

 

Because of intra-individual variation in intake, multiple recalls are needed to accurately 

estimate habitual nutrient intake (67,68). The determination of the optimal number of 

24-h DR to administer depends on both desired accuracy, the variability of the nutrient 

in question and also on the purpose of the study (for instance, if the purpose of the study 

is to estimate the distribution or to examine correlates of individuals intakes, more than 

one 24-h DR is necessary per individual). The administration of a greater number of 24-

h DR or the increase in the number of individuals in the sample will be more 

representative of habitual individual intake. However, for many nutrients, obtaining a 

highly accurate estimate of individual intake by using repeated measurements is simply 

beyond practical possibilities in epidemiological studies.  

 

The U.S. Department of Agriculture developed the automated multiple-pass method 

(AMPM). The AMPM employs five sequential passes in the interview (69): 1) asking 

the participant to start by quickly listing the foods consumed in the previous day 

(without respect to time sequence); 2) asking about any forgotten foods in nine 
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commonly forgotten categories of foods (non-alcoholic beverages, alcoholic beverages, 

sweets, savoury snacks, fruits, vegetables, cheese, breads and rolls, other foods); 3) 

asking the time and occasion of consumption for each food; 4) probing for specific 

details on foods, amounts consumed, and foods consumed between identified eating 

events; 5) probing for whether anything was forgotten. The AMPM is the procedure 

currently used for collecting 24-hour dietary intakes in the U.S. NHANES. 

 

Intensive training of the dietary interviewer is critical for obtaining accurate and 

complete 24-h DR. If the participant does not provide adequate information about a 

food item, the interviewer must probe further for the necessary level of detail. There are 

some abilities of the interviewer that must be ensured in order to obtain complete and 

accurate information: ask non-judgmental questions, maintain a neutral attitude toward 

all responses, use open-ended questions in probing for foods and descriptive detail, and 

avoid asking questions in a manner that might influence the participant’s responses. 

Asking about the previous day’s activities and relating these activities to food intake 

may also help participants recall their food intake (68). 

 

Diet History 

Burke (70) developed a detailed Diet History (DH) that assesses the past diet of an 

individual in the form of usual meal patterns, food intake, and food preparation 

practices through three steps: an interview to determine the usual meal pattern, most 

frequently from a 24-h DR; a menu recorded for 3 days; an FFQ that checklists the 

foods consumed over the preceding month. This method was time consuming and 

expensive, and a highly skilled professional was needed for both the interview and the 

processing of the information.  

 

The DH provides a measure of habitual intake that is appropriate for ranking individuals 

and predicting health outcomes. A DH is more qualitative than quantitative, allowing 

detailed information about food preparation, eating habits, and food consumption to be 

collected by a highly trained interviewer. Because this method requires an interview 

typically of 1 to 2 hours duration and also cognitive skills that include spatial 

relationships, and also math skills, the method are not often used to assess children´s 

diet (67).  
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Food Record 

Food Record (FR) is a written account of actual intake of the foods and beverages 

consumed during a specified time period, usually 3, 5, or 7 days. Respondents record 

detailed information about their dietary intake, such as brand names, ingredients of 

mixed dishes, food preparation methods and estimates of amounts consumed. By 

collecting the information at the time of consumption, error due to memory loss is 

reduced and thus FR often serves as a validation standard (67,68).  

 

Participants should be trained in methods of keeping complete and accurate FR. 

Procedures for reducing the extent of underreporting in FR include: careful training in 

methods of keeping accurate records (face-to-face training is preferred); providing 

written as well as verbal instructions for recordkeeping; emphasizing the importance of 

the participant’s contribution to the research and the importance of the dietary 

information; stressing the need for timely recording of food intake; encouraging 

participants to maintain habitual eating habits during recording period.  

 

Ideally, the recorder weights the individual portions of the cooked dishes using a 

calibrated scale, but other methods for measuring serving sizes may be needed 

(household measuring tools, such as standard measuring cups and spoons). Reviewing 

the FR with the participants right after data collection is desirable to capture adequate 

detail and should include probing for beverages and between-meal snacks that may have 

been inadvertently omitted. Meals eaten away from home often lack adequate 

descriptive detail.  

 

Because young children have not been shown to accurately complete the FR 

independently, caution is suggested when interpreting studies that used the FR as the 

validation standard. Furthermore, the validity of FR increase with more days of 

recording and a multiple FR can introduce compliance issues for children because of 

high respondent burden. Changes in eating while keeping the FR (called reactivity) may 

be due to minimizing the burden associated with recording foods, especially mixed 

dishes containing many ingredients, or a tendency to select foods that are more socially 

acceptable to report (considered to be healthier) (68).  
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1.3.2 How is dietary intake assessed in children? 

 

Assessment of dietary intake in children is particularly challenging and there is no 

consensus on which dietary assessment method is most accurate (71,72). If used in an 

appropriate manner, all methods presented previously could provide information 

regarding average habitual daily intake of foods and beverages, energy, macronutrients 

and selected vitamins, minerals and intake distributions. The choice of which instrument 

to use may depend on the study objectives and study design factors, all of which will 

influence the appropriateness and feasibility of different approaches. 

 

McPherson et al (67) reviewed the validity and reliability studies of FFQ, 24-h DR, DH 

and FR among children and adolescents. The authors concluded that there were higher 

correlations between the validation standard for 24-h DR and FR than for FFQ, 

although it is difficult to generalize the validity and reliability of these studies because 

of discrepancies in study design, referent periods and validation standards. 

 

Burrows et al (36) evaluated the accuracy of dietary assessment methods used to 

estimate the daily energy intake of children by comparing reported intake with total 

energy expenditure measured by Doubly Labeled Water (DLW). This review suggested 

that the 24-h DR conducted over at least a 3-day period, including weekdays and 

weekend days, and using parents as proxy reporters is the most accurate method to 

estimate total energy intake in children aged 4-11 years, compared to total energy 

expenditure measured by DLW. According to the authors, weighed FR provided the 

best estimate for younger children aged 0.5 to 4 years, whereas the DH provided better 

estimates for adolescents ≥ 16 years. 

 

Forrestal (71) described energy intake misreporting (includes both underreporting and 

overreporting) among children and adolescents and suggested that retrospective 

methods may be preferable to use with younger respondents, which is contrary to the 

common acceptance of FR as the ‘gold standard’ for dietary assessment methods. 

Underreporting of approximately one-fifth was common particularly with the FR, 

although the studies reflect considerable methodological variability. 
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Within the European Food Consumption Validation Project (EFCOVAL), 

recommendations for harmonised dietary assessment in European national food 

consumption surveys among children advised for pre-schoolers (4-6 years) two non-

consecutive 1-day FR and for school children (7-14 years) two non-consecutive 24-h 

DR combined with a simple FR, primarily for foods eaten at home (73). The authors 

concluded that the 24-h DRs are “logistically simple, applicable for cross-cultural 

surveys, less burdensome for the respondents and in line with the dietary assessment 

method, suggested among adults in trans-European surveys, this would logically be our 

first choice of method for children”. 

 

In view of a pan-European dietary survey, the European Food Safety Authority (EFSA) 

recommends the FR method including two non-consecutive days for all infants, toddlers 

and other children up to 10 years of age (38).  

 

The Pilot Study for Assessment of Nutrient Intake and Food Consumption Among Kids 

in Europe (PANCAKE) tested two protocols - an FR on 3 consecutive days, as well as 

an alternative protocol with 2 non-consecutive 1-day FR – in two EU member states 

that differ in dietary habits and common field work practices (Belgium and Czech 

Republic) (74). The 3-day FR was more pre-structured than the 1-day FR. For the 1-day 

FR, completeness was considered less important because the recording was followed by 

a completion interview using EPIC-Soft© with the parent and the FR as a basis.  

 

EPIC-Soft© was originally developed to conduct 24-h DR in a harmonised and 

standardised way in various European countries, allowing for the differences in food 

consumption across the countries with a common food grouping system. EPIC-Soft© is 

divided into 5 interview steps: 1) general non-dietary information; 2) quick list step; 3) 

description and quantification of foods and recipes reported in the quick list; 4) dietary 

recall summary and quality checks; 5) dietary supplement description and 

quantification. The main differences of the EPIC-Soft© and the Data Entry Application 

used in PANCAKE is that the quick list step and the probing question are deactivated 

(75).  

 

The two tested dietary assessment methods and related protocols each had advantages 

and disadvantages. However, the two non-consecutive 1-day FR followed by an EPIC-
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Soft© completion interview with the parent seemed to offer more advantages for the 

future pan-European survey in children aged 0–10 years than the 3-day FR. The main 

arguments presented by the authors were that non-consecutive days are more 

appropriate to estimate the prevalence of inadequate intake, and also the comparability 

with the advised methodology for adults. 

 

In the US, the 24-h DR is the most commonly used method for dietary surveys and is 

often used to collect information about children’s intake in national surveys and diet-

health studies (76). Ollberding et al (77) determined the within-to between-individual 

variance ratios and number of 24-h DRs required to rank-order individuals on usual 

intake for select macro and micronutrients in a large, multiracial/ethnic sample of US 

children. They concluded that for children, 6-9 24-h DRs were required to classify 

individuals on habitual intake, with an accuracy of r=0.8 for most nutrients. 

Furthermore, when multiple days of intake are collected, the combination of days of the 

week for each individual should ideally be randomly assigned and non-consecutive, 

since studies indicated that consecutive days are not independent of one another. 

 

Thus, the 24-h DR and FR have several strengths in common. Both methods record 

actual intake and thereby estimates absolute rather than relative intake of energy and 

other food components. Since both methods are open-ended, they can accommodate any 

food reported by the participant and allow an unlimited level of specificity regarding 

type of foods, food source, food processing method, food preparation, and other details 

relating to describing foods and amounts. Finally, the use of recall or record methods 

permits considerable flexibility for data analysis, since data may be analysed by 

nutrients as well as by individual foods, by any food-grouping scheme desired, or by 

meals. Table 1-2 presents the strengths and limitations of the 24-h DR and FR used to 

assess dietary intake in children. 
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Table 1-2. Strengths and limitations of the 24-hour Dietary Recall and FR used to assess dietary intake in 

children (68,78) 

  24-h DR FR 

Strengths 

- Does not require literacy skills 

- Does not alter habitual dietary habits 

- Less likely to be reactive (information 

is collected after the fact) 

- Low participant burden 

- Short administration time (30 min) 

- Covers a defined recall time period 

- Data entry can be automated 

- Single day of intake per person to 

obtain the mean value for a group or 

population 

- Does not rely on memory 

- Covers a defined recording time period 

- Training can be group administered 

- Single day of intake per person to obtain 

the mean value for a group or population 

Limitations 

- Relies on memory 

- Portion size is difficult to estimate 

- Higher respondent burden for multiple 

days 

- Need for highly trained interviewers 

- Expensive to collect and code 

- Multiple recalls needed to report 

habitual intake of an individual 

- Requires literacy skills (reading and 

writing skills required) 

- Procedure may alter habitual dietary 

habits 

- High participant burden 

- High level of motivation (increases with 

number of days) 

- Can lead to a poor response rate 

- Food eaten away from home less 

accurately reported 

- Expensive to collect and code 

- Multiple records needed to report 

habitual intake of an individual 

24-h DR, 24-hour dietary recall; FR, food record 

 

1.3.3 From what age is a child expected to report food intake accurately? 

 

One key practical and important issue is from what age a child can be expected to report 

food intake accurately. It is also very important to know whether parents or others might 

be reasonable proxies. Factors that affect the reporting of dietary intakes in school-age 

children include: 1) lower literacy levels; 2) limited knowledge of food and food 

preparation methods; 3) lack of familiarity with recipe components; 4) difficulties in 

estimating portion sizes; 5) limited cognitive abilities (67).  
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Piaget proposed the major theory of cognitive development, which emphasizes the 

biological functions and environmental influences that promote intellectual growth. 

Piaget identified four major periods of cognitive development: 1) sensorimotor (birth to 

2 years), 2) preoperational (2-6 years), 3) concrete operations (6-12 years) and 4) formal 

operations (12-19 years) (79). In particular, the development of concrete operational 

thought occurs after 6 or 7 years old. During this stage a number of conceptual skills are 

gradually achieved: 1) conservation skills, 2) classification skills, and 3) computational 

skills. The basic meaning of the conservation is that the properties of an object or a 

substance remain the same even though its appearance may have been altered in some 

superficial way. This concept can be applied to a variety of dimensions (mass, weight, 

number, length, volume). Three concepts that contribute to conservation are: identity, 

reversibility, and reciprocity. There appears to be developmental sequences in the 

capacity to conserve. Children generally conserve mass and number earliest, weight 

later, and volume last. The conceptual awareness of the process of classifying objects or 

the logic of conservation is not fully integrated until middle school age (6-12 years) and 

may not reach peak performance until later adolescence or adulthood. Classification 

refers to the ability to group objects according to some common dimension and to order 

subgroups in a hierarchy, and computational skills to the ability to understand that 

numbers represent quantities and to manipulate quantities using the operation of 

addition, subtraction, multiplication, and division (80,81).  

 

There seems to be a fairly rapid increase in the ability of children to participate in 

unassisted recalls for foods eaten in the immediate past at around 7–8 years of age (82). 

Children under 8 years cannot conceptualize frequency correctly and need adult 

assistance to provide dietary information because of limited reading skills and 

vocabulary (83). As a child grows older (>8 years) there is a rapid increase in children’s 

ability to provide accurate reports of their dietary intake (83) and research suggests that 

children may be able to respond to a 24-h DR by the age of about 10 years (84,85). 

Children aged 10 years old and over may have some of the food knowledge required, 

although they still may not be able to provide detailed information on food type and 

preparation methods. Previous work showed that 8-9 year olds were less accurate and 

took more time than 10-13 year olds finding foods in hierarchically organized categories 

(86) but could use pictures of foods to report portion size as accurately as older children 
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(87). More work is needed to address this issue, but asking children of 10 years or older 

for dietary intake data appears safe (68). Accuracy by age for FR hasn’t been reported. 

 

Whether the parent or the child is the reporter brings different perspectives and distinct 

biases to the report of intake. Parents are often used as proxy reporters of their 

children’s dietary intake in research studies, particularly in children ages 6 to 11 years 

old, because of children’s lower literacy levels, limited cognitive abilities and 

difficulties in estimating portion size (76,88). However, the assumption that parents are 

good reporters of their child’s food intake can be challenged. Also, the joint parent-child 

recall method used in the majority of these studies appears to never have been validated 

(children by themselves did not provide recalls, so no comparison could be made of the 

accuracy of child-only recalls, parent-only recalls, and joint parent-child recalls of the 

child’s intake). 

 

It seems to be unrealistic to expect parents to accurately report their elementary-school 

children’s dietary intake, especially for meals eaten in locations where parents are not 

present, such as school (83). Children spend a large part of the day outside home and 

parents are often unaware of what the child consumed during that period of time. It is 

necessary to rely on school-age children to self-report their own dietary intake 

information. Furthermore, 24-h DR has been provided by school-age children without 

parental assistance for research studies (89–91).  

 

1.3.4 How do children remember food intake? 

 

Memory is a very commonly cited problem in 24-h DR. Errors in a child’s memory for 

foods in 24-h DR include: intrusions (recalling foods they never had), omissions (not 

recalling foods actually consumed), and limited knowledge of foods and preparation.  

 

Baranowski and Domel (84) proposed a model to understand how children remember 

and process information (Figure 1-1). This model has three structural elements: a 

sensory register, short-term memory and long-term memory. According to these 

authors, when children are presented with food stimuli, they attend to only parts of 

those stimuli. What they attend may reflect how much they know about the stimuli, 

their prior experience with the stimuli, or the state they are in (e.g. fatigued). After that, 
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children form an initial (short-term) memory of the event and this memory must be in 

terms, units, and sufficient detail to be interpretable by the researchers. Later children 

must perform some elaboration of the event to develop a longer-term memory.  

 

Cognitive processes involved in the recall of dietary information can be categorized as 

attention (noticing information), perception (what a child does with the information 

after it has been noticed), organization (referring to the categories used to store food 

information in long term memory and relationships among those categories), retention 

(as time from the event increases, more aspects of this event are lost from memory), 

retrieval (the process of obtaining information out of long term memory to form a 

response to a question where child must recall the events of the day to identify the foods 

eaten) and response formulation (some children may distort a self-report to achieve self-

presentation goals).  

 

 

Figure 1-1. The cognitive model of children’s dietary assessment proposed by Baranowski and Domel 

(84) 

 

One of the research issues in applying the cognitive processing approach to children’s 

self-reports of diet is to identify the strategies children use to retrieve information from 

their memory concerning what they have eaten, and to relate those strategies to the 

accuracy of self-reports. Some authors have published studies that aim to enhance 

understanding of the strategies in order to help children to recall more accurately what 

they have eaten. 
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Baxter et al (92) used the Delphi technique to develop and validate a set of retrieval 

categories for how children remember what they have eaten and to determine which 

retrieval categories were linked with the most accurate self-reports of diet. There were 

differences in accuracy by retrieval category but the more accurate students reported 

using “usual practice”, “taste/smell/texture”, “visual” and “second helping/mode of 

eating” in contrast to “interactions with other people”, “portion left over” and 

“physiologic cue”. However, given the wide variety of retrieval categories used by 

fourth graders, the authors acknowledged that they cannot assume to know which 

retrieval categories one student will use on the basis of the results from this study.  

 

Food category prompting (specific questions used to clarify details and amounts about 

items already reported) slightly increased recall accuracy among fourth-graders who 

received it and may be used after free recall when obtaining dietary recalls (93). 

Interview format also influences children’s dietary reporting accuracy. Because dietary 

intake may be organized in memory according to meals, a meal interview format that 

involves initial instructions or prompting with meal names may be preferred by children 

(94) than other interview formats. On the other hand, Baxter et al (95) suggested that for 

24-h DR, free reports of intake – open interview format – may be more accurate than 

reports by meal. These authors found that the cues of the meal format led children to 

report more items than the open format. This resulted in relatively higher intrusion rates 

with no effect on omission rates.  

 

Another important aspect is the reporting order. Reverse order reporting (most recent to 

past) may be better than forward order reporting (past to more recent) because recent 

events are easier to remember and may stimulate recall of earlier events. Baxter et al 

(96) observed and interviewed 121 fourth-graders regarding the previous day’s intake 

and verified that prompting children to report meals and snacks in reverse order rather 

than forward order improved omission and intrusion rates for males. On the other hand, 

girls recalled items more accurately when prompted to report meals and snacks in 

forward order. However, children for both reverse and forward order reported <50% of 

items observed demonstrating a poor accuracy. 

 

Accuracy should also depend on both target period and interview time, which is why 

recency hypothesis (the closer in time the interview is to the intake to be reported, the 
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more accurate performance should be) was also tested (97). Sixty fourth grade children 

were observed eating breakfast and lunch and were interviewed to obtain a 24-h DR 

using one of six conditions generated by crossing two target periods (previous day and 

prior 24 hours) with three interview times (morning, afternoon and evening). Reporting 

accuracy for the prior 24 hours was significantly better than for the previous day. When 

the target period was the previous day, omission and intrusion rates were lower for 

morning interviews compared to afternoon and evening interviews. 

 

More recently, Baxter et al (98) tested eight different 24-h DR protocols in 48 fourth-

grade children and verified that children’s non-accuracy-related responses to these 

protocols varied as hypothesized: the interview length, in minutes, differed by retention 

interval (prior-24-h-afternoon 21.8, previous-day-morning.16.1; P<0.0008) and prompt 

(open 20.3, reverse 20.0, forward 19.1, and meal-name 16.3; P.0.079). The number of 

school meals reported eaten during the target period was greater using meal-name 

prompts than the other three prompts.  

 

An understanding of the cognitive bases of intrusions might contribute to the design of 

protocols for collecting dietary information in which children would report fewer 

intrusions. Smith et al (99) determined whether items denoted by intrusions were 

available in school foodservice environments on the interview day, three school days 

prior to the interview day and the day following the interview. The availability in the 

school food service environment of school meal items denoted by intrusions decreased 

backward over school days before the target day, and decreased from the target day to 

the following day. Thus, intrusions may be based on specific memories of items 

encountered during the target period or before the target period, and also on individual’s 

general knowledge of their dietary intake. The omnipresence of some items in school 

foodservice environments suggests that some items may be intruded because it is 

plausible to children that those items were consumed during the target period. 

 

Reporting accuracy may be also related to cognitive ability, and cognitive ability may 

be a source of systematic error in epidemiological data (systematic errors may 

exaggerate or mask relations). Smith et al (100) investigated whether cognitive ability is 

a source of systematic error in dietary recalls. The Palmetto Achievement Challenge 

Tests (which measures achievement in 4 subject areas: language, arts, mathematics, 
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science, and social studies) was used to test cognitive ability of fourth grade children. 

They verified that as cognitive ability increased, dietary reporting error decreased. 

Children with higher cognitive ability reported more items, and what they reported 

better matched what they were supposed to report, than children with lower cognitive 

ability. The omission and intrusion rates were more strongly related to cognitive-ability 

for girls than for boys. Furthermore, the relation between cognitive ability and the 

omission rate was stronger than that between cognitive ability and the intrusion rate.  

 

1.3.5 How do children estimate portion sizes? 

 

Paralleling the problems in accurately identifying what was eaten are those in 

identifying how much was eaten (portion size served and any leftovers). Estimation of 

portion sizes has always been a challenge in dietary surveys and particularly in children 

presents unique difficulties (101). A measure is required to estimate the portion size of 

each food item consumed, which can then be converted into intakes of nutrients or other 

food constituents. There is no ‘gold standard’ for estimation of portion sizes; therefore 

the use of different aids will depend on survey methodology, target population and 

accuracy required.  

 

Methods used to quantify food intakes may be divided into two broad categories: those 

in which foods are weighed directly and those in which foods are estimated. Weighing 

of foods can introduce changes in eating habits, increases the burden placed on the 

subject and there are circumstances where weighing is not suitable (e.g. large 

epidemiological studies). Furthermore, weighing foods consumed outside home and 

away from parents poses additional practical problems. Published standard portion 

sizes, digital images of foods (91,102–104), household measures (e.g. common sizes of 

mugs, glasses and bowls; standard measuring cups and spoons), food models (e.g. three-

dimensional food models) (105), geometric shapes or drawings of foods have been used 

to quantify portion sizes (68,106). The use of these aids relies on the ability and 

willingness of subjects to remember and accurately estimate the amounts of foods 

consumed. Although the estimation of portion sizes is associated with a loss of 

precision as a result of over- and underestimation, without such aids, errors in 

assessment of portion sizes can be even larger.  
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Portion size estimation has been deconstructed into perception (what people see in front 

of them and can be defined as the ability to relate an amount of food that is present in 

reality to an amount depicted in a portion size assessment tool), conception (recall soon 

after meal is a subject’s ability to make a mental construct of an amount of food which 

is not present in reality), and memory (recall 24 hours or more after meal) (107).  

 

Foster et al (108) assessed the effect of timing on perception, conceptualization and 

memory on the ability of children to estimate food portion size using three portion size 

assessment tools: food photographs, food models and an Interactive Portion Size 

Assessment System (IPSAS). There is no evidence that children’s ability to estimate 

portion size is significantly different 24-h after eating from just after eating a food, or 

indeed when the food is in view. These authors also found that children of all ages 

performed well using the IPSAS and food photographs. The accuracy and precision of 

estimates made using the food models were poor. An interval of 24-h appears to be a 

short enough interval between eating and estimating the portion size of a food.  

 

Lillegaard et al (109) assumed that perception is the only element that could affect the 

process of using a photograph to identify portion size. For this purpose, they eliminated 

conceptualization and memory from their study once the estimates were made with no 

time delay between seeing the foods and using the photographic booklet. The authors 

assessed whether children and adolescents could accurately estimate portion sizes of 

pre-weighed foods by viewing 4 photographs of foods, and whether age influenced their 

abilities to estimate food portion sizes. The participants’ ability to choose the correct 

photograph differed according to the photographic series and was easier when the 

served food and the photograph of the food appear to be exactly the same. However, 

nearly all food items were estimated within ±1 photograph from the correct photograph 

independent of the foods appearance on the plate.  

 

The use of age-appropriate tools is particularly important when children are the target 

population. Frobisher & Maxwell (110) and Foster et al (111) found that errors in 

portion size estimation made by children using the adult food photographs were much 

greater than those observed when adults used the photographs. Single portion size 

photographs based on adult food portion sizes are unlikely to be suitable for use in 

children.  
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The Expert Group on Food Consumption Data (EGFCD) (38) reinforces the importance 

of using age-appropriate tools and portion size aids, which are representative of the food 

available on the market and of the food portions actually consumed. They also 

recommend the use of country-specific and validated picture books. These books should 

contain pictures of foods in portion sizes that are commonly used in the area where the 

study was conducted and should include foods commonly available on the market at the 

time of the survey. Furthermore, it should contain pictures of household measurement 

tools and standard units. Also leftovers should be estimated.  Within the PANCAKE 

project, Trolle et al (112) validated a 38 common food picture series of six pictures each 

for portion size estimation of foods consumed by infants, toddlers and children. The 5
th

 

and 95
th

 percentiles of Danish weighed portion sizes of foods consumed by children 

were used for defining the smallest to the largest portion of each series. This common 

age-appropriate picture series was developed for a pan-European dietary survey.  

 

The effect of digital image size and the presence of size cues on the accuracy of portion 

size estimation by children was tested by Baranowski et al (87). These authors 

hypothesized that larger pictures (close to the size of the actual foods) would facilitate 

more accurate estimates of portion size and that the presence of image size cues would 

enhance accuracy, especially with the smaller pictures. Correct classification of foods 

using images was 60.3%. There were no differences in accuracy detected by either size 

of picture or size cues. There was more overestimation with larger images, and about 

equal over and underestimation with the multiple smaller images on the screen. 

Substantially less time was taken to classify foods using the smaller, rather than the 

larger pictures, with no differences in accuracy detected. Less time was likely due to 

children not having to scroll across pictures and greater ease in making perceptual 

equivalence relationships when all possibilities were on screens. This suggests that 

multiple small pictures on the screen at the same time are the preferred method for 

estimation of portion sizes in children.  

 

1.3.6 What is the role of technology in dietary assessment?  

 

The advancements and application of recent technologies to automate the more accurate 

methods of dietary assessment, making them less expensive and easier to use, could 

move usual practice away from the less accurate methods, and thereby result in broad 
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based benefits (113). 24-h DR may now be conducted interactively, using computer 

software that prompts the interviewer to collect all of the necessary information about 

food consumed by children.  

 

In recent decades, the expansion of the Internet for personal and professional use has 

presented unique opportunities for collecting individual data in the research field. In 

particular, 91% of Portuguese children from the fourth, sixth and ninth grades of public 

and private schools have a computer at home and 79% have a computer with Internet 

access. The computer and Internet access was more frequent in families with higher 

educational level and with more qualified jobs (114). Schools are often the preferred 

setting used to collect dietary intake data from web-based questionnaires. In Portugal, 

the relationship between students and computer with Internet access in public and 

private schools is 3.5 and 1.3, respectively (115).  

 

Data collected using auto-administrated web-based questionnaires tends to improve data 

quality for several reasons: it standardizes the data collection process, ensures the 

appropriate level of detailed obtained for every food consumed, and eliminates manual 

coding, which has been the most labour-intensive step in dietary data processing. For 

instance, if the participant forgets to click on an answer, an error message appears 

before they can move on to the next page. Validation control tools can be also 

incorporated with interactive audible and visual prompts that alert children when they 

enter an implausible answer in order to restrict omission of foods.  

 

Web-based 24-h DR reduces interviewer workload and costs, provides great flexibility 

and freedom (allowing the subject to complete the questionnaire at any convenient time 

and location via a user-friendly interface), and is time efficient, as one researcher or 

nutritionist/dietician could guide 15-20 respondents at the same time. However, it 

requires literacy, computer skills and Internet access. Moreover, possible reporting 

difficulties could exist because of limited nutritional knowledge (116,117).  

 

Therefore, technological alternatives might overcome some of the feasibility and 

financial issues but they will also introduce new challenges in dietary assessment (116) 

for researchers and also for developers. Buday et al (118) discussed in a recent paper 

different methods of software development that should be taken into account before the 
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development of new software’s in order to maximize their chance for success: 1) 

requirements analysis (systematic way to gather and analyse information about a 

software development project), 2) development methodology (design phase, production, 

testing, implementation, and evaluation), 3) building a development team (researchers 

and software developers), and 4) software intellectual property.  

 

Table 1-3 describes and summarizes some of the most important computerised dietary 

assessment methods used in children and adolescents. 



T
a

b
le

 1
-3

. 
S

u
m

m
ar

y
 o

f 
co

m
p
u

te
ri

se
d
 d

ie
ta

ry
 a

ss
es

sm
en

t 
m

et
h

o
d

s 
fo

r 
ch

il
d

re
n
 a

n
d

 a
d

o
le

sc
en

ts
 

M
et

h
o
d

 
C

o
u

n
tr

y
 o

f 

o
ri

g
in

 

T
a
rg

et
 a

g
e 

(y
ea

rs
) 

A
p

p
ro

a
ch

 
V

a
li

d
a

ti
o

n
 s

tu
d

y
 

F
o

o
d

 I
n

ta
k

e 

R
ec

o
rd

in
g

 S
o

ft
w

ar
e 

S
y

st
em

 (
F

IR
S

S
t)

 

(9
1

,1
1

9
) 

U
S

A
 

9
-1

1
  

O
n

li
n

e 
se

lf
-a

d
m

in
is

te
re

d
 2

4
-h

 D
R

 b
as

ed
 o

n
 m

u
lt

ip
le

 

p
as

s 
m

et
h

o
d

. 
F

o
o

d
s 

ar
e 

id
en

ti
fi

ed
 w

it
h

in
 a

 

h
ie

ra
rc

h
ic

al
ly

 o
rg

an
iz

ed
 s

y
st

em
 o

f 
fo

o
d

s 
w

it
h

in
 g

ro
u

p
s.

 

C
h

il
d

re
n

 a
n

d
 a

d
o

le
sc

en
ts

 a
re

 a
ls

o
 p

er
m

it
te

d
 t

o
 t

y
p

e 
th

e 

n
am

e 
o

f 
fo

o
d

s 
n

o
t 

o
th

er
w

is
e 

fo
u

n
d

. 
F

o
r 

ea
ch

 f
o

o
d

 

re
co

rd
ed

, 
th

e 
ch

il
d

 i
s 

as
k

ed
 t

o
 i

d
en

ti
fy

 t
h

e 
ty

p
e,

 s
h

ap
e,

 

an
d

 s
iz

e 
o

f 
co

n
ta

in
er

 a
n

d
 t

h
en

 a
d
ju

st
in

g
 t

h
e 

p
o

rt
io

n
 

w
it

h
in

 t
h

e 
co

n
ta

in
er

 t
o

 r
ef

le
ct

 t
h

e 
am

o
u

n
t 

co
n

su
m

ed
. 

 

M
et

h
o

d
s:

 

n
 =

 1
3

8
 c

h
il

d
re

n
 a

n
d

 a
d

o
le

sc
en

ts
 

M
ea

n
 a

g
e:

 9
.6

 y
ea

rs
 

V
al

id
at

o
r:

 s
ch

o
o

l 
lu

n
ch

 o
b

se
rv

at
io

n
s;

 2
4

-h
 D

R
; 

h
ai

r 

sa
m

p
le

 (
‘b

o
g

u
s 

p
ip

el
in

e’
a ) 

R
es

u
lt

s:
 

F
IR

S
S

t 
v

s.
 S

ch
o

o
l 

lu
n

ch
 o

b
se

rv
a

ti
o
n

s 

M
at

ch
es

 =
 4

6
%

 (
4

2
%

 w
it

h
 h

ai
r 

sa
m

p
le

);
 I

n
tr

u
si

o
n

s 
=

 

2
4

%
 (

2
3

%
 w

it
h

 h
ai

r 
sa

m
p

le
);

 O
m

is
si

o
n

s 
=

 3
0

%
 (

2
9

%
 

w
it

h
 h

ai
r 

sa
m

p
le

) 

F
IR

S
S

t 
v

s.
 2

4
-h

 D
R

 

M
at

ch
es

 =
 6

0
%

 (
6

7
%

 w
it

h
 h

ai
r 

sa
m

p
le

);
 I

n
tr

u
si

o
n

s 
=

 

1
5

%
 (

1
2

%
 w

it
h

 h
ai

r 
sa

m
p

le
);

 O
m

is
si

o
n

s 
=

 2
4

%
 (

2
1

%
 

w
it

h
 h

ai
r 

sa
m

p
le

) 

2
4
-h

 D
R

 v
s.

 S
ch

o
o

l 
lu

n
ch

 o
b

se
rv

a
ti

o
n

s 

M
at

ch
es

 =
 5

9
%

 (
6

0
%

 w
it

h
 h

ai
r 

sa
m

p
le

);
 I

n
tr

u
si

o
n

s 
=

 

1
7

%
 (

2
3

%
 w

it
h

 h
ai

r 
sa

m
p

le
);

 O
m

is
si

o
n

s 
=

 2
4

%
 (

1
5

%
 

w
it

h
 h

ai
r 

sa
m

p
le

) 

Y
o

u
n

g
 A

d
o

le
sc

en
t’

s 

N
u

tr
it

io
n

 A
ss

es
sm

en
t 

o
n

 C
o

m
p

u
te

r 

B
el

g
iu

m
 

≥
 1

1
  

C
o

m
p

u
te

ri
se

d
 2

4
-h

 D
R

 b
as

ed
 o

n
 6

 m
ea

l 
o

cc
as

io
n

s 

(b
re

ak
fa

st
, 

m
o

rn
in

g
 s

n
ac

k
s,

 l
u

n
ch

, 
af

te
rn

o
o

n
 s

n
ac

k
s,

 

ev
en

in
g

 m
ea

l,
 e

v
en

in
g

 s
n

ac
k

s)
 p

re
se

n
te

d
 w

it
h

 a
 r

an
g

e 

M
et

h
o

d
s:

 

S
tu

d
y

 1
 

n
 =

 1
3

6
 a

d
o

le
sc

en
ts

 

32 



M
et

h
o
d

 
C

o
u

n
tr

y
 o

f 

o
ri

g
in

 

T
a
rg

et
 a

g
e 

(y
ea

rs
) 

A
p

p
ro

a
ch

 
V

a
li

d
a

ti
o

n
 s

tu
d

y
 

(Y
A

N
A

-C
) 

(1
0
2
) 

 
o

f 
se

q
u

en
ti

al
 a

ct
iv

it
ie

s.
 F

o
o

d
 (

>
4

0
0

 i
te

m
s)

 a
n

d
 d

ri
n
k
 

it
em

s 
ar

e 
id

en
ti

fi
ed

 w
it

h
in

 a
 h

ie
ra

rc
h

ic
al

ly
 o

rg
an

iz
ed

 

sy
st

em
 i

n
 1

8
 f

o
o

d
 g

ro
u

p
s.

 F
o

r 
fo

o
d

 i
te

m
s,

 8
0

0
 

p
h

o
to

g
ra

p
h

s 
ar

e 
p

ro
v

id
ed

 a
n

d
 a

d
o

le
sc

en
ts

 c
an

 m
o

d
if

y
 

th
e 

st
an

d
ar

d
 s

er
v

in
g

 s
iz

e 
p
re

se
n

te
d

 (
m

o
re

/l
es

s)
 o

r 
ty

p
e 

in
 a

 t
ex

t 
b

o
x

. 
F

o
r 

d
ri

n
k

s 
it

 i
s 

p
o

ss
ib

le
 t

o
 s

el
ec

t 
a 

g
la

ss
 

o
r 

a 
cu

p
. 
 

M
ea

n
 a

g
e:

 1
3

.3
 y

ea
rs

 

V
al

id
at

o
r:

 1
-d

ay
 F

R
  

S
tu

d
y

 2
 

n
 =

 1
0

1
 a

d
o

le
sc

en
ts

 

M
ea

n
 a

g
e:

 1
2

.4
 y

ea
rs

 

V
al

id
at

o
r:

 2
4
-h

 D
R

 i
n

te
rv

ie
w

  

R
es

u
lt

s:
 

S
tu

d
y

 1
 

M
at

ch
es

 =
 9

0
%

; 
In

tr
u

si
o

n
s 

=
 5

%
; 

O
m

is
si

o
n

s 
=

 5
%

 

S
tu

d
y

 2
 

M
at

ch
es

 =
 8

9
%

; 
In

tr
u

si
o

n
s 

=
 5

%
; 

O
m

is
si

o
n

s 
=

 6
%

 

S
y

n
ch

ro
n

is
ed

 

N
u

tr
it

io
n

 a
n

d
 

A
ct

iv
it

y
 P

ro
g
ra

m
 

(S
N

A
P

) 
(8

9
) 

U
K

 
7

-1
5
  

S
el

f-
ad

m
in

is
te

re
d

 w
eb

-b
as

ed
 s

y
st

em
 t

o
 m

ea
su

re
 f

o
o

d
 

b
eh

av
io

u
rs

 a
n

d
 p

h
y

si
ca

l 
ac

ti
v

it
y
 o

v
er

 t
h

e 
la

st
 2

4
-h

o
u
rs

. 

F
o

o
d
 (

n
 =

 4
0

),
 d

ri
n

k
 (

n
 =

 9
) 

an
d

 a
ct

iv
it

y
 p

ic
tu

re
s 

(n
 =

 

2
9

) 
ar

e 
p

ro
v

id
ed

. 
F

o
o
d

s 
an

d
 d

ri
n

k
s 

ar
e 

an
al

y
se

d
 b

y
 

co
u

n
ts

 (
th

e 
n
u

m
b

er
 o

f 
ti

m
es

 a
 p

ar
ti

cu
la

r 
fo

o
d

/d
ri

n
k

 i
s 

se
le

ct
ed

).
 A

ct
iv

it
ie

s 
ar

e 
an

al
y
se

d
 b

y
 t

ra
n

sp
o

rt
 

ac
ti

v
it

ie
s,

 d
u

ra
ti

o
n

 a
n

d
 i

n
te

n
si

ty
. 

M
et

h
o

d
s:

  

n
 =

1
2

1
 c

h
il

d
re

n
 a

n
d

 a
d

o
le

sc
en

ts
 

M
ea

n
 a

g
e:

 1
0

.7
 y

ea
rs

 

V
al

id
at

o
r:

 2
4
-h

 D
R

 i
n

te
rv

ie
w

 b
as

ed
 o

n
 m

u
lt

ip
le

 p
as

s 

m
et

h
o

d
 &

 a
cc

el
er

o
m

et
er

s 
(2

 d
ay

s)
  

R
es

u
lt

s:
  

S
N

A
P

 u
n

d
er

es
ti

m
at

ed
 d

ie
ta

ry
 i

n
ta

k
e 

b
eh

av
io

u
r 

b
y

 ±
1
 

co
u

n
t 

an
d

 m
o

d
er

at
e 

to
 v

ig
o

ro
u

s 
ac

ti
v

it
ie

s 
<

4
 m

in
. 

T
im

e 
to

 c
o

m
p

le
te

 S
N

A
P

: 
1

5
-4

0
 m

in
. 

 

W
eb

-S
u

rv
ey

 o
f 

p
h

y
si

ca
l 

A
ct

iv
it

y
 a

n
d
 

C
an

ad
a 

1
1
-1

5
  

S
el

f-
ad

m
in

is
te

re
d

 w
eb

-b
as

ed
 s

y
st

em
 b

as
ed

 o
n

 m
u

lt
ip

le
 

p
as

s 
2
4

-h
 D

R
. 
F

ir
st

, 
fo

o
d

 c
o

n
su

m
ed

 i
s 

se
le

ct
ed

 a
n

d
 

M
et

h
o

d
s:

 

n
 =

 4
5

9
 a

d
o

le
sc

en
ts

 

33 



M
et

h
o
d

 
C

o
u

n
tr

y
 o

f 

o
ri

g
in

 

T
a
rg

et
 a

g
e 

(y
ea

rs
) 

A
p

p
ro

a
ch

 
V

a
li

d
a

ti
o

n
 s

tu
d

y
 

N
u

tr
it

io
n

 (
W

eb
-

S
P

A
N

) 
(1

2
0

) 

af
te

rw
ar

d
s 

th
e 

ap
p

ro
p

ri
at

e 
p

o
rt

io
n

 s
iz

e.
 A

d
o

le
sc

en
ts

 a
re

 

ab
le

 t
o

 a
d

d
 o

r 
d

el
et

e 
it

em
s 

at
 a

n
y

 t
im

e 
u

si
n
g

 a
 v

ir
tu

al
 

m
ea

l 
p

la
te

 a
n

d
 m

ea
l 

su
m

m
ar

y
 f

ea
tu

re
s.

  

M
ea

n
 a

g
e:

 1
2

.8
 y

ea
rs

 

V
al

id
at

o
r:

 3
-d

ay
 F

R
 (

in
cl

u
d

in
g

 1
 w

ee
k

en
d

 d
ay

) 
 

R
el

ia
b

il
it

y
 t

es
t:

 a
d
o

le
sc

en
ts

 c
o

m
p

le
te

d
 w

eb
-S

P
A

N
 t

w
ic

e 

an
 a

v
er

ag
e 

o
f 

8
 d

ay
s 

ap
ar

t 
 

R
es

u
lt

s:
 

W
eb

-S
P

A
N

 v
s.

 3
-d

a
y

 F
R

 

F
o

r 
to

ta
l 

en
er

g
y

 a
n

d
 s

el
ec

te
d

 n
u

tr
ie

n
ts

b
, 
IC

C
 w

as
 i

n
 t

h
e 

ra
n

g
e 

0
.2

4
-0

.4
0

 a
n

d
 c

o
rr

el
at

io
n

s 
w

er
e 

w
ea

k
 (

0
.2

4
-0

.3
9

).
 

R
el

ia
b

il
it

y
 t

es
t 

F
o

r 
to

ta
l 

en
er

g
y

 a
n

d
 s

el
ec

te
d

 n
u

tr
ie

n
ts

b
, 
IC

C
 w

as
 i

n
 t

h
e 

ra
n

g
e 

0
.3

8
-0

.6
4

 a
n

d
 c

o
rr

el
at

io
n

s 
w

er
e 

st
ro

n
g

er
 f

o
r 

m
ac

ro
n

u
tr

ie
n

ts
 (

0
.5

5
-0

.6
2

) 
th

an
 f

o
r 

m
ic

ro
n

u
tr

ie
n

ts
 (

0
.3

8
-

0
.6

2
).

 

S
el

f-
C

o
m

p
le

te
d

 

R
ec

al
l 

an
d

 A
n
al

y
si

s 

o
f 

N
u

tr
it

io
n

 

(S
C

R
A

N
2

4
) 

(9
4
) 

U
K

 
≥

1
1
  

S
el

f-
ad

m
in

is
te

re
d

 o
n

li
n

e 
2

4
-h

 D
R

 b
as

ed
 o

n
 m

u
lt

ip
le

 

p
as

s 
m

et
h

o
d

. 
S

C
R

A
N

2
4

 h
as

 t
h

e 
fo

ll
o
w

in
g

 s
tr

u
ct

u
re

: 
1

) 

Q
u

ic
k

 l
is

t 
(a

 m
ea

l-
b

as
ed

 s
tr

u
ct

u
re

 w
it

h
 m

ea
ls

 a
n
d

 

sn
ac

k
s 

o
rd

er
ed

 c
h
ro

n
o

lo
g

ic
al

ly
 t

h
ro

u
g
h

o
u

t 
th

e 
d

ay
 

fr
o

m
 t

h
e 

to
p

 o
f 

th
e 

p
ag

e 
to

 t
h

e 
b

o
tt

o
m

);
 2

) 
F

in
d

in
g

 

fo
o
d

s 
(f

re
e 

te
x

t 
se

ar
ch

 o
n

ly
);

 3
) 

P
o

rt
io

n
 s

iz
e 

(2
0
5

5
 

im
ag

es
 o

f 
1

0
4

 f
o

o
d

s.
 T

h
e 

im
ag

es
 a

re
 u

se
d

 f
o

r 

es
ti

m
at

io
n

 o
f 

th
e 

am
o

u
n

t 
o

f 
fo

o
d

 s
er

v
ed

 a
n
d

 t
h

e 

am
o

u
n

t 
le

ft
o
v

er
, 

if
 a

n
y
);

 4
) 

T
im

e 
al

lo
ca

ti
o

n
 (

ti
m

el
in

e 

M
et

h
o

d
s:

 

n
 =

 3
8

 a
d

o
le

sc
en

ts
 a

n
d

 t
h

ei
r 

p
ar

en
ts

 

A
g

e:
 1

1
-1

6
 y

ea
rs

  

V
al

id
at

o
r:

 1
-d

ay
 F

R
 (

k
ep

t 
b

y
 p

ar
en

ts
 w

it
h

 i
n
p

u
t 

fr
o

m
 t

h
e 

ch
il

d
) 

 

R
es

u
lt

s:
 

M
at

ch
es

 =
 5

3
%

 (
1

5
%

 a
p

p
ro

x
im

at
e 

m
at

ch
);

 I
n

tr
u

si
o
n

s 
=

 

6
%

; 
O

m
is

si
o

n
s 

=
 2

6
%

 

T
h

er
e 

w
as

 a
 t

en
d

en
cy

 t
o
 u

n
d

er
es

ti
m

at
e 

en
er

g
y
 i

n
ta

k
e 

b
y

 

34 



M
et

h
o
d

 
C

o
u

n
tr

y
 o

f 

o
ri

g
in

 

T
a
rg

et
 a

g
e 

(y
ea

rs
) 

A
p

p
ro

a
ch

 
V

a
li

d
a

ti
o

n
 s

tu
d

y
 

m
et

h
o

d
);

 5
) 

P
ro

m
p

ts
 a

n
d

 p
ro

b
es

 (
m

em
o

ry
 c

u
es

 t
o

 a
id

 

re
ca

ll
).

 

2
0

%
. 

T
im

e 
to

 c
o

m
p

le
te

 S
C

R
A

N
2
4

: 
2
5

-3
0

 m
in

. 

W
eb

-b
as

ed
 D

ie
ta

ry
 

A
ss

es
sm

en
t 

S
o
ft

w
ar

e 

fo
r 

C
h

il
d

re
n

 

(W
eb

D
A

S
C

) 

(8
8

,1
2

1
,1

2
2

) 

D
en

m
ar

k
 

8
-1

1
  

S
el

f-
ad

m
in

is
te

re
d

 w
eb

-b
as

ed
 2

4
-h

 D
R

. 
C

h
il

d
re

n
 a

re
 

g
u

id
ed

 t
h
ro

u
g

h
 6

 e
at

in
g

 o
cc

as
io

n
s 

an
d

 i
n

q
u

ir
ed

 a
b

o
u

t 

fo
o
d

 e
at

en
 a

t 
a 

g
iv

en
 m

ea
l,

 s
p

o
rt

s 
an

d
 s

o
ci

al
 a

ct
iv

it
ie

s 

at
 s

n
ac

k
 t

im
es

 b
y

 a
n

 a
n

im
at

ed
 a

rm
ad

il
lo

. 
T

h
er

e 
ar

e 
fi

v
e 

se
ar

ch
 s

tr
at

eg
ie

s 
fo

r 
fo

o
d

s 
re

p
o

rt
ed

: 
1

) 
C

at
eg

o
ry

-b
as

ed
 

ap
p

ro
ac

h
 t

o
 l

o
ca

te
 i

te
m

s:
 2

3
 m

ai
n

 c
at

eg
o

ri
es

, 
1

6
0

 s
u

b
-

ca
te

g
o

ri
es

 a
n

d
 1

3
0

0
 f

o
o
d

 l
is

t 
te

rm
s;

 2
) 

C
o
p

y
 m

ea
l 

fu
n

ct
io

n
 (

al
lo

w
in

g
 c

h
il

d
re

n
 t

o
 s

el
ec

t 
th

e 
sa

m
e 

fo
o

d
s 

p
re

v
io

u
sl

y
 r

ep
o

rt
ed

 f
o

r 
a 

m
ea

l 
en

te
re

d
 t

h
e 

d
ay

 b
ef

o
re

);
 

3
) 

F
re

e 
te

x
t 

se
ar

ch
 (

lo
ca

te
 a

ll
 f

o
o

d
 l

is
t 

te
rm

s)
; 

4
) 

A
 

st
ar

ts
 w

it
h

 s
ea

rc
h

 (
lo

ca
te

 f
o

o
d

 l
is

t 
te

rm
s 

th
at

 s
ta

rt
 w

it
h

 

th
e 

sa
m

e 
sp

el
li

n
g

);
 5

) 
T

y
p

e 
in

 a
n

sw
er

 t
o

 r
ep

o
rt

 t
y
p

e 

an
d

 a
m

o
u

n
t 

o
f 

it
em

s 
n

o
t 

fo
u

n
d

 i
n
 t

h
e 

fo
o

d
 l

is
t.

 

F
o

r 
p
o

rt
io

n
 s

iz
e 

es
ti

m
at

io
n

 t
h
er

e 
ar

e 
3

2
0

 p
h

o
to

 s
er

ie
s 

(e
ac

h
 p

o
rt

io
n

 s
iz

e 
se

ri
es

 c
o

n
si

st
s 

o
f 

4
 d

ig
it

al
 i

m
ag

es
) 

an
d

 2
5

 p
h

o
to

s 
fo

r 
sm

al
l-

p
re

p
ac

k
ed

 f
o

o
d

 i
te

m
s.

 

M
et

h
o

d
s:

 

n
 =

 8
1

 c
h

il
d

re
n

 a
ss

is
te

d
 b

y
 p

ar
en

ts
 

M
ea

n
 A

g
e:

 1
0

.3
 y

ea
rs

 

V
al

id
at

o
r:

 s
ch

o
o

l 
lu

n
ch

 o
b

se
rv

at
io

n
s;

 f
as

ti
n

g
 b

lo
o

d
 

sa
m

p
le

s 
(p

la
sm

a 
ca

ro
te

n
o

id
);

 a
cc

el
er

o
m

et
er

s 

W
eb

D
A

S
C

 w
as

 c
o

m
p

le
te

d
 e

v
er

y
 e

v
en

in
g

 d
u
ri

n
g

 7
 

co
n

se
cu

ti
v

e 
d

ay
s 

(a
t 

le
as

t 
3

 w
ee

k
d

ay
s 

an
d

 1
 w

ee
k

en
d

).
 

F
as

ti
n

g
 b

lo
o

d
 s

am
p

le
s 

(p
la

sm
a 

ca
ro

te
n
o

id
) 

w
as

 

co
m

p
ar

ed
 w

it
h
 F

V
J 

in
ta

k
e 

b
y

 W
eb

D
A

S
C

. 

R
es

u
lt

s:
 

W
eb

D
A

S
C

 v
s.

 S
ch

o
o

l 
lu

n
ch

 o
b

se
rv

a
ti

o
n

s 

M
at

ch
es

 =
 8

2
%

; 
In

tr
u

si
o

n
s 

=
 1

4
%

; 
O

m
is

si
o

n
s 

=
 3

%
; 

F
au

lt
s 

=
 1

%
 

F
V

J
 i

n
ta

k
e 

b
y

 W
eb

D
A

S
C

 v
s.

 P
la

sm
a
 c

a
ro

te
n

o
id

 

F
V

J 
in

ta
k

e 
co

n
tr

ib
u

te
d

 o
n

 a
v

er
ag

e 
8

9
%

 o
f 

es
ti

m
at

ed
 

ca
ro

te
n

o
id

 i
n

ta
k

e.
  

S
p

ea
rm

an
 c

o
rr

el
at

io
n

 =
 0

.5
8
 

W
eb

D
A

S
C

 v
s.

 A
cc

el
er

o
m

et
er

s 

A
t 

g
ro

u
p

 l
ev

el
, 
n

o
 d

if
fe

re
n

ce
s 

w
er

e 
fo

u
n

d
 b

et
w

ee
n

 E
I 

an
d

 T
E

E
 (

-0
.0

2
 M

J/
d

ay
).

 A
t 

in
d

iv
id

u
al

 l
ev

el
, 

d
at

a 

35 



M
et

h
o
d

 
C

o
u

n
tr

y
 o

f 

o
ri

g
in

 

T
a
rg

et
 a

g
e 

(y
ea

rs
) 

A
p

p
ro

a
ch

 
V

a
li

d
a

ti
o

n
 s

tu
d

y
 

sh
o

w
ed

 s
u

b
st

an
ti

al
 v

ar
ia

ti
o
n

 i
n

 a
cc

u
ra

cy
. 

T
im

e 
to

 c
o

m
p

le
te

 W
eb

D
A

S
C

: 
3

5
 m

in
 o

n
 t

h
e 

fi
rs

t 
ti

m
e 

an
d

 1
5

 m
in

 o
n

 t
h

e 
fo

ll
o
w

in
g

 d
ay

s.
 

A
u

to
m

at
ed

 S
el

f 

A
d

m
in

is
te

re
d

 2
4

T
M

-

K
id

s 
(A

S
A

2
4

-K
id

s)
 

(1
2
3

) 

U
S

A
 

≥
 1

0
  

S
el

f-
ad

m
in

is
te

re
d

 2
4

-h
 D

R
. 
A

S
A

2
4

-K
id

s-
2

0
1

2
 w

as
 

ad
ap

te
d

 f
ro

m
 a

n
 a

d
u

lt
 v

er
si

o
n

 (
1

2
4

) 
an

d
 i

n
cl

u
d

ed
 

d
et

ai
le

d
 p

ro
b

es
 a

n
d

 u
p

 t
o

 8
 f

o
o

d
 i

m
ag

es
 i

n
 

p
ro

g
re

ss
iv

el
y
 l

ar
g

er
 s

iz
es

 f
o

r 
p

o
rt

io
n

 s
iz

e 
es

ti
m

at
io

n
. 

A
n

 a
v

at
ar

 g
u

id
es

 t
h

e 
re

sp
o

n
d
en

t 
th

ro
u
g

h
 m

u
lt

ip
le

 

p
as

se
s.

 

M
et

h
o

d
s:

 

S
tu

d
y

 1
: 

A
S

A
2

4
-K

id
s 

&
 2

4
-h

 D
R

 v
s.

 S
ch

o
o

l 
lu

n
ch

 

o
b

se
rv

a
ti

o
n

s 

n
 =

 3
8

 a
d

o
le

sc
en

ts
 

A
g

e:
  
9
-1

1
 y

ea
rs

 

V
al

id
at

o
r:

 s
ch

o
o

l 
lu

n
ch

 o
b

se
rv

at
io

n
s 

S
tu

d
y

 2
: 

A
S

A
2

4
-K

id
s 

&
 2

4
-h

 D
R

 v
s.

 D
in

n
er

 

o
b

se
rv

a
ti

o
n

 

n
 =

 3
1

 a
d

o
le

sc
en

ts
 

A
g

e:
  
9
-1

1
 y

ea
rs

 

V
al

id
at

o
r:

 d
in

n
er

 o
b

se
rv

at
io

n
s 

R
es

u
lt

s:
 

S
tu

d
y

 1
: 

A
S

A
2

4
-K

id
s 

&
 2

4
-h

 D
R

 v
s.

 S
ch

o
o

l 
lu

n
ch

 

o
b

se
rv

a
ti

o
n

s 

M
at

ch
es

 =
 3

7
%

 &
 5

7
%

; 
In

tr
u

si
o
n

s 
=

 2
7

%
 &

 2
0

%
; 

O
m

is
si

o
n

s 
=

 3
5

%
 &

 2
3

%
 (

A
S

A
2

4
-K

id
s 

&
 2

4
-h

 D
R

, 

re
sp

ec
ti

v
el

y
) 

S
tu

d
y

 2
: 

A
S

A
2

4
-K

id
s 

&
 2

4
-h

 D
R

 v
s.

 D
in

n
er

 

o
b

se
rv

a
ti

o
n

s 

36 



M
et

h
o
d

 
C

o
u

n
tr

y
 o

f 

o
ri

g
in

 

T
a
rg

et
 a

g
e 

(y
ea

rs
) 

A
p

p
ro

a
ch

 
V

a
li

d
a

ti
o

n
 s

tu
d

y
 

M
at

ch
es

 =
 5

3
%

 &
 7

6
%

; 
In

tr
u

si
o
n

s 
=

 1
2

%
 &

 9
%

; 

O
m

is
si

o
n

s 
=

 3
6

%
 &

 1
5

%
 (

A
S

A
2

4
-K

id
s 

&
 2

4
-h

 D
R

, 

re
sp

ec
ti

v
el

y
) 

T
im

e 
to

 c
o

m
p

le
te

 A
S

A
2

4
-K

id
s:

 1
2

-5
8

 m
in

 (
m

ea
n

 3
4

 

m
in

) 

T
im

e 
to

 c
o

m
p

le
te

 2
4

-h
 D

R
: 

6
-3

5
 m

in
 (

m
ea

n
 2

0
 m

in
) 

F
o

o
d

 I
n

ta
k

e 
an

d
 

P
h

y
si

ca
l 

A
ct

iv
it

y
 o

f 

S
ch

o
o

l 
C

h
il

d
re

n
 

(C
A

A
F

E
) 

(9
0
) 

B
ra

zi
l 

7
-1

0
  

S
el

f-
ad

m
in

is
te

re
d

 2
4

-h
 D

R
 a

n
d

 p
h

y
si

ca
l 

ac
ti

v
it

y
 r

ec
al

l.
 

T
h

e 
fo

o
d

 c
o

n
su

m
p

ti
o

n
 s

ec
ti

o
n

 i
s 

d
iv

id
ed

 i
n

to
 6

 m
ea

ls
 

(b
re

ak
fa

st
, 

m
o

rn
in

g
 s

n
ac

k
, 

lu
n

ch
, 

af
te

rn
o

o
n

 s
n

ac
k

, 

d
in

n
er

 a
n

d
 s

u
p
p

er
).

 F
o

r 
ea

ch
 m

ea
l,

 3
2

 i
m

ag
es

 o
f 

fo
o

d
 

o
r 

d
ri

n
k

s 
ar

e 
p

re
se

n
te

d
 o

n
 t

h
e 

co
m

p
u

te
r 

sc
re

en
. 

A
n

 

av
at

ar
 i

n
 t

h
e 

fo
rm

 o
f 

a 
ro

b
o

t 
g

u
id

es
 t

h
e 

ch
il

d
 w

h
en

 

co
m

p
le

ti
n

g
 t

h
e 

q
u

es
ti

o
n

n
ai

re
, 
ex

p
la

in
in

g
 t

h
e 

co
n

ce
p

t 
o

f 

ea
ch

 m
ea

l 
an

d
 t

h
e 

ti
m

e 
o

f 
d

ay
 a

t 
w

h
ic

h
 i

t 
is

 c
o

n
su

m
ed

. 

M
et

h
o

d
s:

 

n
 =

 6
0

2
 c

h
il

d
re

n
 

M
ea

n
 a

g
e:

 9
.5

 y
ea

rs
 

V
al

id
at

o
r:

 s
ch

o
o

l 
lu

n
ch

 o
b

se
rv

at
io

n
s 

C
h

il
d

re
n

 w
er

e 
in

st
ru

ct
ed

 t
o

 c
o

m
p

le
te

 a
 7

-d
ay

 F
R

 

p
re

v
io

u
sl

y
 a

n
d

 t
o

 t
ak

e 
it

 t
o

 t
h

e 
co

m
p

u
te

r 
ro

o
m

, 
in

 c
as

e 

th
ey

 w
is

h
ed

 t
o

 c
o

n
su

lt
 t

h
ei

r 
F

R
. 

R
es

u
lt

s:
 

M
at

ch
es

 =
 4

3
%

; 
In

tr
u

si
o

n
s 

=
 2

9
%

; 
O

m
is

si
o

n
s 

=
 2

8
%

 

T
h

er
e 

w
er

e 
d

ec
re

as
ed

 o
m

is
si

o
n

s 
am

o
n

g
 c

h
il

d
re

n
 w

h
o

 

co
m

p
le

te
d

 t
h

e 
F

R
 a

n
d

 i
n

cr
ea

se
d

 c
h

il
d

re
n

’s
 m

at
ch

es
 t

h
at

 

h
av

e 
a 

co
m

p
u

te
r 

at
 h

o
m

e.
 

M
at

ch
es

: 
fo

o
d

 i
te

m
s 

re
p

o
rt

ed
 i

n
 b

o
th

 m
et

h
o

d
s 

b
ei

n
g

 c
o

m
p

ar
ed

. 

In
tr

u
si

o
n

s:
 f

o
o

d
 i

te
m

s 
re

p
o

rt
ed

 i
n

 t
h

e 
te

st
 m

et
h

o
d

 b
u

t 
n

o
t 

in
 t

h
e 

v
al

id
at

o
r.

 

O
m

is
si

o
n

s:
 f

o
o

d
 i

te
m

s 
re

p
o

rt
ed

 i
n

 t
h

e 
v

al
id

at
o

r 
b

u
t 

n
o

t 
in

 t
h

e 
te

st
 m

et
h

o
d

. 

F
au

lt
s:

 f
o

o
d

 i
te

m
s 

re
p

o
rt

ed
 e

at
en

 d
o

es
 n

o
t 

d
es

cr
ib

e 
th

e 
it

em
 o

b
se

rv
ed

 e
at

en
. 

a  ‘
b
o

g
u

s 
p

ip
el

in
e’

: 
in

fo
rm

s 
ch

il
d

re
n

 t
h

at
 t

h
er

e 
is

 a
n

o
th

er
 m

et
h

o
d

 o
f 

as
ce

rt
ai

n
in

g
 t

h
e 

tr
u
th

 o
f 

a 
ch

il
d

’s
 s

el
f-

re
p
o

rt
 a

g
ai

n
st

 w
h

ic
h

 t
h
ei

r 
re

sp
o

n
se

 w
o

u
ld

 b
e 

co
m

p
ar

ed
, 

b
u

t 
th

e 
al

te
rn

at
iv

e 
as

se
ss

m
en

t 
is

 n
ev

er
 c

o
n

d
u

ct
ed

. 
 

b
 S

el
ec

te
d

 n
u

tr
ie

n
ts

: 
ca

rb
o

h
y
d

ra
te

, 
p

ro
te

in
, 
fa

t,
 f

ib
re

, 
v

it
am

in
 A

, 
v

it
a
m

in
 C

, 
ir

o
n

, 
n

ia
ci

n
, 

zi
n
c,

 c
al

ci
u

m
, 

v
it

a
m

in
 D

 

U
S

A
, 

U
n

it
ed

 S
ta

te
s 

o
f 

A
m

er
ic

a;
 2

4
-h

 D
R

, 
2

4
-h

 d
ie

ta
ry

 r
ec

al
l;

 F
R

, 
fo

o
d

 r
ec

o
rd

; 
IC

C
, 
in

tr
a 

cl
as

s 
co

rr
el

at
io

n
; 

U
K

, 
U

n
it

ed
 K

in
g

d
o

m
; 

F
V

J,
 f

ru
it

, 
v
eg

et
ab

le
 a

n
d

 j
u
ic

e;
 E

I,
 e

n
er

g
y
 i

n
ta

k
e;

 T
E

E
, 
to

ta
l 

en
er

g
y
 e

x
p

en
d
it

u
re

37 



38 

1.4 Validation of dietary assessment methods 

 

Collecting an absolutely accurate record of intake may be impossible because of 

subject’s cognitive skills (72). For validity purposes, it is important to accept the 

limitations of any kind of method of measuring dietary intake in children. Three 

concepts are fundamental to understanding the limitations of dietary assessment: 

habitual intake, validity (accuracy) and precision (125).  

 

The habitual intake of an individual is the individual’s intake averaged over a prolonged 

period of time assuming that intake varies widely from day to day. A valid (or accurate) 

report is one that measures the true intake during the period of study, representing all 

the foods and drinks consumed on a specific day. Poor validity derives from systematic 

errors (bias) in the reporting of food intake. A precise technique is one that yields the 

same answer on repeat administrations. Poor precision derives from large random errors 

in the techniques of dietary assessment. When assessing diet intake it is important to 

identify and quantify sources of potential errors. The knowledge gained from validation 

studies can be used to minimize errors through design of the study and analyses of the 

data. Newly developed tools should be tested for validity and reliability.  

 

1.4.1 Validity 

 

Validity is the extent to which a measurement tool assesses the true dietary intake. It 

refers to the accuracy of measurement. A variable’s validity reflects the extent to which 

it measures what it is intended to measure (126).  

 

1.4.1.1 Content validity 

 

Content validity indicates whether a particular measure covers all dimensions present in 

the concept intended to reflect. According to Hill and Magalhães Hill (127), the 

assessment of content validity involves four steps: 1) a literature review to write a list of 

all components of the variable under study; 2) a list of all aspects for each component; 

3) a list of all relevant items to measure each aspect; 4) a comparison of the 

questionnaire items with the list of items written in the step 3. When the items of the 

questionnaire form a relatively representative sample of items written in step 3, we can 

assume that the questionnaire is valid for appropriate content. This is a subjective 
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measure, and there are no statistical tools to determine whether a variable has content 

validity. 

 

1.4.1.2 Criterion and Relative Validity 

 

Criterion validity is the highest standard of validity, capturing the extent to which a 

measure accurately reflects the exact concept it is intended to reflect. To determine a 

measure’s criterion validity, a perfect indicator of the target concept is needed – a ‘gold 

standard’.  

 

Relative validity, by contrast, is determined by comparing a test method with a 

reference method where the reference method has a greater degree of demonstrated 

validity, even if not an exact measure of the underlying concept. In designing a strategy 

for assessing relative validity, two key design considerations are critical. First, both the 

test method and reference method must measure the same underlying concept over the 

same period of time. Second, measurement error from the test method and from the 

reference method should be independent.  

 

Three different ways of understanding a measure’s validity are described below: 

 

Recovery biomarkers 

Although recovery biomarkers reflect total absolute intake over a defined time, they 

only provide information on limited aspects of diet. They include DLW to assess energy 

intake (EI), urinary nitrogen excretion to assess protein intake, urinary potassium 

excretion to assess potassium intake, urinary sodium excretion to assess sodium intake, 

and finally, urinary sucrose and fructose excretion to assess sucrose intake (128).  

 

Among these different biomarkers, the DLW technique is an example of a biomarker 

that can be used to validate self-reporter EI (129). Some authors consider the DLW as 

the ‘gold standard’ for the measurement of total energy expenditure (TEE) in children 

(36). The error of the DLW technique is independent of self-reported intake error, thus 

allowing true reporting bias to be detected. This method involves the administration of 

water containing enriched quantities of the stable isotopes deuterium (
2
H) and oxygen-

18 (
18

O). The term doubly comes from the fact that both the hydrogen and the oxygen of 
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water are labeled. The oxygen-18 is eliminated from the body in the form of carbon 

dioxide (C
18

O2) and water (H2
18

O), and the deuterium is eliminated in water (
2
H2O). 

The difference in elimination rate between these two isotopes is a measure of carbon 

dioxide production. Carbon dioxide production can then be used to calculate TEE by 

use of standard equations for indirect calorimetry. Use of DLW as a biomarker of EI is 

based on the assumption of energy balance: under conditions of weight stability, EI and 

TEE are equivalent. During growth and development children are normally in positive 

energy balance.  

 

Validation studies using estimates of TEE by the DLW method as a biomarker of EI 

have conclusively demonstrated that much of the data is prone to bias, mostly through 

underreporting. The extent of underreporting of total EI varies among individuals and 

tends to increase with age (125). Burrows and colleagues (36) demonstrated in their 

systematic review that significant underreporting of EI was found for estimated and 

weighed FR (19%-41% and 11%-27% of estimated EI, respectively) and overreporting 

for AMPM 24-h DR (7-11% of estimated EI) and FFQ (>59% of estimated EI). They 

also found that misreporting associated with gender was not related specifically to any 

dietary assessment method or the reporter of intake.  

 

Bandini et al (130) found that reported EI was significantly lower than TEE in both 

nonobese and obese adolescents. Waling and Larsson (131) found that reported EI was 

underestimated by 14% when validated with DLW method but the underestimation did 

not differ between the children who were overweight and obese. Bornherst et al (132) 

evaluated the validity of proxy-reported EI by comparison with TEE measured by DLW 

in 4-10 years old children. They demonstrated an almost perfect agreement between EI 

and TEE in thin/normal weight children and a small mean difference (-86 kcal/day) in 

overweight/obese children.   

 

However, DLW does not give information about foods consumed to obtain EI and it 

cannot differentiate whether reporting errors are due to reports of the omitted items or 

intrusion items (72). Thus, equality of a person’s reported EI and his or her total TEE 

from DLW does not imply that the person reported the correct items and amounts; it 

would be possible to have such equality without a single reported item or amount being 

correct. DLW alone do not permit full investigation or understanding of the 
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complexities of dietary-reporting error. Furthermore, DLW requires urine samples and 

is expensive in terms of both administration and analysis (128). 

 

Concentration biomarkers 

Concentration biomarkers may be influenced by individual variability in absorption, 

availability and metabolism or use of supplements, and therefore they are correlated to 

but do not reflect total EI.  

 

Vitamin C, folic acid, carotenoids, and polyphenols have been used for fruit and 

vegetables consumption (121). Vitamin C may be less suitable because plasma 

concentrations may plateau with high intake of vitamin C. Furthermore, non-smoking, a 

lower BMI, higher physical activity, and higher whole grain consumption has been 

associated with higher plasma vitamin C concentrations. Folic acid has a lack of 

specificity because foods other than fruit and vegetables are also important sources of 

folic acid, such as cereals. The bioavailability of carotenoids differs with the type of 

food consumed and could be affected by cooking process and co-ingestion of other 

nutrients. Finally, for polyphenols there is currently substantial uncertainly about time 

integration and the performance as markers of vegetables consumption, since major 

sources of various phenolic compounds do not only include fruit and vegetables but also 

coffee, tea, dark chocolate and whole grains. 

 

Only a few validation studies using biomarkers as the reference method have been 

carried out with children (121,133,134). 

 

Direct Observations 

Simons-Morton and Baranowski (135) described direct observations as the ‘gold 

standard’ against which other measures can be compared. According to these authors 

unobtrusive observation provides a promising approach to assess the validity of self-

report measures because it is practical and economical in school/institutional settings, 

independent of the subject’s memory, and can provide accurate unbiased information 

about the subject’s actual intake. Moreover, errors in the measurement of self-reports 

and that recorded by an observer are likely to be independent. 

 

Observations of children eating school meals provide an excellent opportunity to 
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validate portions of children’s dietary recall, whereas observation in homes may be too 

intrusive (135). Foods eaten at school are important because a significant percentage of 

children’s total daily intake is consumed at school. Accuracy is defined as the extent to 

which the parts of the dietary method concerning school meals corresponded to what the 

child was observed to have eaten at school meals on the day about which the child was 

asked to report. Accuracy is assessed in terms of foods instead of kilocalories or 

nutrients because children report what they have eaten as foods, not kilocalories or 

nutrients. Reference information in most validation studies in which children have 

provided dietary recalls without parental assistance has been obtained by observing one 

or two school meals (86,91,93,123,135–140).  

 

1.4.2 Reliability  

 

Reliability refers to reproducibility of measurements (measurements give the same 

results when repeated under similar circumstances). Measurements are considered 

reliable if they are stable over time in stable subjects and are precise enough to detect 

differences.  

 

Test-retest reliability 

Test-retest reliability means that for a given individual, there are repeated values of the 

same measure of a given concept. The extent to which these repeated values of the 

measure for this subject are similar to another (or the correlation between these values) 

reflects the test-retest reliability of the measure. The usefulness of test-retest reliability 

depends on measurement costs, the feasibility of replicating the measure’s reference 

period, and the possibility of second measurement being influenced by the first 

measurement (126).  

 

Foods and drinks obtained from a 24-h DR cannot be used to measure test-retest 

reliability (126). A 24-h DR measures an individual’s dietary intake on a specific day 

and when a second 24-h DR is administered on the next day or 15 days apart, it will 

refer to foods and drinks consumed on a different day. Administering the first 24-h DR 

in the morning and the second in the afternoon could be a possible strategy to overcome 

this limitation (67). However, the problem would still remain because the responses 

from the second 24-h DR would be influenced by the responses obtained on the first 
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recall (assuming that children remember what they had previously reported). For a true 

indicator of test-retest reliability, the test and re-test should be independent and the 

results should not be influenced by the results of the initial test. 

 

Inter-observer reliability 

Inter-observer reliability (IOR) is a type of reliability used among direct observations. It 

assesses the concordance of two observers who simultaneously observe the same 

subject (141). Assessment of IOR is necessary to determine that the information 

collected does not depend on who conducted the observation and may be defined as at 

least 85% of agreement (135). Rigorous observational training is an imperative part of 

direct observation because it affects the accuracy and reliability of data recorded (138). 
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1.5 Aim of the thesis 

 

The review of the literature just presented previously in this chapter shows that accurate 

description of dietary intake among school-age children is critical for monitoring the 

nutritional status of children, examining associations between diet and health, and 

identifying dietary intake patterns and eating behaviours that are associated with 

unhealthy weight and weight gain over time.  

 

The 24-h DR is among the most accurate methods to estimate total energy and nutrient 

intakes in school-age children. There seems to be a fairly rapid increase in the ability of 

children to participate in unassisted recalls for foods eaten in the immediate past at 

around 7-8 years old. Traditional 24-h DRs are expensive and impractical for large-

scale research, because they rely on trained interviewers, and multiple administrations 

are needed to estimate habitual intakes.  

 

The application of technology to automate the more accurate 24-h DR is being 

conducted in multiple countries across the world, making them less expensive and 

easier to use. This could improve not only participation rates, but also the quality of data 

collected, because the lower burden of the method is less likely to impact on habitual 

intake. 

 

There is a need for the exploration of a less costly alternative to the dietitian-

administered 24-h DR to be used by school-age children in Portugal. This new 

alternative should provide accurate data by capturing children’s attention and displaying 

food images graphically to estimate portion size.  

 

My research sought to develop, validate and test a new web-based recall for dietary 

assessment in second-, third- or fourth-grade (7-10 years old) Portuguese children, the 

PAC24 (Portuguese self-administered computerised 24-hour dietary recall). 

 

Specific aims: 

1. To identify and select an extensive list of food and drink items for PAC24 

(Paper 1); 
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2. To understand how children organize their previous day’s food intake when 

trying to report it (Paper 1); 

 

3. To assess the content validity of PAC24 (Paper 3); 

 

4. To develop usability testing to obtain information about the performance of the 

PAC24 and to evaluate if PAC24 is adapted to the children’s cognitive abilities 

(Paper 3); 

 

5. To study the accuracy of PAC24 (Paper 2); 

 

6. To conduct a pilot study to check the feasibility of PAC24 in respect of 

procedures, methods and data processing (Paper 3). 
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2. Materials and methods 

 

The development, validation and pilot study of PAC24 followed an approach as 

illustrated in Figure 2-1. Ethical approval to conduct the study was obtained from the 

Ethics Committee of the Faculty of Medicine, University of Lisbon. 

 

 

 

Figure 2-1. Diagram illustrating the methodology used for the development, validation and pilot study of 

the Portuguese self-administered computerised 24-h dietary recall (PAC24) 

 

2.1 Portuguese self-administered computerised 24-hour dietary recall 

 

The PAC24
* 

comprises a software, designed for use with second-, third- or fourth-grade 

Portuguese children (7-10 years old), which uses interactive multimedia to facilitate a 

child’s self-report of diet by simulating an AMPM 24-h DR. PAC24 is intuitive and 

visual elements were carefully selected. It comprises five forms (FORM 1-5), each of 

one represented by a different colour. Colours were selected to reinforce the meaning 

and importance of each form.  

 

The FORM 1 (Figure 2-2) is the ‘child identity card’ where children provide their 

personal data (name, gender, age, school grade). 

                                                 
*
 For access, please send an email to macarvalho@campus.ul.pt for username and password. 

 

mailto:macarvalho@campus.ul.pt
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Figure 2-2. Child identity card (FORM 1), the Portuguese self-administered computerised 24-h dietary 

recall (PAC24) 

 

Then, the child is presented with an instruction box explaining what she or he is 

expected to do at the second stage. The FORM 2 (Figure 2-3) is the ‘food list’, where 

the child is asked about the meals and snacks she or he ate the previous day (first, the 

system asks for breakfast, then lunch, dinner and, finally, snacks). A search system 

(including spell check with many common misspellings of food names) then locates and 

displays foods automatically when similar correspondences are detected. Each meal has 

a box where children type in all of the foods and drinks they remember consuming on 

the previous day.  
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Figure 2-3. Food List (FORM 2), the Portuguese self-administered computerised 24-h dietary recall 

(PAC24) 

 

Before children pass to the FORM 3 (Figure 2-4), a ‘pop-up’ message asks children to 

think about forgotten food items (soup, fruit, sweets, cakes, gums, candies, lollipops, 

water, and soft drinks). Next, they are presented with an ‘incomplete food list’, which 

contains food items requiring further information on the types and portion sizes of 

foods/drinks consumed. In the ‘incomplete food list’ children can click on an item 

resulting in a request for type of food and portion size information.  

 

 

Figure 2-4. Incomplete and Complete Food List (FORM 3), the Portuguese self-administered 

computerised 24-h dietary recall (PAC24) 
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For the majority of foods recorded, the child is asked to identify the amount of food 

served, using seven food images (ranging from the 5th to 95th percentile of weight 

served to children in the UK NDNS (142) and the amount of food leftover, if any, using 

a selection form with seven food images (from the 5th percentile to the smallest 

presentable portion) to reflect the amount consumed (Figure 2-5). 

 

 

Figure 2-5. Seven food images for portion size selection (FORM 3), the Portuguese self-administered 

computerised 24-h dietary recall (PAC24) 

 

For foods that are usually served in predetermined amounts, a range of commonly 

consumed portion sizes is displayed in one photograph (Figure 2-6) and the child is 

asked to select one portion size and then is asked about how many servings she or he 

ate.  
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Figure 2-6. Food served in predetermined amounts for portion size selection (FORM 3), Portuguese self-

administered computerised 24-h dietary recall (PAC24) 

 

If no image is available for a specific food item, a description of the amount served and 

leftover is entered manually (Figure 2-7). 

 

 

Figure 2-7. Description of food served and leftover if no image is available (FORM 3), Portuguese self-

administered computerised 24-h dietary recall (PAC24) 

 

Once all details for consumed foods have been entered, the application prompts the 

child to provide the approximate time and place each meal or snack was consumed and 

also asks the child if she or he watched television or used a computer during meals 

(FORM 4) (Figure 2-8).  
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Figure 2-8. Time, Place and Television & Computer use (FORM 4), the Portuguese self-administered 

computerised 24-h dietary recall (PAC24) 

 

As a final check (FORM 5), the child is shown a summary of all food and drink items 

recorded throughout the day (Figure 2-9).  

 

 

Figure 2-9. Summary Form (FORM 5), the Portuguese self-administered computerised 24-h dietary 

recall (PAC24) 

 

If the child wants to correct or to add a forgotten item, there is a button that allows the 

child to return to FORM 3 at any time during the process. The food composition code 

and weight of all selected items are automatically allocated and stored. A database of 

380 food items is available. Food, energy and nutrient information is linked essentially 
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to the Portuguese food composition database (143). In a nutshell, the PAC24 is a web 

application, developed in PHP (Hypertext Preprocessor; http://php.net) and backed by a 

MySQL database (http://www.mysql.com/). User data are collected through a web 

interface, rendered on any Javascript enabled browser and, subsequently, exported to 

Excel format (Microsoft Corp., Redmond, WA, USA). 

 

2.2 Study population 

 

The study population included children from the second-, third- or fourth-grade (7-10 

years old). They were selected from elementary schools in Portugal. Schools were 

selected with the authorization and active collaboration of the Portuguese Ministry of 

Education from 2011 until 2013. The criteria for the inclusion of schools and children 

were different for each particular study of this thesis, namely: 1) Focus Groups (FG); 2) 

usability test; 3) accuracy of PAC24: school-lunch observations; 4) pilot study. Parents 

completed written informed consent forms (Appendix III), and assent was taken from 

children before they participated in these studies.  

 

Focus Groups 

Children were selected from seven schools from the seven regions of Portugal 

(including islands): North, Centre, Lisbon and Tagus Valley (LTV), Alentejo, Algarve, 

Madeira and Azores (March-September 2011). Schools were selected on basis of a 

convenience sampling process. The criteria for the inclusion of schools were: regional 

location of the school, covering second to fourth grades, and willingness to participate. 

Inside each school, participants were selected from class lists according to theoretical 

criteria (intentional sampling). According to these intentional criteria, FG were built up 

assuring homogeneity in terms of children’s grade and area of residence; also, 

heterogeneity for gender and social-economic status. Of all 210 invited children from 

second to fourth-grade, 6 did not provide written parental consent. 

 

Usability test 

The usability test included children from one primary school in LTV region, Portugal 

(April 2013). This school was selected on basis of a convenience sampling process. The 

criteria for the inclusion of the school were: located in LTV region, covering second to 

fourth grades, being a school with Internet access and with computers/laptops available 
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to children, and willingness to participate. Inside the school, participants were selected 

from class lists according to theoretical criteria (intentional sampling). All the 12 

children invited to participate in this study provide written parental consent. 

 

Accuracy of PAC24: school-lunch observations 

Children from two elementary schools in LTV region, Portugal, were asked to 

participate in the accuracy study (May-June 2013). Schools were selected using a 

purposive sampling. School inclusion criteria were: located in LTV region, covering 

second to fourth grades, being a school with Internet access and with computers/laptops 

available to children. The Portuguese Ministry of Education indicated three schools 

according to these inclusion criteria. Two agreed to participate (one of which was 

located in a lower income neighbourhood). In each school, children from second, third 

and fourth grades were randomly selected. Of all 56 invited children from second to 

fourth-grade, 12 did not provide written parental consent and data from 3 students were 

lost. 

 

Pilot study 

For the pilot study, children were recruited from one elementary school in LTV region, 

Portugal (November-December 2013). This school was selected using a purposive 

sampling. School inclusion criteria were: located in LTV region, covering second to 

fourth grades, being a school with Internet access and with computers/laptops available 

to children. In this school, one class from second, third and fourth grades 

were randomly selected. Children inclusion criteria included not having a physical, 

mental, or visual limitation that would inhibit computer use; being able to read and to 

use the computer; being able to read and write in Portuguese. Of all 55 invited children 

from second to fourth-grade, 3 did not provide written parental consent, 3 were not 

present on one of the scheduled school assessment days and 1 didn’t fit the inclusion 

criteria to be included in the study. 

 

 

2.3 Measures 

 

Literature Review 

A search strategy was undertaken to identify peer-reviewed studies published in the 

English and Portuguese language since 2000 using MEDLINE. Hand searching 
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journals, checking reference lists and contacting authors were also used as 

supplementary approaches to identify studies. This literature review was conducted with 

the main goals of examining the validity and reliability of dietary assessment methods 

used for school-aged children, evaluating the main measurement issues that may impact 

on reporting accuracy when assessing the dietary intake of children, defining the 

structure of food intake queries and building up the list of food and drink items used in 

PAC24, as well as the list of food categories created to group these items for data 

analysis. Keywords and combinations of these were used to search the databases 

comprehensively. These included: accuracy, children, cognition, computer, 

computerised 24-h DR, diet, dietary assessment, dietary intake, dietary surveys, 

feasibility, focus groups, memory, lunch observations, reliability, technology, validity, 

web-based, 24-h DR. The titles and abstracts of manuscripts were reviewed to assess 

eligibility for inclusion in this review. Abstracts provided key information that enabled 

to understand the scope, process and findings of each manuscript, and also to decide 

whether to read the full report or not. 

 

Focus Groups 

FG were carried out from March to September 2011. FG allow more abstract and in-

depth exploration of food and nutrition issues than is possible with less interactive data 

collection tools such as structured questionnaires. It also permits the gathering of a 

considerable amount of data/information in a reduced data-collection timeframe, 

allowing the collection of several individuals’ perspective as well. Therefore, these 

data-collection methods maximize the chances of gaining insight into how children refer 

to and speak about food-related habits and consumptions (144,145). 

 

All FG were conducted in school setting, in private classrooms. In each school, three 

FG sessions were conducted: each one with children from second, third and fourth 

grade, respectively (a mean of 10 children per FG). Most of the FG were conducted 

during the morning (90.5%). This was done because it has been reported that accuracy 

is improved by conducting interviews in the morning, when the target period is the 

previous day (146).  

 

FG were conducted and moderated by nutritionists and one psychologist, each lasting 

between 40 to 60 minutes. The same nutritionist conducted the FG in all regions, except 
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in Madeira and Azores regions, where FG were conducted by local nutritionists. Each 

nutritionist was trained in administering the same standardized questions to the children 

and was also informed about the objectives of the study. The psychologist conducted the 

first three sessions with the nutritionist and gave support in methodological issues about 

qualitative approaches directed to children. Topics for discussion were: 1) food 

consumption on the previous day, and 2) individual meanings and labelling of food 

items. 

 

Content validity 

In order to select a pool of all relevant items to measure food intake among Portuguese 

school-age children, and also, to adapt PAC24 to children’s cognitive abilities, a 

literature review and a qualitative approach through FG was conducted, as described 

previously. Furthermore, input from researchers from Newcastle and Durham 

Universities, UK, with a vast experience with computerised 24-h DR, SCRAN24 (94) 

and SNAP (89) respectively, was given (February 2012). 

 

Furthermore, five experts from different areas (a professor of paediatrics from Baylor 

College of Medicine (USA), a psychologist and a nutritionist from University of Lisbon 

(Portugal), a human-computer interaction expert from Catholic University of Portugal 

and a primary teacher, coordinator of a primary school in Portugal) participated in a 

face meeting during an afternoon to discuss and validate the content of PAC24 

(February 2013).  

 

Usability test 

The prototype of PAC24 was tested to identify acceptance and usability issues, after 

amendments made following the expert meeting (April 2013). Usability testing is a 

technique used to evaluate the interface adequacy of digital applications, in this case 

PAC24, by testing it. The main objectives of this test were to: 1) identify any usability 

problems; 2) collect quantitative data on participant’s performance (e.g. time to 

complete PAC24); 3) assess how easy/difficult it was to complete each FORM; 4) 

determine participants’ satisfaction with the application. 

 

Minimal instructions were provided and a ‘think aloud’ method (147) was encouraged. 

Participants were asked to verbalize what they were thinking while interacting with the 
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functional prototype to record their food intake. In the test, children completed typical 

tasks while a trained nutritionist-observer watched, listened and took notes. 

 

Accuracy of PAC24: school-lunch observations 

Data were collected by school lunch observations and PAC24 the day after (May-June 

2013). The target reference period for this study was midnight to midnight of the 

previous day. No incentives were provided to students for participating. 

 

One trained nutritionist and four trained nutrition science students conducted 

observations in the school cafeteria during usual school lunchtime. Two children were 

observed at the same table by one observer. Observers had school menus, but walked 

through the lunch line before the children arrived to assess whether what was served 

corresponded to what was on the menu and also to weigh the foods that would be served 

to children (Appendix IV). School lunches had several components: 1) soup as the first 

course, 2) meat or fish with rice, pasta, potatoes and/or pulses as the main course, 3) 

vegetables (lettuce, tomato or carrot), 4) fruit/dessert, 5) bread, and 6) water. All 

children had access to the same first and main course. Vegetables, fruit/dessert, bread 

and water were optional for all children because cooks only served these food items if 

children asked for them.  

 

Children received the same food portion size of each food, because food was served to 

children by the cooks. Each child under observation was identified unobtrusively by 

their teacher at the beginning of the lunch period. As the child left the school service 

line, the observer recorded the number and amount of each item on the child’s tray. The 

observer then positioned herself to clearly observe both children. During the meal, the 

observer recorded the amounts of all food traded (food obtained from or given to other 

children at the table) and any food spilled or dropped on the floor. At the end of the 

meal, the observer recorded the amount of each food left on the tray using kitchen scales 

(Vitalia, BC-200).  

Standard observation training procedures were employed (135). Eaten foods and 

respective amounts were recorded and correlated with later student response options on 

the PAC24. Using IOR procedures (141), during training and data collection, 

observations for the same student were compared across pairs of observers. IOR was 

calculated as the percentage of agreement between two observers (amount of 
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food/beverage items served and amount of food/beverage eaten). IOR had to exceed 

85% (IOR=86.9%), for data collection to proceed. 

 

PAC24 was conducted the day after lunch observations in a private location at school 

on a computer or laptop computer with Internet access (most PAC24s were conducted 

in the morning before lunch to enable observation of school lunch for the following 

day’s PAC24). PAC24 was completed by children who were observed the day before. 

During PAC24 administration, assistance was provided by one nutritionist to children 

who presented with questions such as: 1) how to spell a word; 2) what to do when the 

system didn’t recognize more than one food per line at the FORM2; 3) what to do when 

the system didn’t present exactly the same food in the portion size image as the child 

had reported consuming; 4) what to do if they didn’t know what time they ate meals.  

 

Pilot study 

A pilot study was conducted to check the feasibility in respect of procedures, methods 

and data processing (November-December 2013). Two non-consecutive days of PAC24 

were completed (73) in the morning with 15 days apart. Children were asked to 

complete PAC24 after a 15-minute explanation about PAC24, given by one nutritionist 

that provided assistance in completion of PAC24 for up to 10 children at one time. The 

nutritionist gave special attention to children who needed considerable help with writing 

and spelling.  

 

2.4 Data analysis 

 

Focus Groups 

FG were audiotaped and transcribed to ensure proper thematic content analysis. For 

each FG, the transcription was done by the researchers who participated in the 

moderation of FG. All FG registered content (full corpus) was merged and included in 

the analysis. Content analysis followed a thematic coding process. Each unit of meaning 

was considered as important as any other, no matter the frequency of its verbalization. 

This was done because the main goal was to gather terms and meaning about food 

items. The analysis was entirely performed by one of the researchers, with a-posteriori 

validation from the other researcher. After the coding process, the coded transcripts 

were cut apart; that is, each piece of material relevant to a particular issue or theme was 
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cut and pasted so that all material relevant to a particular topic was placed together 

(creating categories). As the data were qualitative in nature, only frequencies were used 

for food item selection purposes and no formal statistical tests were applied in the study. 

 

Accuracy of PAC24: school-lunch observations 

Lunch observations were used to validate the PAC24. The PAC24 covered a full 24h 

period, whereas school lunch observation only covered the previous day’s lunch 

consumption. Statistical weights were assigned to meal components to reflect their 

importance: combination entree (e.g. hamburger on bun) multiplied by 2, and remaining 

components (e.g. chicken, milk, apple, peas) multiplied by 1, so that errors in reporting 

entrees counted more than errors in reported sides and drinks (93,96,137,148). 

Condiments were not assessed, because condiments weren’t available to children during 

the lunch period.  

 

Nutritionists compared the sets of data by hand and assigned all foods by meal into the 

categories: matches (reported in both records being compared), intrusions (reported in 

the PAC24, but not by the validator), or omissions (reported in the validator, but not in 

the PAC24) for each individual separately. Because foods can be reported in many 

ways, items were scored as matches unless it was clear that the child’s recall did not 

describe an observed food. Examples of items observed and reported as matches were 

all types of milk (e.g. skim, semi-skim), and all types of vegetable soup (pea soup, 

spinach soup). Fruit, vegetables and breads that differed were not considered matches. 

Rates per student for each lunch were calculated for each of the three categories.  

 

In addition, to evaluate children’s accuracy of reported amounts, observed and reported 

amounts were scored in servings (0.0 = none, 0.1 = taste, 0.25 = little bit, 0.5 = half, 

0.75 = most, 1 = all, or the actual number of servings if more than 1) (93). Total 

innacuracy (total inaccuracy=(absolute difference between amounts reported and 

observed eaten for each match×statistical weight)+(each omitted amount×statistical 

weight)+(each intruded amount×statistical weight) summed over all items at school 

lunch for each child) was calculated as a measure that combined accuracy for reporting 

of items and amounts but it fails to indicate whether errors are due to omissions, 

intrusions, or incorrectly reported amounts. A total inaccuracy score of zero indicated a 

perfect recall compared to observation (137).  
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To analyze accuracy for reported amounts (in servings) for matches, arithmetic 

differences for matches (arithmetic differences for matches = {sum ([amount reported – 

amount observed for each match] x weight)} / (weighted number of matches)) and 

absolute differences for matches (absolute differences for matches = {sum ([absolute 

difference between amounts reported and observed for each match] x weight)} / 

(weighted number of matches)) were calculated between amounts observed and reported 

eaten; amounts for omissions (amounts for omissions = {sum ([amount observed but not 

reported for each omission] x weight)} / (weighted number of omissions)) and 

intrusions (amounts for intrusions ={sum ([amount not observed but reported for each 

intrusion] x weight)} / (weighted number of intrusions)) were also calculated to assess 

whether these errors in reporting involved small or large amounts of servings (137). 

Values close to zero for arithmetic and absolute differences for matches, and amounts 

for omissions and intrusions, represented high accuracy. 

 

For those food items which were correctly reported  (matches) the method of Bland and 

Altman (149) was used to assess the accuracy of estimates of food weight reported 

using PAC24 by calculating the ratio of estimated food weight  (by PAC24) to actual 

food weight intake as measured by the lunch observations. 

 

After cleaning and validation, data were converted and exported to a database for 

statistical analysis in SPSS (version 21). Differences between groups (gender and grade) 

were examined for percentage of foods matched, omitted and intruded and for total 

inaccuracy, arithmetic differences for matches, absolute differences for matches, 

amounts for omissions and amounts for intrusions. Variables were tested by gender and 

grade for normality. Percentage of foods omitted and intruded, and also total 

inaccuracy, amounts for omissions and amounts for intrusions were found to be highly 

positively skewed. The mean value between two independent samples was calculated 

using independent sample t-test. The non-parametric alternative was the Mann-Whitney 

Test. ANOVA was used to compare the mean values between more than two 

independent samples after testing for normality and homogeneity. The non-parametric 

alternative test was the Kruskal-Wallis test. A p-value<0.05 level was considered 

statistically significant. 

 



61 

Log transformations were applied to approximate normality. Accuracy of estimates of 

food weight using PAC24 was assessed by calculating the mean ratio of estimated 

weight to actual weight (1 indicated exact agreement of the two methods at the group 

level) and the limits of agreement were calculated as the mean ratio +/- 1.96 standard 

deviation (SD) to give a measure of precision. 

 

Pilot study 

The total energy and nutrient intakes were computed using the Portuguese food 

composition database. Descriptive analyses (mean values, standard deviations and 

percentages) of energy and nutrient intakes (protein, total fat, carbohydrate, fibre, 

calcium, sodium, potassium) were calculated. Variables were tested by gender and 

grade for normality. The mean value between two independent samples was calculated 

using an independent sample t-test. The non-parametric alternative was the Mann-

Whitney U-test. Analysis of variance was used to compare the mean values between 

more than two independent samples after testing for normality and homogeneity. The 

non-parametric alternative test was the Kruskal-Wallis test. Wilcoxon signed-rank tests 

were used to compare, on a group level, the intakes of 12 food groups (1) Cereals, 

cereal products and potatoes; 2) Fruit; 3) Vegetables; 4) Milk and dairy products; 5) 

Meat, fish and eggs; 6) Pulses, fresh and processed; 7) Oils and fats; 8) Beverages; 9) 

Sweet products; 10) Snacks and fast food; 11) Mixed dishes; 12) Miscellaneous), 

energy and nutrients (protein, total fat, carbohydrate, fibre, calcium, sodium, 

potassium). Statistical analyses were performed using SPSS (version 21). A p-value 

<0.05 level was considered as statistically significant. 
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3. Studies for the development of PAC24 

 

Development of a new computer program to assess dietary intake in Portuguese 

school-age children: a qualitative approach.
†
 

 

3.1 Introduction 

 

The burden of chronic diseases is rapidly increasing worldwide (11). Non-

communicable diseases (NCDs), including cardiovascular diseases, cancers, chronic 

respiratory diseases and diabetes, are the leading cause of death in the world, 

responsible for 63% of the 57 million deaths that occurred in 2008 (150). Almost half of 

chronic disease-related deaths are attributable to cardiovascular diseases (150). Obesity, 

and particularly childhood obesity, is also showing worrying trends, not only because it 

affects a large proportion of children – 19.3-49.0% of boys and 18.4-42.5% of girls in 

Europe are overweight (15) – but also because it is established earlier in life. These 

wide variations in overweight and obesity prevalence estimates, among primary school 

children from twelve European countries, suggest the presence of a north-south 

gradient, with the highest prevalence values found in southern European countries (15). 

In Portugal, data from the COSI-Portugal study showed that 37.9% of children were 

overweight and 15.3% were obese (17).  

 

Food and nutrition are important determinants of NCDs (151–153). Furthermore, 

children’s diets must be suitable to support normal, and sometimes very rapid, growth 

and development (154). What makes food intake a NCD risk factor instead of a health 

protecting factor is imbalances in variety, quality and quantity. This distinction is often 

very subtle and so difficult to assess. Therefore, for both clinical and research purposes, 

reliable ways of assessing dietary intake (including reliable and valid data collection 

instruments) are required so that children’s dietary intake can be effectively monitored 

(155). This is especially difficult to achieve for children of primary school age. A 

cognitive model of children’s reporting of food intake was proposed by Baranowski and 

                                                 
†
 Carvalho MA, Santos O, Rito A, Foster E, Moore HJ, Pereira Miguel J. Development of a new computer program to assess 

dietary intake in Portuguese school-age children: a qualitative approach. Acta Pediátrica Portuguesa 2014; 45: 116-123. (Appendix 

I) 
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Domel (84). This model includes three structural components: sensory register, short-

term memory, and long-term memory. In the 7–8 year age group, there seems to be a 

fairly rapid increase in children’s ability to participate in unassisted recalls for foods 

eaten in the immediate past (82). However, children between 7 and 10 years old often 

need some help from parents or other adults, especially for providing details about types 

and quantities of consumed food (82).
 

24-hour Dietary Recalls (24-h DR) are 

logistically simple, applicable for cross-cultural surveys and not too burdensome for the 

respondents, and would be the method of choice (especially when assisted by parents) 

for assessing food intake among school-age children (73,89). 

 

Furthermore, computers appear to be useful for this task since they (a) are seen as 

enjoyable devices for children, (b) reduce the costs of both the collection and processing 

of dietary intake information due to the amounts and complexity of data usually 

involved, (c) enhance consistency of interviewing, due to standardization of the probes 

used for query details of consumed foods and respective portions, and (d) minimize 

respondents’ burden, if compared with other existing diet assessment systems 

(156,157). 

 

In Portugal, data about food consumption are scarce for all age levels and especially for 

children. There are a few data sources. The Food Balance Sheets (158) and few national 

monitoring surveys (159), conducted on representative population samples, do not 

provide reliable estimates at the individual level, which are essential for identifying 

groups at risk and studying causal relationships between diet and disease (160). 

 

A new method for assessing food and nutrition intake of Portuguese school-age children 

is currently being developed: the Portuguese self-administered computerised 24-h DR 

(PAC24). In order to design this web-based questionnaire, it would be helpful to (a) 

identify and select an extensive list of food items for PAC24, (b) better understand how 

children organize their previous day’s food intake when trying to report this 

information, and (c) identify different meanings and labels children give to certain food 

items. To obtain such information, we followed a qualitative approach with a sample of 

second-, third- and fourth-grade Portuguese students.  
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3.2 Methods 

 

This study follows a qualitative approach, with data collection carried out using Focus 

Groups (FG) between March and September 2011. FG allow more abstract and in-depth 

exploration of food and nutrition issues than is possible with less interactive data 

collection tools such as structured questionnaires. They also enable the gathering of a 

considerable amount of information in a short data-collection timeframe, and of several 

individuals’ perspectives as well. This data-collection methodology maximizes the 

opportunity of gaining insight into how children refer to and speak about food-related 

habits and consumption (144,145). 

 

3.2.1 Study population and design 

 

The study included students from the second to the fourth grade. They were selected 

from seven schools in the seven regions of Portugal (including the islands): North, 

Centre, LTV, Alentejo, Algarve, Madeira and Azores. Schools were selected on the basis 

of a convenience sampling process, with the authorization and active collaboration from 

the Portuguese Ministry of Education. The criteria for the inclusion of schools were: 

regional location, presence of second to fourth grades, and willingness to participate. 

Within each school, participants were selected from class lists according to theoretical 

criteria (purposive sampling). In accordance with these purposive criteria, FG were 

constructed to ensure homogeneity for school grade and area of residence, and 

heterogeneity of gender and social-economic status. The study was approved by the 

Ethics Committee of the Faculty of Medicine, University of Lisbon. Parents completed 

informed consent forms, and assent was taken from children before they participated.  

 

All FG were conducted at school, in private classrooms. In each school, three FG 

sessions were conducted, one each with children from the second, third and fourth grade 

(a mean of 10 children per FG). Most of the FG were conducted during the morning 

(90.5%). This was done because greater accuracy has been reported with interviews 

conducted in the morning when the target period is the previous day (146). The FG, each 

lasting between 40 and 60 minutes, were conducted and moderated by nutritionists and 

one psychologist. The same nutritionist conducted the FG in all regions, except in 

Madeira and Azores, where the FG were conducted by local nutritionists. Each 
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nutritionist was trained in administering the same standardized questions and was also 

informed about the objectives of the study. The psychologist conducted the first three 

sessions with the nutritionist and gave assistance with methodological issues concerning 

qualitative approaches for child subjects. 

 

3.2.2 Focus group questions  

 

FG questions were developed by the research team on the basis of a previous review of 

the literature. The discussion followed an enjoyable game format. Topics for discussion 

were:  

3.2.2.1 Previous day’s food consumption 

 

Data on previous day’s food consumption were obtained by simulating a multiple-pass 

24-h DR, developed by US Department of Agriculture (69). The multiple pass method 

guides the respondent through a 24-hour reference period of food intake, providing 

different opportunities for the respondent to remember food details and also additional 

foods. It has been validated and shown to accurately estimate mean total energy and 

protein intakes. In the US, it has been used in the National Health and Nutrition 

Examination Survey (NHANES), and in Europe, a similar program, EPIC-SOFT, has 

been developed for use in the European Prospective Investigation into Cancer and 

Nutrition.  

 

Children were asked to verbally report intake in any order they wished in response to 

the initial instruction “Tell me everything you had to eat and drink yesterday, from when 

you woke up until you went to bed” (“Diz-me tudo aquilo que comeste e tudo aquilo 

que bebeste ontem, desde que acordaste até ao momento em que foste dormir.”). They 

were then asked about items that might have been forgotten, including water, soft 

drinks, biscuits, sweets and ice cream. These forgotten food items were based on 

commonly forgotten categories of foods described previously (69). After that, the 

children were asked about time and occasion of each food, and for further information 

(details, amounts and place where each food was eaten). They were asked to report 

quantities of food in terms of units (e.g.: number of biscuits, number of slices of toast, 

number of slices of pizza) and/or household measures (e.g. spoons of sugar, glasses of 

water). In a final review, the children were asked if they had consumed anything else 
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(the moderator repeated what they have reported and gave a prompt like “Did you eat 

anything yesterday that I didn’t mention?”).  

 

Responses where obtained from each child during FG. But the interaction between 

children frequently prompted additional food items to be recalled (e.g., one child 

reminding another that she/he also ate a birthday cake). This possible bias was useful 

and informative for the main purpose of the data collection (i.e., recording food items as 

they are remembered and reported by children of this age). 

 

3.2.2.2 Individual meanings and labelling of food items 

 

We asked children if they could identify and differentiate wholegrain from white bread, 

commonly consumed low fat or reduced fat food (e.g. milk), and also if they knew what 

ice tea is made from. The reason for these questions was that in the first FG it became 

clear that the meanings for such items were not universal among these age-groups. 

 

3.2.3 Data analysis 

 

The FG were audiotaped and transcribed to ensure proper thematic content analysis. 

Each FG was transcribed by the researchers who participated as FG moderators. The 

recorded content of all the FG (full corpus) was merged and included in the analysis. 

Content analysis followed a thematic coding process. Each unit of meaning was 

considered as important as any other, no matter the frequency of its verbalization. This 

was because the main goal was to gather terms and meaning about food items. The 

analysis was performed entirely by one of the researchers, and was subsequently 

validated by the other researcher. After the coding process, the coded transcripts were 

sorted, each piece of material relevant to a particular issue or theme being cut and 

pasted so that all material relevant to a particular topic was placed in the same category. 

As the data were qualitative in nature, only frequencies were used for food item 

selection purposes and no formal statistical tests were applied in the study.  
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3.3 Results 

 

A total of 21 FG were conducted. Overall, 204 children participated in the study. 

Regarding age, sample distribution was: 7-8 years (second grade; n=70), 8-9 years 

(third grade; n= 61), and 9-10 years (fourth grade; n=73). With respect to geographical 

distribution, 29 children lived in the North region, 37 in Centre, 19 in LTV, 34 in 

Alentejo, 29 in Algarve, 27 in Azores, and 29 in Madeira. 

 

Analyses of the data resulted in the emergence of three key themes: 1) the previous 

day’s food consumption; 2) the way children reported on the previous day’s food 

consumption; and 3) meaning and labelling of specific food items. 

 

3.3.1 Previous day’s food consumption 

 

Overall, 3959 food items were identified by children when asked about their previous 

day’s food intake. These food items were classified by researchers (rather than children 

themselves) into the following food categories (Table 3-1): 1) Cereals, cereal products 

and potatoes (920 items); 2) Fruit (326 items); 3) Vegetables (376 items); 4) Milk and 

dairy products (591 items); 5) Meat, fish and eggs (546 items); 6) Pulses (30 items); 7) 

Oils and fats (150 items); 8) Beverages (449 items); 9) Sweet products (445 items); 10) 

Snacks (non-sweet) and fast-food (35 items); 11) Mixed dishes (84 items); and 12) 

Miscellaneous (7 items). The FG were run during spring and summer, which may 

explain the high frequently reported consumption of ice-cream. 
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Table 3-1. Food items included in the 12 food categories 

Food categories Description 

Food 

items 

reported 

n % 

1) Cereals, cereal 

products and 

potatoes 

All types of bread made with different type of flour (wheat, whole 

wheat, rye) including toasted bread; all types of pasta; baby cereals; 

all types of rice; potatoes; sweet potatoes; potato crisps; mashed 

potatoes; breakfast cereals; crackers; biscuits without cream or 

chocolate; sweet corn 

920 23.2 

2) Fruit  Fresh fruit; 100% juice fruit; nuts; seeds; olives 326 8.2 

3) Vegetables  Raw and cooked vegetables; vegetable soup 376 9.5 

4) Milk and dairy 

products 

All types of milk (whole, semi-skimmed, skimmed, flavoured); 

yogurt; cheese 
591 14.9 

5) Meat, fish and 

eggs 

Beef; pork; hamburgers; chicken; poultry; raw, canned and cooked 

fish; fish products; crustaceans and molluscs; eggs (fried, boiled, 

scrambled, omelettes); ham; sausage; snails 

546 13.8 

6) Pulses, fresh 

and processed 

All types of beans; lentils; peas; lupin seeds 
30 0.8 

7) Oils and fats 
Butter; Olive oil and other vegetable oils; margarine; cream; 

mayonnaise; peanut butter 
150 3.8 

8) Beverages 

Tap water; bottled water; fruit juice with sugar added; soft drinks; 

black coffee; tea; alcohol; other hot drinks (cocoa or chocolate 

beverages; coffee with milk); currant 

449 11.3 

9) Sweet products 

Chocolate and chocolate products; ice-cream; biscuits (chocolate 

biscuits, butter biscuits); cakes; sweet snacks; sugar; jelly; milk-

based desserts; sweets; jam; marmalade; honey; sweet breakfast 

cereals; sweet cereal-based snacks (e.g. bars); pancakes; waffles; 

brioches; milk bread rolls; croissants; croissants with chocolate 

filling 

445 11.2 

10) Snacks (non-

sweet) and fast-

food 

Pizza; hot-dogs; quiches; savoury pies; pastry 

35 0.9 

11) Mixed dishes Meat-based dishes; fish-based dishes; pasta-based dishes 84 2.1 

12) Miscellaneous Vinegar; ketchup; mustard sauce 7 0.2 

 

The most popular breakfast choices were: chocolate cereals, honey cereals, toast, milk 

and bread with butter, cheese, ham or jam. Common to all children was the fact that 

their parents prepared breakfast for them whether they (the parents) were present at the 
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meal or not (e.g., when the breakfast was taken out-of-home). A wide variety of foods 

were reported to be eaten as snacks, such as sandwiches, biscuits, cakes, yogurt, 

flavoured milk, fruit and ice-cream. Snacks were most commonly eaten during school 

break-time and at home, straight after school. Snacks in school were typically brought 

from home, with the exception of the flavoured milk (usually with chocolate) that was 

offered by the school. 

 

The majority of children had lunch in the school canteen and the reporting of lunch food 

consumption was more collective (involving all participants of each FG) than 

individual. All the lunches included vegetable soup, meat or fish with potatoes, pasta or 

rice. Salad and fruit were optional, and so some children did not report the consumption 

of those food items.  

 

There were considerable differences in food composition for dinner between children. 

By contrast, the consumption of beverages was common during dinner, particularly soft 

drinks, especially ice tea. Of the total consumption of beverages reported by children, 

56.6% were soft drinks. Finally, few children reported an additional snack before going 

to bed. When they did, it consisted of cake, sweets, milk or tea. 

 

3.3.2 How children reported on the previous day’s food consumption 

 

In general terms, children reported foods chronologically (from the first item eaten in 

the morning to the last item at night), but beverages (e.g. water) were routinely reported 

non-chronologically.  

 

Most children reported three main meals (breakfast, lunch and dinner). Without prompts 

for snacks (Table 3-2) participants did not spontaneously report the consumption of 

foods between breakfast and lunch, lunch and dinner, and/or after dinner. They reported 

food items using the time of day and other contexts, such as where they were, who they 

were with, and what they were doing as methods of remembering which food they had 

consumed. Individual children differed in the effort they made trying to remember what 

they ate during the previous day. A number verbalized having difficulties reporting 

what they ate and in reporting the quantities of those foods remembered. This was more 

evident among children in the second grade (7-8 years old), and was also more evident 
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when children were asked about quantities of sugar, chocolate, honey or coffee added to 

beverages (Table 3-2). Regarding water consumption, children reported different 

sources, including glasses of water, bottled water and drinking fountains. Most children 

reported the consumption of sweets and cakes that other pupils brought to school 

(especially on birthdays to share with their peers), after they were asked for forgotten 

foods (Table 3-2).  

 

Table 3-2. Major reporting issues regarding previous day’s food consumption and individual meanings 

and labeling of some food items 

Food reporting issues Typical comments 

Children reported the three main meals 

first (breakfast, lunch and dinner) and 

then snacks, after specific prompting 

for snacks. 

 

Moderator I would like to know what you ate yesterday 

since the time you wake up until you went to bed. 

Child I ate bread with butter and a glass of milk with nesquick1.  

Moderator And after? 

Child I ate cabbage soup and codfish with potato. 

Moderator And that was your lunch? 

Child Yes.  

Moderator And after what was it?  

Child Pizza. 

Moderator And then? 

Child Then is the next day. 

Moderator You told me that you ate in the morning, bread 

with butter and milk with nesquick1. And between breakfast 

and lunch, did you eat or drink something? 

Child Ah, I drank milk and I ate a chipicao2. 

Description of food quantities was 

difficult for some children, especially 

for sugar, chocolate, honey or coffee 

added to beverages. 

 

Moderator Ok. And if I ask you about how much sugar was 

on your milk, are you able to tell me? 

Child No. 

Moderator How many spoons of sugar did you add to milk?  

Child I don’t know. My mother puts sugar on my milk 

every day. 

The majority of children reported 

sweets and cakes that children brought 

to school on birthdays after prompting 

for forgotten food items. 

Moderator One thing that I am surprised is that anyone 

besides these two girls ate chocolate or candies yesterday. 

Child I ate. 

Child I think I ate the day before yesterday. 

Child I ate a croissant. 

Child Yesterday I drank a juice. 

Child I only eat on birthdays. 

Child Every day I eat at least two chocolate cookies. 

Child I eat more at Sundays, it is on that day that I go to my 

grandmother´s house and she gives me pastries. 

Child Yesterday I ate a pastel de nata3. 

Moderator So, I think that is better, at the end of the game 

that I am developing, to add a question like this: “Did you 

eat candies yesterday?” What do you think about that? 

Children Good. 
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Individual meanings and labelling of 

some food items 

Typical comments 

Some children thought that wholegrain 

bread was a special type of bread for 

people who are trying to lose weight; 

for other children it was like a toast. 

Moderator That bread [you referred to have eaten 

yesterday]… was it very white or rather dark? 

Child Dark. 

Moderator Who eat white bread? 

Children Me. 

Moderator And dark? 

Child Just him. 

Moderator Ok, but before the bread went to the toaster, 

how was the colour?  

Child White. It was normal bread. It was dark outside but 

inside it was white. 

Moderator Who can say what is ‘wholegrain bread’?  

Child Wholegrain bread is for people who are trying to lose 

weight. (…) 

Child It is something that allows us to lose weight and it has 

also little brown dots.  

The majority of children classified ice 

tea as flavoured water with no or little 

added sugar. 

 

Moderator And you? Tell me what do you think what ice-

tea is? 

Child It seems a little like tea. 

Moderator It seems a little like tea. And do you think that it 

has a little or a lot of added sugar? 

Child A little. 
1Nesquik: chocolate powder for milk 
2Chipicao: a sweet filled “croissant” 
3Pastel de nata: a traditional Portuguese cake 

 

3.3.3 Meaning and labelling of specific food items 

 

With regard to wholegrain bread, some children thought that it was a type of bread for 

people who are trying to lose weight; other children understood it to be toasted bread 

(Table 3-2). Most children differentiated whole, semi-skimmed and skimmed milk on 

basis of the colour of the bottle (Table 3-2). 

 

When children were asked “What is ice tea made from?”, a considerable  percentage 

(15.8%) of children who reported consuming this soft drink said that it is made from 

water with a small quantity of sugar (Table 3-2).  

 

Regional or culture-specific terms were also identified for some of the food-items. 
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3.4 Discussion 

 

There is a need to develop tools for assessing food intake among Portuguese children. 

This study was undertaken in order to identify and select food items that will comprise a 

computer-based, self-administered 24-h DR for second-fourth grade Portuguese 

children. It also aimed to gain a better understanding of the way that children of this age 

report their previous day’s food consumption, through FG methodology that enabled a 

more in-depth exploration of food consumption issues than is possible with less 

interactive data collection tools such as structured questionnaires. The results could also 

be used to better understand how to ask children about their recent food intake through a 

computerised food recall, such as PAC24. 

 

Usually, qualitative methods aim to capture the ways and/or processes in which people 

think and behave. In this study, the main goal was to gather an extensive list of words, 

terms or expressions used by Portuguese second to fourth children to refer to food 

items. So, rather than conducting a phenomenological or interpretative analysis of the 

content, analysis of the corpus (i.e., transcripts of the FG) was mainly targeted at 

identifying those food words and terms.  

 

Although the FG technique has significant advantages in gathering data, it also has 

some limitations. For instance, the results cannot be used quantitatively and the quality 

of the data obtained relies to a large extent on the skills of the researcher(s) in charge of 

the FG. This should be taken into account when reviewing the results of qualitative 

research such as this and when considering how they can, and should, be used. Another 

limitation is that we have no way of knowing whether or not what children said was 

really what they had eaten on the previous day, because the data were not validated with 

a method such as face-to-face 24-h DR or direct meal observations. Furthermore, since 

the objective of this study was not to analyse children’s dietary reporting accuracy, the 

results should not be interpreted as such. Another potential limitation of this study is the 

generic nature of the author’s questions in the FG regarding quantities of food 

consumed. Future research should use more appropriate tools for assisting children in 

this estimation, such as food photographs. Finally, it is also possible that some children 

were unwilling to talk about their food consumption in a group setting because of the 

sensitivity of these issues.  
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In this study, children from second to fourth grade (7-10-year-olds) were asked to report 

the previous day’s food consumption, without assistance from their parents or teachers. 

This is important, because literature suggests that parents lack first-hand knowledge of 

their children’s intake at school and also because there is evidence that children of this 

age are able to respond adequately to self-report methods such as dietary recalls (82).
 

Answers regarding food items were grouped by researchers (when analysing the 

collected data) into 12 food groups. The categorization of these groups was based on a 

combination of findings from international dietary surveys
 
(58,59,61,161,162).  

 

When asked about what they had eaten the previous day, children generally reported 

foods chronologically (from the first item eaten in the morning to the last item at night). 

But some foods, as beverages (e.g. water) were routinely reported non-chronologically. 

Subar et al
 
(163) found the same results in a formative research on a ‘quick list’ for a 

computerised dietary recall. Regarding the interview format (open or structured by main 

meals), Baxter et al
 
(95)

 
found that although more items were reported as being eaten in 

a structured meal interview format than in an open interview format, accuracy was 

better with open format interviews, with lower intrusion and total inaccuracy rates. We 

found that children did not report the consumption of snacks spontaneously, but in the 

majority of cases only reported when specific meal/snack name prompts were used. 

Subar et al
 
(163)

 
and Foster et al

 
(94), after testing two versions of a ‘quick list’ for 

remembering foods consumed on the previous day (open format versus meal format), 

found that participants showed a strong preference for the meal-based format. Further 

studies should be carried out before deciding on the interview format for PAC24.  

 

Students used a wide variety of retrieval categories when reporting consumption (92). 

FG participants from this study used the time of day and other contexts as cues for 

remembering which foods they had consumed. According to Baxter et al
 
(93),

 
food 

category prompting slightly improves recall accuracy among fourth graders, but only in 

half of the children who received it. We found that most children reported the 

consumption of sweets only after specific prompting for forgotten foods. This suggests 

that asking children about easily forgotten foods (e.g., foods that are usually taken 

outside main meals) may have an important role in increasing the accuracy of self-

administered automated recalls. Further research should thus be conducted in order to 

validate the food prompts that will be included in PAC24. 
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Furthermore, not all children were able to report foods without a significant effort; both 

descriptions and quantities of food were difficult for some children to recall. Research 

indicates that children have considerable difficulties in accurately estimating quantities 

eaten (164).  

 

We identified some regional or culture-specific names attributed by children to some 

food items that will be taken into account for the software development. The FG also 

showed that the majority of children did not understand the nutritional composition of 

some food items (e.g., ice tea and wholegrain bread). This highlights the need to 

increase the nutritional literacy of this age-group. 

 

In summary, a new method for assessing food and nutrition intake of Portuguese school 

age children is currently being developed: PAC24. In order to design this web-based 

questionnaire, a qualitative approach was followed, with data collection carried out 

using FG. This study enriched the pool of food items that had been developed based on 

a literature review and also revealed the main ways in which children report their 

previous day’s food consumption, as well as different meanings and labelling of some 

specific food items, that should be taken into account in the development of PAC24. 

Future research, particularly content validation by experts, usability tests and criteria 

validation, should be carried out in order to validate PAC24 for use in Portuguese 

school-age children. 
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4. Studies for the validation of PAC24 

 

Validation of the Portuguese self-administered computerised 24-hour dietary 

recall among second-, third- and fourth-grade children.
‡
 

 

4.1 Introduction 

 

Valid methods of assessing dietary intake are required to better understand what 

children are eating, what correlates with intake, and evaluate dietary change 

intervention programmes (82). The interviewer-administered 24-h dietary recall (24-h 

DR) is the most commonly used method for dietary surveys and is often used to collect 

information from children, despite self-report being prone to errors (67,73). Moreover, 

interviewer-administered 24-h DRs are expensive because of the need for highly trained 

interviewers, multiple days of assessment to attain acceptable reliability, and specialised 

software to elect and record the foods consumed, and to convert this detailed 

information into servings and nutrients consumed (91). Interactive multimedia provides 

potentially powerful tools for assessing diet by capturing children’s attention, 

graphically displaying foods and manipulating images to estimate portion size (91). 

Computerised 24-h DRs have been developed and used successfully with adults and 

children in the USA (91,119,124) and in children and adolescents in Europe 

(89,94,102). Although 8-9-year-old children tended to have more difficulty with food-

categorization tasks and took more time to complete these tasks (165), there appears to 

be a fairly rapid increase in the ability of children to participate in unassisted recalls for 

foods eaten in the immediate past at approximately 7–8 years of age (82). 

 

The school environment provides a unique opportunity to validate parts of children’s 

24-h DR through lunch observations. Foods eaten at school are important because a 

significant percentage of a child’s total daily intake is consumed at school. Reference 

information in most validation studies in which children have provided diet recalls 

without parental assistance has been obtained by observing one or two school meals 

                                                 
‡
 Carvalho MA, Baranowski T, Foster E, Santos O, Cardoso B, Rito A, Pereira Miguel J. Validation of the Portuguese self-

administered computerised 24-hour Dietary Recall (PAC24) among second-, third- and fourth-grade children. Journal of Human 
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(86,91,93,135–140). Direct observation of meals is often considered the ‘Gold standard’ 

by which dietary assessment tools are validated (135) because it is practical and 

economical in school/institutional settings, independent of the subject’s memory, and 

can provide accurate unbiased information about the subject’s actual intake. 

 

The present study validated a new multimedia dietary assessment program – the 

Portuguese self-administered computerised 24-h DR (PAC24) - completed directly by 

second-, third- or fourth-grade children (7-10 years old) on a computer against 

observation of consumption at school lunch. Validation of the PAC24 is critical since it 

will be used to monitor the dietary intake of Portuguese school-age children, which will 

provide the basis for epidemiological studies on the links between diet and health, in 

turn contributing to public health policy and the design of national health programmes. 

 

4.2 Material and methods 

 

The Ethics Committee of the Faculty of Medicine, University of Lisbon approved the 

present study. Second-, third- or fourth-grade students (7-10 years old) from two 

elementary schools in 2013 were asked to participate. Schools were selected using a 

purposive sampling with authorization and active collaboration from the Portuguese 

Ministry of Education. School inclusion criteria were: located in Lisbon and Tagus 

Valley region, covering second to fourth grades, being a school with internet access and 

with computers/laptops available to children. The Portuguese Ministry of Education 

indicated three schools according to these inclusion criteria. Two agreed to participate 

(one of which was located in a lower income neighbourhood). In each school, 

children from the second, third and fourth grades were randomly selected. Written 

informed consent was obtained from parents. Data were collected by school lunch 

observations and PAC24 the day after. The target reference period for this study was 

midnight to midnight of the previous day. No incentives were provided to students for 

participating. 

4.2.1 Portuguese self-administered computerised 24-h dietary recall  

 

The PAC24 comprises software, designed for use with second-, third- or fourth-grade 

Portuguese children, which uses interactive multimedia to facilitate a child’s self-report 
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of diet by simulating a multiple pass 24-h DR. The system automatically records and 

stores the appropriate food composition code and gramme-weight of each item selected 

with portion size assessment based on a system developed specifically for use with 

children (103). Multiple food images are presented in progressively larger amounts on 

the same screen to enable children to quickly report food portion size (104). 

 

The first stage is the ‘child identity card’ where children provide their personal data 

(name, age, school grade). The second stage is the ‘food list’ where the user is queried 

about what meals and snacks were eaten on the previous day (first, the system asks for 

breakfast, then lunch, dinner and, finally, snacks). A search system (including spell 

check with many common misspellings of food names) then locates and displays foods 

automatically when matches are detected. Each meal has a box where children type in 

all of the foods and drinks they remember consuming the previous day. Next the user is 

presented with an ‘incomplete food list’, which contains food items requiring further 

information on the types and portion sizes of food/drink consumed. Clicking on an item 

in the ‘incomplete food list’ results in a request for portion size information. For the 

majority of foods recorded, the child is asked to identify the amount of food served 

using seven food images (ranging from the 5th to 95th centile of weight served to 

children in the UK National Diet and Nutrition Survey (142)) and the amount of food 

left over, if any, using a selection form with seven food images (from the 5th percentile 

to the smallest presentable portion) to reflect the amount consumed. For foods that are 

usually served in predetermined amounts, a range of commonly consumed portion sizes 

is displayed in one photograph and the child is asked to select one portion size and then 

is asked about how many servings they ate. If no image is available for a specific food 

item, a description of the amount served and left over is entered manually. Once all 

details for consumed foods have been entered, the system prompts the user to provide 

the approximate time and place where each meal or snack was consumed. As a final 

check, the user is shown a summary of all items of food and drink recorded throughout 

the day. A button allows the user to return to the ‘incomplete food list’ at any time 

during the process to add a forgotten item.  

 

In a nutshell, the PAC24 is a web application, developed in PHP (Hypertext 

Preprocessor; http://php.net) and backed by a MySQL database 

(http://www.mysql.com/). User data are collected through a web interface, rendered on 
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any Javascript enabled browser and, subsequently, exported to Excel format (Microsoft 

Corp., Redmond, WA, USA). 

 

4.2.2 Measures: School lunch observations and the Portuguese self-

administered computerised 24-h dietary recall 

 

One trained nutritionist and four trained nutrition science students conducted 

observations in the school cafeteria during usual school lunchtime. Two children were 

observed at the same table by one observer. Observers had school menus but walked 

through the lunch line before the children arrived to assess whether what was served 

corresponded to what was on the menu and also to weigh the foods that would be served 

to children.  

 

School lunches had several components: (i) soup as the first course, (ii) meat or fish 

with rice, pasta, potatoes and/or pulses as the main course, (iii) vegetables (lettuce, 

tomato or carrot), (iv) fruit/dessert, (v) bread and (vi) water. All children had access to 

the same first and main course. Vegetables, fruit/dessert, bread and water were optional 

for all children because cooks only served these food items if children asked for them. 

Children received the same food portion size of each food because food was served to 

children by the cooks.  

 

Each child under observation was identified unobtrusively by their teacher at the 

beginning of the lunch period. As the child left the school service line, the observer 

recorded the number and amount of each item on the child’s tray. The observer then 

positioned herself to clearly observe both children. During the meal, the observer 

recorded the amounts of all foods traded (i.e. food obtained from or given to other 

children at the table) and any food spilled or dropped on the floor. At the end of the 

meal, the observer recorded the amount of each food left on the tray using kitchen scales 

(Vitalia, BC-200, Fagor, Mondragon, Spain).  

 

Standard observation training procedures were employed (135). Eaten foods and 

respective amounts were recorded and correlated with later student response options on 

the PAC24. Using inter-observer reliability (IOR) procedures (141), during training and 

data collection, observations for the same student were compared across pairs of 
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observers. IOR was calculated as the percentage of agreement between two observers 

(amount of food/beverage items served and amount of food/beverage eaten). IOR had to 

exceed 85% (IOR=86.9%), for data collection to proceed. 

 

The PAC24 was conducted the day after lunch observations in a private location at 

school on a computer or laptop computer with Internet access (most PAC24s were 

conducted in the morning before lunch to enable observation of school lunch for the 

next day’s PAC24). The PAC24 was completed by children who were observed the day 

before. During the PAC24 administration, assistance was provided by one nutritionist to 

children who presented with questions such as: (i) how to spell a word; (ii) what to do 

when the system didn’t recognize more than one food per line at the second stage; (iii) 

what to do when the system didn’t present exactly the same food in the portion size 

image as the child had reported consuming; (iv) what to do if they didn’t know what 

time they ate meals.  

 

4.2.3 Statistical analysis 

 

Lunch observations were used to validate the PAC24. The PAC24 covered a full 24h 

period, whereas school lunch observation only covered the previous day’s lunch 

consumption. Statistical weights were assigned to meal components to reflect their 

importance: combination entree (e.g. hamburger on bun) multiplied by 2, and remaining 

components (e.g. chicken, milk, apple, peas) multiplied by 1, so that errors in reporting 

entrees counted more than errors in reported sides and drinks (93,96,137,148). 

Condiments were not assessed, because condiments were not available to children 

during the lunch period. Nutritionists compared the sets of data by hand and assigned all 

foods by meal into the categories: matches (reported in both records being compared), 

intrusions (reported in the PAC24 but not by the validator) or omissions (reported in the 

validator but not in the PAC24) for each individual separately. Because foods can be 

reported in many ways, items were scored as matches unless it was clear that the child’s 

recall did not describe an observed food. Examples of items observed and reported as 

matches were all types of milk (e.g. skim, semi-skim) and all types of vegetable soup 

(pea soup, spinach soup). Fruit, vegetables and breads that differed were not considered 

matches. Rates per student for each lunch were calculated for each of the three 

categories (Table 4-1).  
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In addition, to evaluate children’s accuracy of reported amounts, observed and reported 

amounts were scored in servings (0.0 = none, 0.1 = taste, 0.25 = little bit, 0.5 = half, 

0.75 = most, 1 = all, or the actual number of servings if more than 1)(93). Total 

innacuracy (total inaccuracy=(absolute difference between amounts reported and 

observed eaten for each match×statistical weight)+(each omitted amount×statistical 

weight)+(each intruded amount×statistical weight) summed over all items at school 

lunch for each child) was calculated as a measure that combined accuracy for reporting 

of items and amounts, although it fails to indicate whether errors are the result of 

omissions, intrusions, or incorrectly reported amounts. A total inaccuracy score of zero 

indicated a perfect recall compared to observation (137).  

 

To analyse accuracy for reported amounts (in servings) for matches, arithmetic 

differences for matches (arithmetic differences for matches = {sum ([amount reported – 

amount observed for each match] x weight)} / (weighted number of matches)) and 

absolute differences for matches (absolute differences for matches = {sum ([absolute 

difference between amounts reported and observed for each match] x weight)} / 

(weighted number of matches)) were calculated; amounts for omissions (amounts for 

omissions = {sum ([amount observed but not reported for each omission] x weight)} / 

(weighted number of omissions)) and intrusions (amounts for intrusions ={sum 

([amount not observed but reported for each intrusion] x weight)} / (weighted number 

of intrusions)) were also calculated to assess whether these errors in reporting involved 

small or large amounts of servings(166). Values close to zero for arithmetic and 

absolute differences for matches, and amounts for omissions and intrusions, represented 

high accuracy. 

 

For those food items which were correctly reported  (matches) the method of Bland & 

Altman (149) was used to assess the accuracy of estimates of food weight reported 

using PAC24 by calculating the ratio of estimated food weight  (by PAC24) to actual 

food weight intake as measured by the lunch observations (Table 4-2). 

 

After cleaning and validation, data were converted and exported to a database for 

statistical analysis in SPSS, version 21 (ibm Corp., Armonk, NY, USA. Differences 

between groups (gender and grade) were examined for percentage of foods matched, 
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omitted and intruded and for total inaccuracy, arithmetic differences for matches, 

absolute differences for matches, amounts for omissions and amounts for intrusions 

(Table 4-1). Variables were tested by gender and grade for normality. Percentages of 

foods omitted and intruded, and also total inaccuracy, amounts for omissions and 

amounts for intrusions were found to be highly positively skewed. The mean value 

between two independent samples was calculated using independent sample t-test. The 

non-parametric alternative was the Mann-Whitney U-Test. Analysis of variance was 

used to compare the mean values between more than two independent samples after 

testing for normality and homogeneity. The non-parametric alternative test was the 

Kruskal-Wallis test. P<0.05 was considered statistically significant. 

 

Log transformations were applied to approximate normality. Accuracy of estimates of 

food weight using the PAC24 was assessed by calculating the mean ratio of estimated 

weight to actual weight (1 indicated exact agreement of the two methods at the group 

level) and the limits of agreement were calculated as the mean ratio (±1.96 SD) to give 

a measure of precision (Table 4-2).  

 

4.3 Results  

 

In total, 44 students returned signed assent and parental consent forms indicating their 

agreement to participate. However, PAC24 data from three students were lost. 

Accordingly, data collection included 41 students (24 girls corresponding to 58.5% of 

the sample). More children were 10 years old (34.1%), with some being 9 years 

(31.7%), 8 years (24.4%) and 7 years (9.8%). The mean (SD) age was 8.9 (1.0) years. 

 

Sixty-seven percent of foods reported were matches of specific foods, 21.5% were 

omissions and 11.5% were intrusions (Table 4-1). Items that were most often omitted 

were vegetables (39.7%) and sweets (15.1%). Items with the highest percentage of 

intrusions were beverages (38.2%).  

 

Table 4-1 also shows results for total inaccuracy, amounts for matches, omissions and 

intrusions by gender and grade. The total inaccuracy measure for each recall, based on 

all items observed and recalled across lunch, captured the total error, in servings, of the 

dietary recall. Total inaccuracy (3.44 servings) was low. For matches, mean arithmetic 

difference per serving in amounts reported was -0.17, indicating an overall slight 
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tendency to under-report amounts of items actually eaten; mean absolute difference per 

serving was 0.23. Mean amounts of omitted and intruded items per serving were 0.61 

and 0.55, respectively. There were no statistically significant differences by gender or 

grade (P>0.05). 
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Use of the PAC24 led to underestimates the weight of food on average by 32% of the 

actual intake. The limits of agreement for food consumption ranged from under-

estimation of 85% to an over-estimation of 218%. Accuracy of estimates of intake using 

the PAC24 were lower for the intake of pulses with wide limits of agreement (from an 

under-estimate of 94% to an over-estimate of 359%) (Table 4-2). Sweet products and 

vegetables were the most accurately estimated foods (Table 4-2). 

 

Table 4-2. Accuracy of estimates of intakes using the Portuguese self-administered 24-h dietary recall 

(PAC24) compared with lunch observations among children ages 7-10 (n=41) 

Food categories Mean Ratio 
Limits of Agreement 

Lower Upper 

Beverages 0.66 0.21 2.05 

Cereals and potatoes 0.68 0.11 4.30 

Fruit 0.47 0.10 2.28 

Meat, fish and eggs 0.61 0.10 3.66 

Milk products 1.23 0.59 2.58 

Pulses 0.51 0.06 4.59 

Sweet products 0.77 0.39 1.53 

Vegetables 0.74 0.19 2.91 

 

Observers indicated some problems occurred in completing the PAC24. Younger 

children (second grade) experienced more difficulty in completing the PAC24, than 

third- and fourth-grade children. Other problems included: (i) instruction boxes were 

frequently ignored and sometimes children were unable to understand their meaning; 

(ii) misspelled search terms and more than one food item per line at the second stage 

resulted in search failures; (iii) in some cases, the food images shown at the third stage 

did not correspond to the food item written by the children at the second stage (e.g. 

children write mackerel and the image shown is salmon filets); (iv) unintentional 

clicking of buttons (e.g. some children, instead of clicking on the ‘back’ button of  the 

PAC24 to return to the previous page, some children clicked on the Internet ‘back’ 

button, which meant they had to start over again); (v) unable to understand what to do at 

a specific stage, particularly in third stage regarding food type and portion sizes, and in 

fourth stage where younger children were unable to give information about what time 

they ate the meals (Table 4-3).  
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Table 4-3. Problems and suggestions for simplifying and modifying the Portuguese self-administered 24-

h dietary recall (PAC24) among children ages 7-10 (n=41) 

Problems detected 
Suggestions for simplifying (1) and modifying 

(2) PAC24 

Instruction boxes were frequently ignored and 

sometimes children were unable to understand 

their meaning. 

(1) Give assistance to children. 

(2) Replace the instruction boxes with an audio 

tutor and/or an interactive avatar explaining what 

to do before each specific stage. 

Misspelled search terms and more than one food 

item per line resulted in search failures. 

(1) Give assistance to children. 

(2) Improve the spell check system by adding 

more misspellings of food names. 

Some food images did not correspond to the food 

item written by the children. 

(1) Give assistance to children. 

(2) Increase the food images database. 

Unintentional clicking of buttons (1) Give assistance to children. 

Some children were unable to understand what to 

do at specific stages. 

(1) Give assistance to children. 

(2) Use an interactive avatar. 

 

4.4 Discussion 

 

Use of the PAC24 attained a high match rate (67.0%) and a low level of intrusions 

(11.5%) and omissions (21.5%), although there was substantial variability, especially 

for omissions (±19.5%) and intrusions (±12.1%). Mean match values were somewhat 

higher than previously reported for FIRSSt (8-13-year-old children) (91) and an early 

version of ASA24, both of which employed observation of school lunch as the criterion 

measure (86). Food items were scored as matches unless it was clear that the child’s 

recall did not describe an observed food. This broad interpretation maximized the score 

correctness of the child’s recall; this may contribute to the high match rate found in the 

present study. Although some studies have reported higher accuracy matches for girls 

(167), others did not (146), in our sample, there were no statistically significant 

differences by gender or grade. Similar to our findings, other studies reported sweets 

were frequently omitted (168) and beverages were the most frequently intruded item at 

lunch (99). Accuracy of estimates of intake using the PAC24 were lower for pulses 

because the food images for pulses often did not match the way in which pulses were 

served to children: pulses were mostly served with pasta or potatoes, so it was very 

difficult for children estimate the quantity of food served and left over. 
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Mean arithmetic differences for matches indicates a slight tendency overall to 

underreport amounts of items observed eaten (-0.17). This is similar to results from 

previous studies with fourth-graders (96,137,146). When children failed to report items 

observed eaten, the average amount per omission was 0.61 servings and when children 

falsely reported items that were not observed eaten, the average amount per intrusion 

was a half serving (0.55).  

 

The weight of food was under-estimated by 32% on average using the PAC24 compared 

to lunch observations. Although wide limits of agreement were found in the present 

study (from an underestimation of 85% to an overestimation of 218%), Foster et al. 

(103) also showed wide limits of agreement ranging from an under-estimate of 41% to 

an over-estimate of 72%. These may reflect the small sample size and indicate that, on 

an individual level, considerable differences between both methods is possible. Other 

factors possibly contributing to the under-estimation of weight of food are that the food 

photographs in the PAC24 did not include some of the foods served at lunch in school 

canteens and/or the presentation of food on the plate was not the same. This happens 

because there are no national data available in Portugal regarding school-age children’s 

food consumption and so we had to use food photographs from another country. We 

developed FG sessions in the seven regions of Portugal before developing the PAC24 to 

identify food items reported specifically by Portuguese school-age children. However, 

although this qualitative methodology enriched the food-items pool that was originally 

developed by a literature review and also identified some regional specific names 

attributed by children to some food items, it did not allow us to know how food was 

presented to children in the school canteens (e.g. the presentation of pulses and fish 

differs from the presentation in the food photographs). Thus, it might be difficult for 

children to estimate the quantity of food served and left over for some food items. 

Future research is necessary to adapt the PAC24 to include food photographs more 

appropriate for Portuguese children. 

 

Although no statistically significant differences were detected by grade, observers 

reported second-graders experienced more difficulty in completing the PAC24, than 

third and fourth grade children, perhaps as a result of their cognitive immaturity (148), 

which was not assessed. Therefore the children, especially the younger children, 

required assistance to complete the PAC24. The problems that observers detected in the 
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PAC24 administration might be addressed by training nutritionists to assist the children. 

In the present validation study, a single nutritionist was able to provide assistance in 

completion of the PAC24 for up to 10 children.  

 

The limitations of the present study include the small sample size (n=41), primarily 

because of the limited time and financial support to collect data; the sample of children 

was limited to the Lisbon region, reflecting local and regional educational and food 

practices. It is not clear how these procedures may work in other cities or regions.  

 

Success in using the tool with this population suggests its usefulness with similar 

populations; however, the tool must be validated for use in each specific population to 

analyse differences in accuracy of dietary reporting by socioeconomic and racial/ethnic 

groups among children. To redress the problems detected, and to improve accuracy of 

the PAC24, system improvements need to be made, including: (i) replacing the 

instructions boxes by an audio tutor and/or an avatar to guide the user through the 

system; (ii) increasing the food image database; and (iii) developing and testing 

additional prompts based on data on the types of foods that were more frequently 

omitted during this validation study. Further validation research, usability testing, and 

experience will also direct future development. 

 

The PAC24 requires less professional labour than other interview-administered 

methods. In the present study, conducted in a small sample of children, the PAC24 was 

found to have a higher validity compared to lunch observations than comparable tools 

reported in the literature. Children were able to complete the PAC24, although most 

required assistance. Future research will need to determine how to adapt and simplify 

the PAC24 to better meet children’s abilities and preferences. 
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5. Studies for the development, validation and pilot study of PAC24 

 

The Portuguese self-administered computerised 24-hour dietary recall (PAC24): a 

web application for dietary assessment in children.
§
 

 

5.1 Introduction 

 

Measuring dietary intake in school-age children is important to monitor what children 

are eating, to understand what correlates with intake and also to evaluate dietary change 

after intervention programmes (119). The main dietary assessment tools for collecting 

dietary data among children are Food Records (FRs), Food Frequency Questionnaires 

(FFQs), Diet Histories (DHs) and 24-hour Dietary Recalls (24-h DRs) (67,68). Each 

method has its own strengths and weaknesses.  

 

FRs avoid reliance on memory but tend to be time consuming, require literate and 

motivated respondents, can affect the types of food chosen and quantities consumed and 

are expensive to collect and code (169). FFQs are inexpensive and extremely practical 

in epidemiological studies because they are often self-administered (68,169); however, 

they consist of finite food lists and are cognitively difficult for children because they 

rely on memory and require cognitive skills such as the capability to estimate average 

consumption, that are lacking in many school-age children (68,148,169). The DH is a 

combined method which is very labour-intensive and time consuming for both the 

interviewer and the respondent, and thereby a very costly method (169). The 24-h DR is 

considered among the most precise methods of assessing dietary intake: the respondent 

burden is low, it is cost effective, and there is no requirement for subjects to be literate 

(68,169), it avoids the lack of detail associated with FFQs, and also avoids the reactivity 

issues associated with FRs. It also has some disadvantages: it relies on memory, portion 

size is difficult to estimate, it requires a trained interviewer and is expensive to collect 

and code (67).  

 

                                                 
§
 Carvalho MA, Foster E, Cardoso B, Santos O, Rito A, Pereira Miguel J.. The Portuguese self-administered computerised 24-hour 

dietary recall (PCA24): a web application for dietary assessment in children. (Submitted) 
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Technology in dietary assessment solves some of these problems and has resulted in the 

introduction of self-administered web-based 24-h DRs which have low administration 

and coding costs, and animated guides to be more engaging for children (157). The 

increased availability of computers in schools has made it technically, financially and 

practically feasible and attractive to use computer-based questionnaires in large-scale 

dietary surveys (117). Some errors and bias are reduced when using this methodology to 

assess food consumption: 1) eliminate interviewer bias; 2) minimize data entry errors; 

3) decrease reactivity. They also allow data collection from big samples of children for 

multiple days over different time periods.  

 

Some such computer-based tools have been used with children and adolescents and 

have proven to be feasible and acceptable. Examples of computerised 24-h DRs include 

the Automated Self Administered 24-h DR for children (ASA24-Kids) (123) adapted 

from an adult version (124) to children (10 years old or older) where children are guided 

by an animated talking penguin for intake across a 24-h DR period through multiple 

passes (69); the Self-Completed Recall and Analysis of Nutrition (SCRAN24) (94) 

based on the Automated Multiple Pass Method (AMPM) to self-report adolescents’ (11-

16 years old) dietary intake on the previous day; the Synchronised Nutrition and 

Activity Program
TM

 (SNAP
TM

) (89), developed to assess energy balance-related 

behaviours in children and adolescents (7-15 years old) at the group or population level; 

the Young Adolescents’ Nutrition Assessment on Computer (YANA-C) (102) 

developed to collect dietary data in children and adolescents (11 years old or older) 

through a single 24-h DR structured according to six meal occasions.  

 

The Portuguese self-administered computerised 24-hour dietary recall (PAC24) was 

developed for Portuguese children (7-10 years old). Comparison of PAC24 against 

lunch-time observations (170) indicated, in general, a good agreement at the food level 

and a tendency to under-estimate the weight of food. So, PAC24 is recommended to 

assess dietary intake at a group or population level in school-aged children. 

 

The present study describes the structure of PAC24, the research undertaken in the 

development of this web application, and the results of the pilot study among children 

aged 7-10. 
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5.2 Methods 

 

The Ethics Committee of the Faculty of Medicine, University of Lisbon approved the 

study. 

 

5.2.1 Development of PAC24  

 

Literature review  

A search strategy was undertaken to identify peer-reviewed studies published in the 

English and Portuguese language since 2000 using MEDLINE. Hand searching 

journals, checking reference lists and contacting authors were also used as 

supplementary approaches to identify studies. This literature review was conducted with 

the main goals of examining the validity and reliability of dietary assessment methods 

used for school-aged children, evaluating the main measurement issues that may impact 

on reporting accuracy when assessing the dietary intake of children, defining the 

structure of food intake queries and building up the list of food items used in PAC24, as 

well as the list of food categories for grouping food items for data analysis. Keywords 

and combinations of these were used to search the databases comprehensively. These 

included: accuracy, children, cognition, computer, computerised 24-h DR, diet, dietary 

assessment, dietary intake, dietary surveys, feasibility, focus groups, memory, lunch 

observations, reliability, technology, validity, web-based, and 24-h DR. The titles and 

abstracts of manuscripts were reviewed to assess eligibility for inclusion in this review. 

Abstracts provided key information that enabled our research team to understand the 

scope, process and findings of each manuscript and to decide whether or not to read the 

full article. 

 

Focus Groups (for the food-items pool generation) 

The results from the Focus Group (FG) study are described in detail elsewhere (171). In 

brief, twenty-one FG were conducted from March to September 2011, enrolling a total 

of 204 second- to fourth-grade Portuguese students (7-10 years old). These FG were 

done in seven primary schools, one in each of the seven macro-regions of Portugal. 

Children participated in FG after parent’s written informed consent and child assent. In 

each school, three FG sessions were conducted with a mean of ten children per FG. 

Most of the FG were conducted during the morning, lasting between 40-60 minutes and 



94 

were moderated by nutritionists and one psychologist. Topics for discussion were food 

consumption on the previous day and individual meanings and labeling of some specific 

food items in order to identify and select an extensive list of food items for PAC24. 

Content analysis followed a thematic coding process (171).  

 

Prototype System 

The first prototype of PAC24 was developed after the literature review, FG and 

additional input from research groups involved in computer-based dietary assessment 

among children, namely those from Newcastle University (UK) and Durham University 

(UK). Input was sought in order to identify the required elements needed to perform an 

effective self-administered dietary assessment tool with children and to map the 

problems most likely to occur during the development and validation process. 

 

PAC24 adapted the AMPM developed by US Department of Agriculture (USDA) (69). 

PAC24 is a web application, developed in PHP (Hypertext Preprocessor) and backed up 

by a MySQL database. User data are collected through a web interface, rendered on any 

JavaScript enabled browser and, afterwards, exported to an Excel format. The PAC24 

includes two user interfaces: a ‘front office’ designed for children to answer the PAC24 

questionnaire, and a ‘back office’ administration area, where the researcher can create 

new password and username-protected surveys, and download dietary data from 

previously created surveys. The main methodological aspects of each part of this web 

application are described below: 

 

 Quick list 

Based on the findings from Subar et al (163) and Foster et al (94) and also on the results 

from the FG (171), a meal-based structure to the quick list with free text search, aided 

by a spell check application, is provided. Although the system has meals and snacks 

ordered chronologically throughout the day from the top of the page to the bottom, the 

participant can add foods to meals or snacks in any order.  

 

The need to prompt and probe for forgotten foods is essential to the success and 

accuracy of the system. Therefore, asking children about easy to forget foods mostly by 

food category prompting may play an important role in increasing the accuracy of 

recalls, particularly in fourth-grade children (93). Specific prompts at the end of this 
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form ask about commonly forgotten foods (soup, fruit, sweets, cakes, gums, candies, 

lollipops, water, and soft drinks).  

 

 Portion size assessment 

PAC24 includes 706 images of 80 foods from one computerised portion size assessment 

atlas developed specifically for use in primary children in UK (105). These images are 

used for estimation of the amount of food served (ranging from the 5th to 95th 

percentile of weight served to children in the UK National Diet and Nutrition Survey 

(142)) and of the amount leftover (from the 5th percentile to the smallest presentable 

portion), if any. This is important because children do not always consume all of the 

food served to them and may never have seen the amount of food they consumed (105). 

Portion sizes are presented on the same screen (87). For foods that are usually served in 

predetermined amounts, a range of commonly consumed portion sizes is displayed in 

one photograph and the child is asked to select one portion size and how many servings 

she or he ate the previous day. 

 

Based on the findings from FG, the food images from the atlas were supplemented with 

24 images: a) 7 images of 9 foods (in predetermined amounts) such as bread, biscuits 

and cakes, specifically developed for PAC24 (these photographs were taken using a 

plain white dinner plate of the same diameter as that used by Foster et al (172) and a 

plain white tray); b) 17 food images from the Portuguese Food Atlas (173). For a small 

proportion of the foods, there was no suitable photograph for estimation of the amount 

served and leftover. For these foods, a description of the amount served and leftover can 

be entered manually. 

 

 Time & Place  

In order to add value and context about the food consumption of children, each 

participant is asked to manually enter the time next to each meal or snack, using a 24-h 

format, as well as the place where they ate each meal.  

 

Usability test 

The prototype of PAC24 was tested to identify acceptance and usability issues, after 

amendments were made following the expert meeting. Usability testing is a technique 

used to evaluate the interface adequacy of digital applications, in this case the PAC24, 
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by testing it. The main objectives of this test were to: 1) identify any usability problems; 

2) collect quantitative data on participant’s performance (e.g. time to complete PAC24); 

3) assess how easy/difficult it was to complete each FORM (Figure 5-1)); 4) determine 

participants’ satisfaction with the application. 

 

Twelve children from second to fourth-grade (7-10 years old) from one primary school 

in Lisbon and Tagus Valley region, Portugal, were invited to participate in this usability 

test (April 2013). These children participated in the usability test after parent’s written 

informed consent and child assent. Minimal instructions were provided and a ‘think 

aloud’ method (147) was encouraged. Participants were asked to verbalize what they 

were thinking while interacting with the functional prototype to record their food intake. 

In the test, children completed typical tasks while a trained nutritionist-observer 

watched, listened and took notes. 

 

5.2.2 Validation of PAC24  

 

Content validity: meeting with experts 

Five experts from different areas (a professor of pediatrics from Baylor College of 

Medicine (USA), a psychologist and a nutritionist (with extensive train in dietary 

assessment) from University of Lisbon (Portugal), a human-computer interaction expert 

from Catholic University of Portugal and a primary teacher, coordinator of a primary 

school in Portugal) participated in a face-to-face meeting to discuss and validate the 

contents of PAC24 (February 2013).  

 

Accuracy of PAC24: lunch observations  

Lunch observations were used to validate PAC24, the results are described in detail 

elsewhere (170). After parent’s written informed consent and children assent, forty one 

7-10 year-old children from two elementary schools in Lisbon and Tagus Valley region, 

Portugal, were observed during school lunch and completed PAC24 the following day  

(May-June 2013). Accuracy for reporting items was measured in terms of matches, 

intrusions and omissions; accuracy for reporting amounts was measured in terms of 

arithmetic and absolute differences for matches and amounts for omissions and 

intrusions; and accuracy for reporting items and amounts combined was measured in 

terms of total inaccuracy. The ratio of the estimated weight of food consumed to the 
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actual weight consumed was calculated along with the limits of agreement using the 

method of Bland and Altman. After cleaning and validation, data were converted and 

exported for statistical analysis in SPSS (version 21). 

 

5.2.3 Description of the PAC24 (final version) 

 

PAC24 is intuitive and visual elements were carefully selected. It comprises five forms 

(FORM 1-5), each one represented by a different colour. Colours were selected to 

reinforce the meaning and importance of each form. Figure 5-1 shows an overview of 

the PAC24 application.  

 

FORM 1 is the ‘child identity card’ where children provide their personal data (name, 

age, school grade). Then, the user is presented with an instruction box explaining what 

children are expected to do at the second stage. FORM 2 is the ‘food list’, where the 

user is asked about the meals and snacks she or he ate the previous day (first, the system 

asks for breakfast, then lunch, dinner and, finally, snacks). A search system (including 

spell check with many common misspellings of food names) then locates and displays 

foods automatically when similar items are detected. Each meal has a box where 

children type in all of the foods and drinks they remember consuming the previous day. 

Before children pass to FORM 3, a ‘pop-up’ message asks children to think about 

forgotten food items (soup, fruit, sweets, cakes, gums, candies, lollipops, water and soft 

drinks). Next, the user is presented with an ‘incomplete food list’, which contains food 

items requiring further information on the types and portion sizes of food/drink 

consumed. Clicking on an item in the ‘incomplete food list’ results in a request for the 

type of food to be specified and for portion size information. For the majority of foods 

recorded, the child is asked to identify the amount of served food, and the amount of 

food leftover, if any, using a selection form with seven food images in order to estimate 

the amount consumed. Once all details for consumed foods have been entered, the 

system prompts the user to provide the approximate time and place each meal or snack 

was consumed, and also whether children watched television or used a computer during 

meals (FORM 4). As a final check (FORM 5), the user is shown a summary of all items 

of food and drink recorded throughout the day. A button allows the user to return to 

FORM 3 at any time during the process, where children can add forgotten items.  
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The food composition code and weight of all selected items are automatically allocated 

and stored. A database of 380 food items is available. Food, energy and nutrient 

information is linked to the Portuguese food composition database (143). 
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5.2.4 Pilot study 

 

A pilot study was conducted to check the feasibility with respect to procedures, methods 

and data processing. Children were recruited from one elementary school in Lisbon and 

Tagus Valley region, Portugal, from November to December 2013. This school was 

selected using a purposive sampling with authorization and active collaboration from 

the Portuguese Ministry of Education. School inclusion criteria were: located in Lisbon 

and Tagus Valley region, covering second to fourth grades, being a school with Internet 

access and with computers/laptops available to children. In this school, one class from 

second-, third- and fourth-grade were randomly selected.  Written informed consent was 

obtained from parents and assent was obtained from children prior to participation. 

Child inclusion criteria included not having a physical, mental, or visual limitation that 

would inhibit computer use; being able to read and to use the computer; being able to 

read and write in Portuguese. Of all 55 invited children from second to fourth-grade, 3 

did not provide written parental consent, 3 were not present on one of the scheduled 

school assessment days and 1 didn’t fit the inclusion criteria.  

 

PAC24 was completed on a computer connected to the Internet, and a nutritionist was 

present to observe and provide assistance in completion of PAC24 for up to 10 children 

at one time. The nutritionist noted any difficulties encountered (e.g., problems when 

searching for foods and how to report multi-ingredient foods such as sandwiches), 

solved the major problems that impeded further progress related to unintentional 

clicking of buttons, answer any questions that the child had, and help children with 

writing and spelling of particular food items. Children were asked to complete PAC24 

after a 15-minute explanation about PAC24, given by the nutritionist. Two non-

consecutive days of PAC24 were completed (73) an average of 15 days apart. The total 

energy and nutrient intakes were computed using the Portuguese food composition 

database.  

 

Descriptive analyses (mean values, standard deviations and percentages) of energy and 

nutrient intakes (protein, total fat, carbohydrate, fibre, calcium, sodium, potassium) 

were calculated (Table 5-1). Variables were tested by gender and grade for normality. 

The mean value between two independent samples was calculated using an independent 

sample t-test. The non-parametric alternative was the Mann-Whitney U-test. Analysis of 
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variance was used to compare the mean values between more than two independent 

samples after testing for normality and homogeneity. The non-parametric alternative 

test was the Kruskal-Wallis test. Wilcoxon signed-rank tests were used to compare, on a 

group level, the intakes of 12 food groups (1) Cereals, cereal products and potatoes; 2) 

Fruit; 3) Vegetables; 4) Milk and dairy products; 5) Meat, fish and eggs; 6) Pulses, fresh 

and processed; 7) Oils and fats; 8) Beverages; 9) Sweet products; 10) Snacks and fast 

food; 11) Mixed dishes; 12) Miscellaneous), energy and nutrients (protein, total fat, 

carbohydrate, fibre, calcium, sodium, potassium) (Table 5-2). Statistical analyses were 

performed using SPSS (version 21). A p-value <0.05 level was considered as 

statistically significant.  

 

5.3 Results 

 

5.3.1 Development of PAC24  

 

Literature review 

The key points emanating from this review were: 

 24-h DR method is considered one of the most precise methods of assessing diet 

among the school-age children (67,68,73,169) but because of intra-individual 

variation in intake, multiple recalls are needed to accurately estimate usual 

nutrient intake (38,67,77) 

 there seems to be a fairly rapid increase in the ability of 7-8 year old children to 

participate in unassisted recalls for foods eaten in the immediate past (82) 

 computers appear to be useful for dietary assessment (117,157) 

 the AMPM developed by USDA can be adapted to a web-based 24-h DR format 

(94,119) 

 meal-based recall is preferred to open format recalls by children (94) and also by 

adults (163) 

 when the target period is the previous day, accuracy is improved by conducting 

interviews in the morning (146)  

 there are three main methods of searching for foods used in computerised 

systems: 1) searching via categorization of foods (102); 2) a mixture of 

categorization and free text searching (119); and 3) free text search only (94) 
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 portion sizes should be age-appropriate (111) and multiple small pictures on the 

screen at the same time decrease the time needed to make size judgments with 

no decrease in accuracy (87) 

 prompts appropriate to age seem to help the process of memory retrieval (93) 

 the ‘gold standard’ to validate a dietary recall in children is the school lunch 

observation (91,93,97,123,135,137–140) 

 

Focus Groups (for the food-items pool generation) 

The results obtained from FG were described previously (171). The principle results 

were: a) 3959 food items were identified by children when asked about their previous 

day’s food intake; b) foods were reported chronologically (from the first item eaten in 

the morning to the last item at night) but some foods, as beverages (e.g. water) were 

routinely reported non-chronologically; c) the consumption of snacks wasn’t reported 

spontaneously: in most cases, the consumption of snacks was only reported when 

specific meal name prompts were used; d) children used the time of day and other 

contextual episodes as cue methods for remembering which foods they had consumed; 

e) regional specific names were attributed by children to some food items. FG enriched 

the pool of food items of PAC24 and also revealed the different meanings and labelling 

of some specific food items that were taken into account in the development of PAC24. 

 

Usability test 

Mean time to complete PAC24 was 28 minutes (range: 19-50 minutes), depending 

primarily on reading ability and Internet connection speed. All children (n=12) 

considered PAC24 an enjoyable application. Children were asked to select the easiest 

and the most difficult FORM to complete. Overall, six children identified FORM 3 and 

FORM 4 as the easiest forms, while five children said that it was difficult to remember 

and to report the foods eaten on the previous day in FORM 2. Regarding FORM 2, the 

majority of children (n=11) said that they didn´t understand the instruction box 

displayed before this part of the questionnaire; seven children didn’t understand that 

they could only enter one food item per line in the meal boxes; six children couldn’t 

find the ‘Next’ button at the bottom to move to the next form; and four children didn’t 

know how to spell some food items and asked for help and/or misspellings were 

detected.  
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Considering the usability findings, the prototype was amended accordingly. Major 

improvements were: 1) a new instruction box for FORM 2; 2) additional information 

was included in the database and in the search mechanism to safeguard against eventual 

typos and phonetic misspellings, while accounting for the use of synonyms and brand 

names to designate foods; 3) descriptions of some food items were changed to be more 

child-friendly, for example the food description ‘pork ham’ and ‘turkey ham’ was 

amended to ‘Pork ham (dark pink ham)’ and ‘Turkey ham (soft pink ham)’, 

respectively. 

 

5.3.2 Validation of PAC24  

 

Content validity: meeting with experts 

Seven key point messages resulted from this meeting: 1) make PAC24 more intuitive, 

simple and fast for children to report food items and search for different types of food; 

2) avoid too much text and replace it with symbols and instruction boxes, when 

necessary and possible; 3) add six meal boxes, to the ‘quick list’, asking whether 

children ate the respective meal or snack on the previous day (first ask for breakfast, 

then lunch, dinner and, finally, snacks); 4) add a food image to each type of food in 

FORM 3 of PAC24, so that children can find and recognize the respective type of food 

eaten, before portion size assessment; 5) use animated avatar to engage children; 6) 

prioritize simple terms instead of professional designations (e.g.: replace ‘scrambled egg 

made with butter’ by ‘scrambled egg’); 7) ask children about associated behaviours 

(e.g.: ‘watching TV’, ‘using computer/tablet’, ‘eating at the table’) beyond just time and 

place.  

 

Accuracy of PAC24: school-lunch observations 

The results obtained from the accuracy study of PAC24 were published previously 

(170). Sixty-seven percent of foods reported were matches of specific foods, 21.5% 

were omissions and 11.5% were intrusions. PAC24 under-estimated the weight of food 

on average by 32% of the actual intake. The limits of agreement for the weight of food 

consumed ranged from an under-estimation of 85% to an over-estimation of 218%. 

Accuracy of estimates of intake using PAC24 was lowest for pulses with wide limits of 

agreement (from an under-estimate of 94% to an over-estimate of 359%). Sweet 

products and vegetables were the most accurately estimated foods.  
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Observers indicated some problems (e.g. instruction boxes were frequently ignored and 

sometimes children were unable to understand their meaning, misspelled search terms at 

the FORM 2 resulted in search failures, in some cases the food images shown at the 

FORM 3 did not correspond to the food item written by the children at the FORM 2, 

unintentional clicking of buttons) occurred in completing PAC24. 

 

5.3.3 Pilot study  

 

Data were collected from 48 children (50% were girls). Mean age was 8.1 years old 

(SD=0.8). Most children were from third-grade (43.8%), with some from fourth-grade 

(33.3%) and a few from second-grade (22.9%).  

 

Recalls took between 5 and 50 minutes (mean=27 minutes) to complete. The majority 

of children ate breakfast every day (95.8% and 97.8% in the first and second 

measurement occasion, respectively). Children consumed between 4 to 6 meals per day 

(mean=5.3 meals). The greatest dietary sources of energy were: potato, bread, rice, 

meat, milk, cookies, fish, breakfast cereals and fruit.  

 

Mean energy and nutrient intake by gender and grade are presented in Table 5-1. Mean 

energy intake per day was 1799 kcal (SD=576) (Table 5-1). Mean protein, carbohydrate 

and total fat intakes (in percentage of energy intake) were 17.2%, 47.8% and 29.0%, 

respectively.  

 

Table 5-2 presents the intakes of food groups, energy and nutrients for the first and 

second measurement occasions. Significant differences were not observed, based on 

Wilcoxon signed-rank tests (p>0.05). Mean fruit and vegetables intake was 276.6 g 

(SD=210.6) and 181.6 (126.2), respectively, on the first measurement occasion; 236.4 g 

(SD=156.8) and 190.2 g (SD=138.0), respectively, on the second measurement 

occasion. Regarding soft drinks, 43.8% (mean=119.8 ml (SD=155.2)) and 35.4% 

(mean=90.4 ml (SD=131,8)) of children reported their consumption in the first and 

second measurement occasion, respectively.  
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5.4 Discussion 

 

PAC24 is a 24-h DR designed to be self-administered by Portuguese children from 

second to fourth grade (7-10 years old).  It’s development followed previously reported 

principles for intuitive, simple and cost effective dietary assessment tool (174), targeting 

an engaging method to collect accurate data about children’s dietary intake and 

designed to be carried out in school time with Internet access. 

 

The main objective of the FG was to gather an extensive list of words, terms and 

expressions used by second-, third-, or fourth-grade Portuguese children to refer to food 

items. The FG was the selected methodology for this purpose instead of structured 

questionnaires because this allows a more abstract and in-depth exploration of food and 

nutrition issues than is possible with less interactive data collection tools (144). Since 

the objective of the FG was not to analyse children’s dietary reporting accuracy, the 

results should not be interpreted as such. Due to substantial variability in the naming of 

food items given by children, free text search only was chosen for PAC24 to identify 

food items eaten on FORM 2 (Figure 5-1) as the most intuitive way. The same 

methodology was adopted by Foster et al (94). Some computerised 24-h DR, like SNAP 

(89) and WebDASC (88), include a low level of detail, while in YANA-C (102) and 

FIRSSt (91), respondents are asked, if relevant, to provide additional information about 

the food item chosen such as preparation method (e.g., cooked, baked, fried). On the 

other hand, in SNAP the objective is to estimate food behaviour instead of to evaluating 

the whole diet; information about preparation method is not collected. Although we are 

aware that most of dietary assessment is built around the answers that would be ideally 

obtained in a study and not around the answers that the study population is able to 

provide, as our main purpose was to evaluate the whole diet of children, we consider 

that the food preparation method is important to estimate dietary intake. 

 

Furthermore, Foster and co-workers (111) underline the importance of using age 

appropriate food portions when estimating portion size by images. In PAC24, as in 

WebDASC (88), the use of appropriate portions could not be fully accomplished 

because there is no national data available in Portugal regarding school-age children’s 

food consumption. So, in this study, we used food photographs from more than one 

source. Future research is necessary to adapt PAC24 to include food photographs more 
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appropriate for Portuguese children, particularly for pulses; cereals and potatoes; meat, 

fish and eggs, which were the food categories with the lowest accuracy and widest 

limits of agreement (170). 

 

One of the problems children faced when completing PAC24 in the usability test, was 

related with the fact that the majority of children didn’t understand the instruction boxes 

relating to FORM 2 and FORM 3. Diep et al (123) found that children ignored tutorials 

and did not correctly understand what to do at a given time. Amendments to the 

instruction boxes were made after the usability test and before the accuracy study but 

the same problem remained. Further research needs to be done to improve the systems 

usability such as replacing the instruction boxes with an avatar explaining what to do in 

each FORM. 

 

It is very important when assessing the validity of any method of measuring dietary 

intake in young children that we accept the limitations that the subject’s cognitive skills 

impose. Collecting an absolutely accurate recall of intake is virtually impossible and 

web-based dietary recalls have some disadvantages compared to a personal interview 

(91,123), such as lack of personal guidance, and the requirement for participants to have 

writing and spelling skills, as well as computer literacy. 

 

A pilot study was conducted to check the feasibility with respect to procedures, methods 

and data processing. EFSA (38) recommends the collection of dietary information for 

two non-consecutive days for the 24-h DR. Days are considered as non-consecutive if 

there is at least a two weeks interval between them. More than three days of dietary 

recalls are not recommended for avoiding excessive burden for the respondent and a 

potentially high non-response bias. From a statistical point of view it is more efficient to 

extend the number of participants rather than the number of days. This is why we 

decided to apply PAC24 on two non-consecutive days with 15 days apart in order to 

estimate habitual intake.  

 

The pilot study showed that children took about 27 minutes to complete PAC24, 

approximately the same time that children took to complete other computerised-

questionnaires (89,94,123,175).  
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A rough comparison between data from a review on dietary intake of European children 

and adolescents (57) with data from PAC24 was done for girls and boys of the same age 

range. Energy intakes ranged from 1601 to 2294 kcal/day in girls and from 1673 to 

2414 kcal/day in boys. Data from PAC24 fit into these ranges.  

 

In Portugal, Valente et al (63) developed a study with Portuguese school-age children 

(7-9 years old). Mean energy intake in PAC24 was lower both for girls and boys (1761 

kcal vs. 2522 kcal and 1838 kcal vs. 2319 kcal, respectively). One possible explanation 

is the fact that Valente et al (63) used a different dietary assessment method (a FFQ) 

that tends to overestimate dietary intake (36).  

 

Furthermore, participants macronutrient intakes fit in the recommended ranges of IOM 

(49): 45-65% for carbohydrate, 25-35% for total fat and 10-30% for protein. On the 

other hand, compared with the WHO guidelines (11), carbohydrate intake is below the 

recommendations (55-75%) and protein intake is above the recommendations (10-15%). 

Intakes of fibre, calcium and potassium were below the DRI for children (41,43) (fibre: 

25 g for 4-8 years old children, 26 g and 31g for 9-13 year old girls and boys, 

respectively; calcium: 1000 mg for 4-8 year old children and 1300 mg for 9-13 year old 

children; potassium: 3800 mg for 4-8 year old children and 4500 mg for 9-13 year old 

children). Sodium intake is above the recommendation from WHO (<2 g per day) (46). 

Fruit and vegetables intake met the WHO recommendations (≥400 g/day) (11).  

 

Comparing outcome measures from children completing PAC24 twice with an interval 

of 15 days, didn’t result in significant differences, indicating that respondents were 

willing to complete the application the second time as accurately as the first time. The 

same findings were found in YANA-C (102). However, these findings are based on a 

low number of respondents (n=48) and need to be confirmed in a higher-powered study 

sample.  

 

Limitations of the current study include the small sample size used in validation and 

pilot studies. Second, validation and pilot studies included children from three different 

schools in Lisbon, so findings cannot be generalize to other populations. And third, the 

consistency that aims to evaluate the variance accounted for between observed and 

recalled values between two recalls was not determined. 
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In summary, PAC24 was developed on a limited budget and within a short time period 

to be a simple, quick and engaging method of assessing dietary intake in Portuguese 

school-age children (7-10 years old). In this first stage, this web application has shown 

that it can accurately estimate dietary intake in children at the group level in 27 minutes 

on average. It will be continually refined and future research is necessary to improve the 

usability of PAC24 and also to enhance its user-friendliness. 
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6. General Discussion 

 

The present chapter discusses key issues emerging from the development (Paper 1 and 

3), validation (Paper 2) and the pilot study (Paper 3) of the PAC24. Also, the strengths 

and limitations of the present study will be presented and discussed, and finally future 

research for the improvement of the PAC24 will be suggested. 

 

6.1 Development of PAC24 

 

PAC24 was designed to be self-completed by Portuguese children from second-, third- 

or fourth-grade (7-10 years old). Although children would have the advantage of getting 

help from their parents, once children begin attending school, parent’s reports cannot be 

taken as truth (82). Furthermore, getting help from parents may introduce socially 

desirable answers given by children to confirm to what parents think is an appropriate 

diet. For example, many foods are regarded as good or bad, so a respondent who 

answers in a socially desirable way might under-report intake of bad foods and over-

report intake of good foods. Finally, children of this age are able to respond adequately 

to self-report methods such as dietary recalls.  

 

The main objective of the twenty-one FG conducted in the seven regions of Portugal 

with 204 participating 7-10 years old children was to gather an extensive list of words, 

terms and expressions used by second- to fourth-grade Portuguese children to refer to 

food items. The FG was the selected methodology for this purpose instead of structured 

questionnaires because FG allows more abstract and in-depth exploration of food and 

nutrition issues than is possible with less interactive data collection tools. Since the 

objective of this study was not to analyse children’s dietary reporting accuracy, the 

results should not be interpreted as such.  

 

The twelve food categories used to categorize the 3959 food and drink items identified 

in the FG were used for data analysis purposes only because children reported food 

categories different from those specified by nutritionists, dietitians and researchers 

(176–178). Thus, due to substantial variability in the naming of food categories given 

by children, free text search only was chosen for PAC24 to identify food items eaten on 



112 

FORM 2, as the most intuitive way. The same methodology was adopted by Foster et al 

(94).  

 

Another important issue raised by the FG was the way children seem to report foods 

eaten. The majority of foods were reported chronologically but beverages, particularly 

water, were routinely reported non-chronologically. Taking this finding into account, 

specific probes of water were incorporated into the PAC24 to encourage children to 

remember to report it. Water queries and probes were both included at the end of FORM 

2. Furthermore, a recent study described the intake of water and all beverages in 

children and adolescents (4-17 years old) from 13 countries based on a 7 consecutive 

day fluid-specific record (179). Although the FR was indicated as the preferred method 

for the collection of water intake data, when it is not feasible then a 24-h DR, rather 

than a FFQ, is the best alternative for obtaining valid and complete water reports (180).  

 

The extensive list of words and terms collected through FG were gathered together with 

food items taken from literature review and included in the PAC24 in order to help 

children search for and identify accurately and faster different types of food items eaten, 

specifically in FORM 3. Regional and culture-specific names attributed to some food 

items were also identified and included to make PAC24 suitable for children from 

different regions of Portugal.  

 

Some computerised 24-h DR, like SNAP (89) and WebDASC (88), includes low level 

of detail, while in YANA-C (102) and FIRSSt (91) the respondents are asked, if 

relevant, to provide additional information about the food item chosen such as 

preparation method (e.g., cooked, baked, fried). On the other hand, in SNAP 

information about preparation method was excluded because the objective is to estimate 

food behaviour instead of evaluating the whole diet. Although, we are aware that most 

of dietary assessment is built around the answers that would be ideally obtained in a 

study and not around the answers that the study population is able to provide, as our 

main purpose was to evaluate the whole diet of children, we decided to maintain some 

level of food detail regarding food preparation, considering that the food preparation 

method is important to estimate dietary intake (e.g., if a child is reported to have eaten a 

beef, the system will question if the beef was fried or grilled but will not question about 
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the fat or oil used to cook). With the resulting loss of detail on some foods there will be 

some loss of precision in estimates of nutrient intake. 

 

Furthermore, Foster and co-workers (111) underlines the importance of using age 

appropriate food portions when estimating portion size by images. In PAC24, as in 

WebDASC (88), the use of appropriate portions could not be fully accomplished 

because there is no national data available in Portugal regarding school-age children’s 

food consumption so, in this study, we had to use food photographs from more than one 

source: 1) a computerised portion size assessment atlas developed specifically for use in 

primary children in UK (105); 2) food pictures, based on food items taken by FG, 

developed specifically for use in PAC24; 3) food pictures from the Portuguese Food 

Atlas (173). This may be responsible for the underestimation of the weight of food on 

average by 32% using PAC24 compared to lunch observations. Future research is 

necessary to adapt the PAC24 to include food photographs more appropriate for 

Portuguese children, particularly for pulses; cereals and potatoes; meat, fish and eggs, 

which were the food categories with low accuracy and wide limits of agreement.  

 

Another possible strategy to overcome this problem is to apply novel approaches where 

the respondent does not have to perform this task of portion size estimation (181). The 

appearance of mobile telephones with cameras and wireless transmission greatly 

increased attractiveness of images as a food record research tool. Technology Assisted 

Dietary Assessment (182,183) estimates the food consumed at a meal from an image 

acquired from a mobile device, before and after eating, and calculates daily food and 

nutrient intake among adolescents and adults. Food Intake Visualisation and Voice 

Recogniser (184) uses visual techniques to calculate volume of food images captured by 

camera embedded in a mobile telephone by selecting three images from a video 

recording of the food plate before and after eating. Food identification begins with a 

voice recording by the user naming each food and ends with a final step matching the 

foods consumed to a food composition database.  

 

eButton (185) is a device to use on the chest, which contains a miniature camera and 

other sensors that captures data and information on health activities, eliminating the 

need for daily self-reporting. As a result, the entire eating process is recorded and these 
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pictures are processed from the detection of the shaped utensils and food items until the 

information about calories and nutrients. 

 

Thus, how portion size can be more easily and accurate estimated, particularly in 

children, remains to be investigated.  

 

One of the problems children faced when completing the PAC24 in the usability test, 

was the fact that the majority of children didn’t understand the instruction boxes before 

FORM 2 and FORM 3. Amendments to the instruction boxes were made before the 

validation study but the same problem remained. Although technology has made dietary 

assessment convenient for children, their compliance usually declines because of the 

burden of answering detailed questions, boredom and fatigue. Lu et al (186) identified 

motivation as one of the most important factors that influences dietary assessment of 

children and suggested three strategies to enhance motivation among children: 1) use 

animated, customised agents; 2) embed the dietary assessment process into a video 

game; 3) add narratives to the dietary assessment program. Thus, further development 

on PAC24 should be done in order to replace the instruction boxes by an avatar 

explaining what to do in each FORM, particularly in FORM 2 and 3 that were the two 

main FORMs that presented the major problems. 

 

6.2 Validation of PAC24 

 

It is very important when assessing the validity of any method of measuring dietary 

intake in young children that we accept the limitations that the subject’s cognitive skills 

impose. Collecting an absolutely accurate recall of intake is impossible and web-based 

dietary recalls are less accurate and have some disadvantages compared to a 

interviewer-administered 24-h DR (91,123), such as lack of personal guidance, writing 

and spelling skills. Computer literacy is also required. 

 

6.2.1 Content validity 

 

Content validity was studied not only to indicate whether PAC24 covers all dimensions 

present in the concept intended to reflect – the assessment of dietary intake in school-

age children – but also to discuss some relevant aspects regarding to the structure of 
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PAC24, particularly those where there is no consensus in the literature. Among the 

seven key point messages resulting from this meeting and presented in chapter 5, there 

are three that should be discussed in detail: 

 

1. Open vs. Meal-based format 

Data from FG showed that children did not report the consumption of snacks 

spontaneously, but in the majority of cases only when specific meal/snack name 

prompts were used. Although, Baxter et al (95) found that accuracy was better with 

open-format interviews than meal-format interviews for intrusion rates and total 

inaccuracy, Subar et al (163) and Foster et al (94) found that participants (adults and 

children, respectively) showed a strong preference for a meal-based format. The open-

format and meal-format were discussed by experts, who concluded that because dietary 

intake may be organized in memory according to meals, meal name prompts may 

enhance recall accuracy in children. Thus, a meal-based format was adopted for PAC24. 

 

2. Food prompts 

Data from FG showed that students used a wide variety of retrieval categories when 

reporting consumption (e.g., the time of the day and other contexts as cues for 

remembering which foods they had consumed). According to Baxter et al (93), food 

category prompting slightly improves recall accuracy among fourth graders, but only in 

half of the children who received it. We found that most children reported the 

consumption of sweets only after specific prompting for forgotten foods. This suggests 

that asking children about easily forgotten foods may play an important role in 

increasing the accuracy of self-administered automated recalls. In the expert meeting it 

was decided that at the end of the FORM 2, prompts for forgotten foods (soup, fruit, 

sweets, cakes, gums, candies, lollipops, water, and soft drinks) should be included. 

 

3. Food type search strategy 

The experts found the food search strategy in FORM 3 little intuitive for children and 

reported that many children from previous studies (165) tended to rely on the collages 

of pictures, rather than the category labels, to identify categories where the food items 

should be introduced. Thus, the tree-view procedure to identify the type of food 

consumed could be enhanced by adding small pictures of foods. 
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6.2.2 Accuracy of PAC24: school-lunch observations 

 

Simons-Morton and Baranowski (135) described direct observations as the ‘gold 

standard’ against which other measures can be compared. Most validation studies in 

which children have provided DRs without parental assistance have been obtained by 

observing one or two school meals (89,91,132–137). Another possible way to validate 

the PAC24 would be using a biochemical indicator that it is independent of self-

reporting. However, many food components have no suitable biomarker, and 

biochemical indicators of dietary intake are also subject to non-dietary influences that 

can alter their relationship with the dietary component of interest (128). Furthermore, 

accuracy is assessed in terms of foods instead of kilocalories or nutrients because 

children report what they have eaten as foods, not kilocalories or nutrients. 

 

Lunch observations were used to validate the PAC24. Use of the PAC24 attained a high 

percentage of matches of specific foods (67.0%) and a low level percentage of 

intrusions (11.5%) and omissions (21.5%), although there was substantial variability, 

especially for omissions (±19.5%) and intrusions (±12.1%). Mean match values were 

somewhat higher than previously reported for FIRSSt (8-13 years old) (91) and ASA24-

Kids (9-11 years old) (123), both of which employed observation of school lunch as the 

criterion measure. Food items were scored as matches unless it was clear that the child’s 

recall did not describe an observed food. This broad interpretation maximized the score 

correctness of the child’s recall and may contribute to the high match rate found in this 

study. Other dietary-reporting methodological studies with children have coded in a 

similar manner (95–97,137). Although some studies have reported higher accuracy 

matches for girls (167), others did not (146); in our sample, there were no statistically 

significant differences by gender or grade.  

 

Similar to our findings, other studies reported that sweets were frequently omitted (168) 

and beverages were the most frequently intruded item at lunch (99). Accuracy of 

estimates of intake using the PAC24 were lower for pulses because the food images for 

pulses often did not match the way in which pulses were served to children: pulses were 

mostly served with pasta or potatoes, so it was very difficult for children to estimate the 

quantity of food served and leftover. 
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Correlation is often used to demonstrate agreement between two methods (91,123) but 

in fact it simply measures the strength of linear association between the methods and 

provides no information on magnitude of bias (72). The correlation between portion size 

estimates for PAC24 against observation was 0.797 (a result not presented in Paper 2). 

Even the Pearson correlation was high; it doesn’t give any information about over- or 

under-estimation of food intake. Thus, the Bland & Altman (149) was the selected 

methodology to assess the accuracy of estimates of food weight reported using the 

PAC24. 

 

It is crucial to recognise that self-reported dietary intake is likely to be biased, mainly in 

the direction of underreporting and this has implications for the way in which the results 

are interpreted. The weight of food was under-estimated on average by 32% using the 

PAC24 compared to lunch observations. Although wide limits of agreement were found 

in the study (from an underestimation of 85% to an overestimation of 218%), Foster et 

al. (103) also showed wide limits of agreement ranging from an under-estimate of 41% 

to an over-estimate of 72%. These may reflect the small sample size and indicate that, at 

an individual level, considerable differences between both methods are possible. Other 

factors possibly contributing to the underestimation of weight of food are that the food 

photographs in the PAC24 did not include some of the foods served at lunch in school 

canteens and/or the presentation of food on the plate was not the same. This happens 

because there are no national data available in Portugal regarding school-age children’s 

food consumption and so we had to use food photographs from another country. 

Although FG enriched the food-items pool that was originally developed by a literature 

review and also identified some regional specific names attributed by children to some 

food items, it did not allow us to know how food was presented to children in the school 

canteens (e.g., the presentation of pulses and fish differs from the presentation in the 

food photographs). Thus, it might be difficult for children to estimate the quantity of 

food served and leftover for some food items. Future research is necessary to adapt the 

PAC24 to include food photographs more appropriate for Portuguese children.  

 

Furthermore, it would be important to evaluate if under-reporters have a higher BMI 

and also stratified these results by social desirability. Although, accuracy was tested in 

two schools, one of which was located in a lower income neighbourhood, the small 

sample size didn’t allow a subgroup analyses to examine differences by race/ethnicity.  
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Although no statistically significant differences were detected by grade, observers 

reported second-graders experienced more difficulty in completing the PAC24, than 

third and fourth grade children, perhaps as a result of their cognitive immaturity (148), 

which was not assessed. Therefore the children, especially the younger children, 

required assistance to complete the PAC24. The problems that observers detected in the 

PAC24 administration might be addressed by a training nutritionist to assist the children 

(a single nutritionist was able to provide assistance in completion of the PAC24 for up 

to 10 children).  

 

6.3 Pilot study 

 

A pilot study was conducted to check the feasibility in respect of procedures, methods 

and data processing.  

 

EFSA (38) recommends the collection of dietary information for two non-consecutive 

days for the 24-h DR. Days are considered as non-consecutive if there is at least a two 

weeks interval between them. More than three days are not recommended in order to 

limit the respondent burden and a potentially high non-respondent bias. From a 

statistical point of view it is more efficient to extend the number of participants rather 

than the number of days. This is why we decided to apply PAC24 on two non-

consecutive days with 15 days apart in order to estimate habitual intake. 

 

A rough comparison between data from a review on dietary intake of European children 

and adolescents (57) with data from PAC24 was done for girls and boys of the same age 

range. Energy intakes ranged from 1601 to 2294 kcal/day in girls and from 1673 to 

2414 kcal/day in boys. Data from PAC24 fit into these ranges.  

 

In Portugal, Valente et al (63) developed a study with Portuguese school-age children 

(7-9 years old). Mean energy intake in PAC24 was lower both for girls and boys (1761 

kcal vs. 2522 kcal and 1838 kcal vs. 2319 kcal, respectively). One possible explanation 

is the fact that Valente et al (63) used a different dietary assessment method, the FFQ, 

that tends to overestimate dietary intake (36).  

 

Furthermore, participants macronutrient intakes fit in the recommended ranges of IOM 
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(49): 45-65% for carbohydrate, 25-35% for total fat and 10-30% for protein. On the 

other hand, compared with the WHO guidelines (11), carbohydrate intake is below the 

recommendations (55-75%) and protein intake is above the recommendations (10-15%). 

Intakes of fibre, calcium and potassium were below the DRIs for children (41,43) (fibre: 

25 g for 4-8 year old children, 26 g and 31g for 9-13 year old girls and boys, 

respectively; calcium: 1000 mg for 4-8 year old children and 1300 mg for 9-13 year old 

children; potassium: 3800 mg for 4-8 year old children and 4500 mg for 9-13 year old 

children). Sodium intake is above the recommendation from WHO (<2 g per day) (46). 

Fruit and vegetables intake met the WHO recommendations (≥400 g/day) (11).  

 

Comparing outcome measures from children completing PAC24 twice with an interval 

of 15 days, didn’t result in significant differences, indicating that respondents were 

willing to complete the program the second time as accurately as the first time. The 

same findings were found in YANA-C (102). However, these findings are based on a 

low number of respondents (n=48) and need to be confirmed in a higher-powered study 

sample.  

 

6.4 Business Plan 

 

A business plan for PAC24 was designed by Kadosh (174) with the main objective 

being to evaluate its economic and financial feasibility. There are four major business 

plan models that can be followed: Harvard methodology, Kuratko methodology, Ernest 

& young, and Deloite & Touché. Kurakto was the chosen methodology. This lay in the 

fact that along with the Harvard methodology, also suggested by Kuratko, it is the most 

thorough methodology, which implies addressing all aspects of a business.  

 

In order to analyse the interest of the market in PAC24 and also to establish strategic 

objectives, a series of interviews were conducted. The interviewers were people with 

influent positions in entities identified as strategic clients such as the Ministry of 

Education and Science, Lisbon City Hall and directors of public and private schools. 

Each interview took an average of 54 minutes and was carried out in June 2014. For the 

financial plan an IAPMEI (Agência para a Competitividade e Inovação) calculus sheet 

was used. This is a pre-defined calculus sheet, which was based on a series of 

assumptions; it automatically calculates the Net Present Value (NPV).  
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Based on the interviews, it was estimated that in the next 5 years 25% of the market 

share would be gained. The price of the service (dietary intake assessment on two non-

consecutive days of second-, third- and fourth-grade children) was mostly based on 

PAC24 costs and set at 1500 euros per school. Having identified a strong dependence 

on the public sector (89% of schools are public (187)) a risk analysis was conducted in 

order to evaluate under which scenarios PAC24 would not be a good financial 

investment. The only scenario that showed a negative NPV was if no public school 

acquired PAC24. What this means is that even though the market share could be lower 

than 25%, only under the scenario of a 0% to 4,5% market share will PAC24 not be a 

good investment.  

 

The business plan of PAC24 showed that it is in fact an innovative application with 

great margin for growth financially wise.  

 

6.5 Strengths and Limitations 

 

6.5.1 Strengths 

 

This study had several notable strengths: 

 

First, a combination of formative research and professional judgement was used to 

guide the development and validation of PAC24. This ensured that PAC24 is based on 

sound research combined with professional experience.  

 

Second, the PAC24 has the benefit of ensuring standardisation of methods, as the 

quality of the interview process, the accuracy of food coding and data entry in 

interviewer-administered 24-h DR vary with the experience and the diligence of the 

nutritionist, dietitian or researcher. The removal of the need for a trained interviewer 

vastly reduced the cost of dietary surveys. 

 

Third, FG enriched the list of food and drink items that was developed for PAC24 with 

regional specificities from the seven main regions of Portugal. It also gave insight into 

how children refer to and speak about food and food-related habits that were taken into 
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account in PAC24 development. This data wouldn´t be possible with less interactive 

data collection tools such as questionnaires.  

 

Fourth, the results from a usability test and accuracy study showed that the PAC24 was 

well accepted by participants, completed within a short time period (mean=28 minutes) 

and relatively intuitive to use. They also provided useful feedback for improvements. In 

particular, the accuracy study showed that children aged 7-10 years old are able to 

complete the PAC24 on their own without parental assistance. 

 

Fifth, lunch school observations were used to validate PAC24. Meal observations are 

the ‘gold standard’ for validating dietary reports and should be used instead of methods 

that rely on self-reports provided by subjects (e.g., 24-h DR), which fail to provide the 

truth about actual intake.  

 

Sixth, IOR was calculated in the accuracy study, reflecting the consistency between 

observations of the same children by different observers (IOR=86.9%). IOR is essential 

to determine that the information collected does not depend on who conducted the 

observation. 

 

Finally, the validation and the pilot study of PAC24 was performed under exactly the 

same circumstances as it is intended to be used in dietary assessment study in schools 

including same procedures, same setting and same age group. 

 

6.5.2 Limitations 

 

This study had also limitations that must be addressed: 

 

Regarding the FG, the results found cannot be used quantitatively and the quality of the 

data obtained relies to a large extent on the skills of the researcher(s) in charge of the 

FG. This should be taken into account when reviewing the results of qualitative research 

such as this and when considering how they can, and should, be used. Another 

limitation is that we have no way of knowing whether or not what children said was 

really what they had eaten on the previous day, because the data were not validated with 

a method such as direct meal observations. Furthermore, since the objective of the FG 
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was not to analyse children’s dietary reporting accuracy, the results should not be 

interpreted as such. Another potential limitation of the FG is the generic nature of the 

author’s questions regarding quantities of food consumed. Finally, it is also possible 

that some children were unwilling to talk about their food consumption in a group 

setting because of the sensitivity of these issues.  

 

The limitations of the accuracy study include the small sample size (n=41), primarily 

because of the limited time and financial support to collect data; also the sample of 

children was limited to the LTV region, reflecting local and regional educational and 

food practices. It is not clear how these procedures may work in other cities or regions. 

Food items were scored as matches unless it was clear that the child’s recall did not 

describe an observed food. This may maximized the score correctness of the child’s 

recall and contribute to the high match rate. However, other dietary-reporting 

methodological studies with children have coded in a similar manner (95–97,137). 

 

Since there are no national data available in Portugal regarding school-age children’s 

food consumption we had to use food photographs for portion size estimation from 

another country (UK). Furthermore, although we are aware that single portion size 

photographs based on adult food portion sizes are unlikely to be suitable for use in 

children, we had to include 17 food images from the Portuguese Food Atlas in PAC24.  

 

Lastly, the pilot study presented the following limitations: the small sample size (n=48), 

limiting its power; the sample of children was limited to LTV region, so findings cannot 

be generalize to other populations; the consistency that aims to evaluate the variance 

accounted for between observed and recalled values between two recalls (137) was not 

determined because of financial constraints. 

 

6.6 Further development of PAC24 and additional research 

 

PAC24 was developed on a limited budget. In this first stage of development, the 

application has shown real potential and further development could improve both the 

usability and the accuracy of the PAC24. 
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Firstly, validation studies are needed to investigate the accuracy of information about 

children’s dietary intake when information is obtained from child-only recalls, parent-

only recalls, and joint parent-child recalls. For most computerised dietary recalls 

(94,102,123), children only report their dietary intake without assistance from an adult 

household member from 10-11 years old or older. However, the joint parent-child recall 

method before 10 years old appears to never have been validated and it is plausible that 

adult characteristics could impact information in joint parent-child recalls about 

children’s intake.  

 

Second, there is a crucial need for validation studies to investigate the consistency of 

PAC24 in terms of matches, omissions and intrusions, because a single 24-h DR is a 

poor estimate of a child’s typical intake. Baxter et al (137) used the term consistency 

instead of reliability for 24-h DRs because each recall regards a different dietary event, 

whereas the term reliability regards measuring the same event multiple times. 

 

Third, an avatar with audio-assistance should be included to assist children explaining 

what to do in each FORM, particularly in FORM 2 and 3, which presented the major 

problems during the usability, accuracy and pilot studies. These may prove beneficial to 

participants with lower levels of literacy (123).  

 

Fourth, the development or combination of new algorithms could substantially reduce 

the number of misspellings, which need to be stored to improve the system’s ability to 

recognise the search terms entered. The spell checking functionality incorporated in 

PAC24 follows a simple model and improvement is necessary. 

 

Fifth, additional prompts, which may help to improve accuracy, must be developed. The 

PAC24 needs to prompt appropriately for forgotten items. This includes identifying and 

prompting for foods which are commonly consumed together such as milk and cereal, 

bread and butter, or ham, or cheese, or jam, beyond commonly items such as drinks and 

snacks.  

 

Sixth, new and more appropriate food photographs for Portuguese children, particularly 

for food items with low accuracy and wide limits of agreement (pulses; cereals and 

potatoes; meat, fish and eggs) should be developed. More research is required to 
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identify the types of foods for which portion size is least accurately estimated and to 

explore the optimum way in which to present these foods. 

 

Seventh, further validation of the system with a larger and a more representative sample 

of participants are needed with adequate samples of children by BMI, gender, and race 

to investigate these potential correlates of dietary recall accuracy. Other potential 

correlates of children’s dietary recall accuracy that need to be investigated in these 

validation studies include children’s age (grade level), children’s memory/cognitive 

ability, children’s social desirability, children’s self-esteem, children’s body image, and 

children’s socioeconomic status. 

 

Finally, in the future the PAC24 might be further adapted to other age groups by 

making some changes in the visual design and also by updating the food list and the 

portion size images. It can also be developed to fit android mobile phones. 
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6.7 Conclusion 

 

This study demonstrated that it is possible to develop, validate and test a new web-based 

recall for dietary assessment in Portuguese school-age children (7-10 years old): the 

PAC24.  

 

The PAC24 is a self-administered web-based 24-h DR based on multiple pass method 

directed to second, third or fourth grade Portuguese children (7-10 years old). It 

automatically records and stores the appropriate food composition code and gramme-

weight of each item selected with portion size assessment, based on a system developed 

specifically for use with children.  

 

The PAC24 comprises five forms: FORM 1) ‘child identity card’, where children 

provide their personal data; FORM 2) ‘food list’, where the user is queried about what 

meals and snacks were eaten on the previous day; FORM 3) ‘incomplete food list’, 

which contains food items requiring further information on the types and portion sizes 

of foods/drinks consumed, and ‘complete food list’; FORM 4) ‘time, place & food 

behaviours’, where children provide the approximate time and place where each meal or 

snack was consumed, and also whether they watched television or used a computer 

during meals; FORM 5) ‘summary’, where all food and drink items recorded throughout 

the day are reviewed.  

 

The main conclusions of this study are presented below: 

 

1. A literature review was conducted and a qualitative approach was followed with 

data collection carried out using FG for the identification and selection of an 

extensive list of food and drink items for PAC24. Overall, children identified 

3959 food items in the FG. These food items were categorized into 12 food 

groups. 

 

2. The FG revealed the main ways in which children report their previous day’s 

food consumption. Children generally reported foods chronologically organized 

into the three main meals. Snacks and some foods like sweets were only 
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reported after specific prompts, and not all children were able to report foods 

successfully. Different meanings and labelling of some specific food items were 

identified. These findings were taken into account in the development of 

PAC24.  

 

3. The development of PAC24 was supported by a literature review, FG sessions 

with school-age children from all the main regions of Portugal, and also input 

given by researchers from Newcastle and Durham Universities, UK, with a vast 

experience with computerised 24-h DR. The content of PAC24 was discussed 

and validated by five experts from different scientific areas (pediatrics, 

psychology, nutrition sciences, human-computer interaction, primary education) 

that participated in a face-to-face meeting. 

 

4. The usability test demonstrated that PAC24 was engaging to school age children 

and therefore children maintained attention while completing the questionnaire. 

Children identified the FORMs 3 and 4 as the easiest forms and the FORM 2 as 

the most difficult one to complete. This study addressed some technical 

problems that were simplified and modified before the accuracy study.  

 

5. Lunch observations (the ‘gold standard’) were used to study the accuracy of 

PAC24. Sixty-seven percent of specific foods reported were matches 

(foods/drinks reported in PAC24 and by observers), 21.5% were omissions 

(foods/drinks reported by observers but not in PAC24) and 11.5% were 

intrusions (foods/drinks reported in PAC24 but not by observers). The use of 

PAC24 led to underestimates of the weight of food on average by 32% with 

limits of agreement from an underestimation of 85% to an overestimation of 

218%. The level of matches, omissions and intrusions observed in the accuracy 

study were comparable with other computerised 24-h DR currently in use in 

dietary surveys.  

 

6. A pilot study was conducted on two non-consecutive days with 15 days apart. 

Children took on average 27 minutes to complete PAC24. Mean energy intake 

per day was 1799 kcal. Mean protein, carbohydrate and total fat intakes (as a 

percentage of energy intake) were 17.2%, 47.8% and 29.0%, respectively. 
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Significant differences were not observed in food consumption, in terms of food 

groups and nutrients, between the two measurement occasions (p>0.05). 

Therefore, respondents were willing to complete the application the second time 

as accurately as the first time.  

 

In summary, PAC24 is a web-based 24-h DR designed to be self-administered by 

Portuguese school-age children (7-10 years old). It should be administered in a school 

setting, on computers/laptops with Internet connection, in the morning and with a 

trained observer (e.g., Nutritionist) giving assistance in completion for up to 10 

children. This study demonstrated that, in the study population, PAC24 could be used to 

estimate accurate dietary intake on a group level, which will provide useful information 

for epidemiological studies on the links between diet and health, and contribute to the 

improvement of public health policies at national level. 
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I trodu io : T e t -fou -hou àdieta à e allàisàtheà ethodàofà hoi eàfo àassessi gàfoodài takeàa o gàs hool-ageà hild e .à
Be auseàthe à e ui eàhighl àt ai edài te ie e s,à e allsàa eàe pe si eàa dài p a i alàfo àla ge-s aleà ut iio à esea h.àáà e à
ethodàfo àassessi gàdieta à i takeà i à hild e à isà ei gàde eloped:àtheàPo tugueseàself-ad i iste edà o pute izedà -hou à

dieta à e allà PáC .àTheào je i esàofàthisàstud à e eàtoàide if àa dàsele tàfoodàite sàfo ài lusio ài àPáC ;àtoà ete àu de -

sta dàtheà a à hild e à epo tàthei àp e iousàda sàfoodà o su pio ;àa dàtoàide if àtheàdife e tà ea i gsàa dàla elsà hild e à
give to certain food items. 

Methods:àDataà e eà olle tedàth oughà àfo usàg oupsà FGs ,à o du tedài àse e àp i a às hoolsàf o àtheàse e à egio sàofà
Po tugalài à .àáàtotalàofà à hild e ài àse o dàtoàfou thàg adesàpa i ipated.àTheàFGsà e eàho oge eousàfo às hoolàg adeà
a dàa eaàofà eside eàa dàhete oge eousàfo àge de àa dàso ioe o o i àstatus.àChild e àpa i ipatedài àFGsàate àthei àpa e ts à

ite ài fo edà o se tà asào tai ed.àTopi sàfo àdis ussio à e eàtheàp e iousàda sààfoodà o su pio àa dài di idualà ea -

i gsàa dàla elli gàofà e tai àfoodàite s.àCo te tàa al sisàfollo edàaàthe ai à odi gàp o ess.à
Results: áàtotalàofà àfoodàite sà e eàide iiedàa dà lassiiedài toà àfoodàg oups.àChild e àge e all à epo tedàfoodsà h o -

ologi all ,ào ga izedài toàtheàth eeà ai à ealsà eakfast,àlu hàa dàdi e .àCo su pio àofàs a ksàa dàs eetsà e eà epo tedà
ate àp o pi gàfo às a ksàa dàfo gote àfoods.àNotàallà hild e à e eàa leàtoà e o dàfoodsàsu essfull ;à othàdes ipio sàa dà
ua iiesàofàfoodàposedàp o le s.àDife e tà egio al-ào à ultu e-spe ii àte sà e eàide iiedàfo àso eàofàtheàfoodàite s.à

Co lusio s: Thisà ualitai eàapp oa hàe i hedàtheàpoolàofàfoodàite sàthatàhadà ee àde elopedà asedào àaàlite atu eà e ie à
a dà e ealedàtheà ai àpoi tsàthatàshouldà eàtake ài toàa ou tài àde elopi gàPáC .à

Key ords: hild e ;à o pute izedàdieta à e all;àdieta ài take;àfo usàg oups;à -hou àdieta à e all.

RESUMO

I t oduç o:àOà uesio ioà sàúli asà àho asà àoà todoà
de eleição para avaliar o consumo alimentar em crianças 

em idade escolar. Contudo, requer entrevistadores trei-

nados, é dispendioso e inadequado para estudos de gran-

des dimensões. Está atualmente em desenvolvimento um 

novo instrumento de avaliação do consumo alimentar para 

ia çasàpo tuguesas:àoà uesio ioà sàúli asà àho as,à
onlineàeàdeàauto-p ee hi e toà PáC .
Oào jei oàdoàp ese teàestudoàfoiàide ii a àeàsele io a à
osàite sàali e ta esàpa aài lus oà oàPáC ,à o p ee de à
melhor a forma como as crianças reportam o consumo ali-

mentar do dia anterior e conhecer a forma como as crian-

çasà e aliza àeài te p eta àalgu sàite sàali e ta es.à
M todos:àFo a à o duzidasà àsessõesàdeàFo usàG oupsà
FGs àe àseteàes olasàdoàp i ei oà i loàdoàe si oà si oà
asàseteà egiõesàdeàPo tugal,àe à .àPa i ipa a à à
ia çasàdoàsegu doàaoà ua toàa o.àOsàFGsàfo a àho o-

géneos para o ano de escolaridade e área de residência e 

heterogéneos para o género e estado socioeconómico. A 

pa i ipaç oà osàFGàfoiàfeitaàapósàauto izaç oàdasàes olasà
eàp ee hi e toàdoàte oàdeà o se i e toà i fo adoà
pelos pais das crianças. Os tópicos para discussão foram: 

o su oàali e ta àdoàdiaàa te io àeà e alizaç oàeài te -

pretação de alguns itens alimentares. A análise de conte-

údoà seguiuàu àp o essoàdeà odii aç oà te i a,à ide i-

i a doà todosàosà te osàeàe p essõesàasso iadasàaà ite sà
alimentares.  

‘esultados:àFo a àide ii adosà àite sàali e ta es,à
ag upadosàposte io e teàe à àg uposàdeàali e tos.à
Oà elatoàespo t eoàdasà ia çasà elai a e teàaoà o -

sumo alimentar do dia anterior foi feito de forma cro-

ológi aàeào ga izadoàe àt sà efeiçõesàp i ipaisà pe-

ue o-al oço,àal oçoàeàja ta ,àte doàsidoà e ess ioà
olo a à uestõesàespe íi asàpa aào te ài fo aç oà efe-

rente ao consumo dos lanches e de bolos. Muitas crian-

çasà e ela a àse àdií il,àpa aàelas,àdes e e àeà ua ii-

a àosàali e tos.àFo a àai daàide ii adosàte osà o à
espe ii idadeà egio alàpa aàalgu sàite sàali e ta es.
Co lusões:à Estaà a o dage à ualitai aà e i ue euà aà
listaàdeàite sàali e ta esài i ial e teà iadaàaàpa i àdaà
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revisão da literatura e revelou aspetos fundamentais a 

i lui à oàdese ol i e toàdoàPáC .àà
Pala ras- ha e:à ia ças;à uesio ioào li e;à o su oà
ali e ta ;àfo usàg oups;à uesio ioà sàúli asà àho as.

INTRODUCTION

Theà u de à ofà h o i à diseasesà isà apidl à i easi gà
worldwide1. Non-communicable diseases (NCDs), inclu-

ding cardiovascular disease, cancer, chronic respiratory 

disease and diabetes, are the leading cause of death in 

theà o ld,à espo si leàfo à %àofàtheà à illio àdeathsà
thatào u edà i à . Almost half of chronic disease-

- elatedàdeathsàa eàat i uta leàtoà a dio as ula àdisea-

se .àO esit ,à a dàpa i ula l à hildhoodào esit ,à isà alsoà
sho i gà o i gà t e ds,à otào l à e auseà itàafe tsàaà
la geàp opo io àofà hild e à –à . - . %àofà o sà a dà

. - . %àofàgi lsài àEu opeàa eào e eight à–à utàalsoà
e auseàitàisàesta lishedàea lie ài àlife.àTheseà ideà a ia-

io sà i à o e eightà a dà o esit à p e ale eà esi ates,à
among primary school children from twelve European 

countries, suggest the presence of a north-south gra-

dient, with the highest prevalence values found in sou-

thern European countries . In Portugal, data from the 

CO“I-Po tugalàstud àsho edàthatà . %àofà hild e à e eà
o e eightàa dà . %à e eào ese4. 

Foodà a dà ut iio à a eà i po ta tà dete i a tsà ofà
NCDs5-7.àFu the o e,à hild e sàdietsà ustà eàsuita leà
toà suppo tà o al,à a dà so ei esà e à apid,à g o thà
and development 8.àWhatà akesàfoodài takeàa àNCDà iskà
fa to ài steadàofàaàhealthàp ote i gàfa to àisài ala esà
i à a iet ,à ualit àa dà ua it .àThisàdisi io àisàote à
e àsu tleàa dàsoàdii ultàtoàassess.àThe efo e,àfo à othà

clinical and research purposes, reliable ways of assessing 

dieta ài takeà i ludi gà elia leàa dà alidàdataà olle io à
i st u e ts à a eà e ui edà soà thatà hild e sà dieta à
i takeà a à eà efe i el à o ito ed9.à Thisà isà espe iall à
dii ultà toà a hie eà fo à hild e à ofà p i a à s hoolà age.à
áà og ii eà odelàofà hild e sà epo i gàofàfoodài takeà
asàp oposedà àBa a o skiàa dàDo el10.à Thisà odelà

includes three structural components: sensory register, 

sho t-te à e o ,àa dàlo g-te à e o .àI àtheà – à
year age group, there seems to be a fairly rapid increase 

i à hild e sàa ilit àtoàpa i ipateài àu assistedà e allsàfo à
foods eaten in the immediate past11.àHo e e ,à hild e à
et ee à à a dà à ea sà oldà ote à eedà so eà helpà

from parents or other adults, especially for providing 

detailsàa outàt pesàa dà ua iiesàofà o su edàfood11. 

T e t -fou -hou àdieta à e allsà hD‘ àa eàlogisi all à
simple, applicable for cross-cultural surveys and not 

too burdensome for respondents, and would be the 

method of choice (especially when assisted by parents) 

fo àassessi gàfoodài takeàa o gàs hool-ageà hild e ,à .

Fu the o e,à o pute sà appea à toà eà usefulà fo à thisà
taskà si eà the à a à a eà see à asà e jo a leà de i esà fo à
hild e ,à à edu eà theà ostsà ofà othà olle i gà a dà
p o essi gàdieta ài takeài fo aio àdueàtoàtheà ua it à
and complexity of data usually involved, (c) enhance 

o siste à ofà i te ie i g,à dueà toà sta da dizaio à ofà
the probes used to query details of consumed foods 

a dà espe i eà po io s,à a dà d à i i izeà theà u de à
of respondents compared to other diet assessment 

systems14,15.

I à Po tugal,à dataà o à foodà o su pio à a eà s a eà fo à
allà ageà le els,à a dà espe iall à fo à hild e .à The eà a eà
fe à elia leà dataà sou es.à Theà Foodà Bala eà “heets16 

a dà theà fe à aio alà o ito i gà su e s17, conducted 

o à ep ese tai eà populaio à sa ples,à doà otà p o ideà
elia leà esi atesà atà theà i di idualà le el,à hi hà a eà
esse ialà fo à ide if i gà g oupsà atà iskà a dà stud i gà
ausalà elaio shipsà et ee àdietàa dàdisease18.

áà e à ethodà fo à assessi gà foodà a dà ut iio à
i takeà ofà Po tugueseà s hool-ageà hild e à isà u e tl à
being developed: the Portuguese self-administered 

o pute izedà hD‘à PáC .àI ào de àtoàdesig àthisà e -
asedà uesio ai e,à ità ouldà eà helpfulà toà a à ide if à

a dàsele tàa àe te si eà listàofà foodà ite sà fo àPáC ,à à
ete àu de sta dàho à hild e ào ga izeà thei à p e iousà

da sàfoodài takeà he àt i gàtoà epo tàthisài fo aio ,à
a dà à ide if à dife e tà ea i gsà a dà la elsà hild e à
gi eàtoà e tai àfoodàite s.àToào tai àsu hài fo aio ,à eà
follo edàaà ualitai eàapp oa hà ithàaàsa pleàofàse o d,à
third and fourth-grade Portuguese school-age children.

METHODS

Thisà stud à follo sà aà ualitai eà app oa h,à ithà dataà
olle io à a iedàoutàusi gàfo usàg oupsà FGs à et ee à
Ma hà a dà “epte e à .à FGsà allo à o eà a st a tà
a dà i -depthà e plo aio à ofà foodà a dà ut iio à issuesà
tha àisàpossi leà ithàlessài te a i eàdataà olle io àtoolsà
su hà asà st u tu edà uesio ai es.à The à alsoà e a leà
theàgathe i gàofàaà o side a leàa ou tàofà i fo aio à
i à aà sho tà data- olle io à i ef a e,à a dà ofà se e alà
i di iduals à pe spe i esà asà ell.à Thisà data- olle io à
ethodolog àthusà a i izesàtheàoppo tu it àofàgai i gà

i sightài toàho à hild e à efe àtoàa dàspeakàa outàfood-
elatedàha itsàa dà o su pio ,à .

“tud àpopulaio àa dàdesig
Theà stud à i ludedà stude tsà f o à theà se o dà toà theà
fou thà g ade.à The à e eà sele tedà f o à se e à s hoolsà
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in the seven regions of Portugal (including the islands): 

No th,à Ce t e,à Lis o à a dà Tagusà Valle à LTV ,à ále tejo,à
álga e,àMadei aàa dàtheàázo es.à“ hoolsà e eàsele tedà
on the basis of a convenience sampling process, with the 

autho izaio àa dàa i eà olla o aio àofàtheàPo tugueseà
Mi ist à ofà Edu aio .à Theà ite iaà fo à theà i lusio à ofà
s hoolsà e e:à egio alà lo aio ,à p ese eà ofà se o dà toà
fou thà g ades,à a dà illi g essà toà pa i ipate.à Withi à
ea hà s hool,à pa i ipa tsà e eà sele tedà f o à lassà listsà
a o di gà toà theo ei alà ite iaà pu posi eà sa pli g .à
I à a o da eà ithà theseà pu posi eà ite ia,à FGsà e eà
constructed to ensure homogeneity for school grade 

and area of residence, and heterogeneity of gender and 

so ial-e o o i à status.à Theà stud à asà app o edà à theà
Ethi sà Co iteeàofà theà Fa ult à ofàMedi i eà ofà Lis o .à
Parents completed informed consent forms, and assent 

asào tai edàf o à hild e à efo eàthe àpa i ipated.à
állàFGsà e eà o du tedàatàs hool,ài àp i ateà lass oo s.àI à
ea hàs hool,àth eeàFGàsessio sà e eà o du ted,ào eàea hà
with children from the second, third and fourth grade (a 

ea àofà à hild e àpe à FG .àMostà FGsà e eà o du tedà
du i gà theà o i gà . % .à Thisà asà e auseà à g eate à
accuracy has been reported with interviews conducted 

in the morning when the target period is the previous 

dayà .àTheàFGs,àea hàlasi gà et ee à àa dà à i utes,à
e eà o du tedàa dà ode atedà à ut iio istsàa dào eà

ps hologist.àTheàsa eà ut iio istà o du tedà theàFGsà i à
allà egio s,àe eptài àMadei aàa dàázo es,à he eàtheàFGsà
e eà o du tedà àlo alà ut iio ists.àEa hà ut iio istà asà

t ai edài àad i iste i gàtheàsa eàsta da dizedà uesio sà
a dà asàalsoài fo edàofàtheào je i esàofàtheàstud .àTheà
ps hologistà o du tedà theà i stà th eeà sessio sà ithà theà
ut iio istàa dàga eàassista eà ithà ethodologi alàissuesà
o e i gà ualitai eàapp oa hesàfo à hildàsu je ts.

Fo usàg oupà uesio sà
FGà uesio sà e eà de elopedà à theà esea hà tea à
o àtheà asisàofàaàp e iousà e ie àofàtheàlite atu e.àTheà
dis ussio à follo edà a à e jo a leà ga eà fo at.à Topi sà
for discussion were: 

a  P e ious da ’s food o su pio
Dataà o à theà p e iousà da sà foodà o su pio à e eà
o tai edà àsi ulai gàaà ulipleàpassà hD‘,àde elopedà
by the US Department of Agriculture .à Theà ulipleà
passà ethodàguidesàtheà espo de tàth oughàaà -hou à
efe e eà pe iodà ofà foodà i take,à p o idi gà dife e tà
oppo tu iiesà fo à theà espo de tà toà e e e à foodà
detailsàa dàalsoàaddiio alà foodsà Ta leà .à Itàhasà ee à
alidatedàa dàsho àtoàa u atel àesi ateà ea àtotalà
e e g àa dàp otei ài takes.àI àtheàU“,àitàhasà ee àusedà
i àtheàNaio alàHealthàa dàNut iio àE a i aio à“u e à
NHáNE“ ,àa dài àEu ope,àaàsi ila àp og a ,àEPIC-“OFT,à

hasà ee àde elopedàfo àuseài àtheàEu opea àP ospe i eà
I esigaio ài toàCa e àa dàNut iio .
Child e à e eà askedà toà e all à epo tà i takeà i à a à
o de àthe à ishedài à espo seàtoàtheài iialà i st u io à
Tellà eàe e thi gà ouàhadàtoàeatàa dàd i kà este da ,à
f o à he à ouà okeàupàu ilà he à ouà e tà toà ed  

“Diz- e tudo a uilo ue o este e tudo a uilo ue 
bebeste ontem, desde que acordaste até ao momento 

em que foste dormir.”).à The à e eà the à askedà a outà
ite sàthatà ightàha eà ee àfo gote ,à i ludi gà ate ,à
sotà d i ks,à is uits,à s eetsà a dà i eà ea .à Theseà
fo gote àfoodàite sà e eà asedào à o o l àfo gote à
categories of foods described previously .à áte à that,à
theà hild e à e eàaskedàa outàtheài eàa dào asio àofà
ea hàfood,àa dàfo àfu the ài fo aio à details,àa ou tsà
a dà pla eà he eà ea hà foodà asà eate .à The à e eà
askedàtoà epo tà ua iiesàofàfoodài àte sàofàu itsà e.g.à
number of biscuits, number of slices of toast, number of 

sli esàofàpizza àa d/o àhouseholdà easu esà e.g.àspoo sà
ofàsuga ,àglassesàofà ate .àI àaài alà e ie ,àtheà hild e à
e eà askedà ifà the à hadà o su edà a thi gà elseà theà

moderator repeated what they had reported and gave a 

p o ptàlikeà Didà ouàeatàa thi gà este da àthatàIàdid tà
e io ? ).à‘espo sesà e eào tai edà f o àea hà hildà

du i gàFGs.àButài te a io à et ee à hild e àf e ue tl à
p o ptedàaddiio alàfoodàite sàtoà eà e alledà e.g.,ào eà
hildà e i di gàa othe àthatàshe/heàalsoàateàaà i thda à
ake . Thisàpossi leà iasà asàusefulàa dài fo ai eàfo à
theà ai àpu poseàofàtheàdataà olle io à i.e.,à e o di gà
food items as they are remembered and reported by 

children of this age).

b) Individual meanings and labelling of food items

Weàaskedà hild e àifàthe à ouldàide if àa dàdife e iateà
wholegrain from white bread, commonly consumed low 

fatào à edu edàfatàfoodsà e.g.à ilk ,àa dàalsoàifàthe àk e à
hatài eàteaàisà adeàf o à Ta leà .àTheà easo àfo àtheseà
uesio sàfo à ea i gàassess e tà asàthatài àtheài stà

FGsà ità e a eà lea à thatà theà ea i gsà fo à su hà ite sà
were not universal among these age-groups.

Data analysis

Theà FGsà e eà audiotapedà a dà t a s i edà toà e su eà
p ope à the ai à o te tà a al sis.à Ea hà FGà asà
t a s i edà à theà esea he sà hoà pa i ipatedà asà
FGà ode ato s.à Theà e o dedà o te tà ofà allà theà FGsà
(full corpus) was merged and included in the analysis. 

Co te tà a al sisà follo edà aà the ai à odi gà p o ess.à
Each unit of meaning was considered as important as 

a àothe ,à oà ate àtheàf e ue àofàitsà e alizaio .à
Thisà asà e auseà theà ai à goalà asà toà gathe à te sà
a dà ea i gà a outà foodà ite s.à Theà a al sisà asà
pe fo edàe i el à ào eàofàtheà esea he s,àa dà asà
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su se ue tl à alidatedà à theà othe à esea he .à áte à
the coding process, the coded transcripts were sorted, 

ea hàpie eàofà ate ialà ele a tàtoàaàpa i ula à issueào à
theme being cut and pasted so that all material relevant 

toàaàpa i ula àtopi à asàpla edài àtheàsa eà atego .àásà
theàdataà e eà ualitai eài à atu e,ào l àf e ue iesàa eà
usedàfo àfoodàite àsele io àpu posesà Ta leà àa dà oà
fo alàstaisi alàtestsà e eàappliedài àtheàstud .à

RESULTS

áà totalà ofà à FGsà e eà o du ted.à O e all,à à hild e à
pa i ipatedài àtheàstud .àTheàageàdist i uio à as:à - à ea sà
se o dàg ade;à = ;à - à ea sà thi dàg ade;à = ,àa dà - à
ea sà fou thà g ade;à = .à Withà espe tà toà geog aphi alà

dist i uio ,à à hild e àli edài àtheàNo thà egio ,à ài àtheà
Ce t eà egio ,à ài àLTV,à ài àtheàále tejo,à ài àtheàálga e,à
ài àtheàázo es,àa dà ài àMadei a.

á al sesàofàtheàdataà e eà asedào àth eeàke àthe es:à à
theàp e iousàda sàfoodà o su pio ;à àtheà a à hild e à
epo tedào àtheàp e iousàda sàfoodà o su pio ;àa dà
à ea i gàa dàla elli gàofàspe ii àfoodàite s.

P e ious da ’s food o su pio
O e all,à àfoodàite sà e eàide iiedà à hild e à he à
askedàa outà thei àp e iousàda sà foodà i take.àTheseà foodà
ite sà e eà lassiiedà à esea he sà athe à tha à à theà
hild e àthe sel es ài toàtheàfollo i gàfoodàg oupsà Ta leà
:à à e eals,à e ealà p odu tsà a dàpotatoesà à ite s ;à

Ta le . Food ite s i luded i  the  food ategories

food Groups Des ripio
food items reported

n %

1)  Cereals, cereal products 

    and potatoes

állà t pesà ofà eadà adeà ithà dife e tà t pesà ofà lou à heat,à

holeà heat,à e ài ludi gàtoastedà ead;àallàt pesàofàpasta;à a à

e eals;àallà t pesàofà i e;àpotatoes;às eetàpotatoes;àpotatoà isps;à

ashedà potatoes;à eakfastà e eals;à a ke s;à is uitsà ithoutà

ea ào à ho olate;às eetà o

.

àF uità F eshàf uit;à %àf uitàjui e;à uts;àseeds;àoli es .

àVegeta lesà ‘a àa dà ookedà egeta les;à egeta leàsoup 9.5

àMilkàa dàdai àp odu ts
állà t pesà ofà ilkà hole,à se i-ski ed,à ski ed,à la ou ed ;à

oghu t;à heese
591 14.9

àMeat,àishàa dàeggs

Beef;àpo k;àha u ge s;à hi ke ;àpoult ;à a ,à a edàa dà ookedà

ish;à ishà p odu ts;à usta ea sà a dà ollus s;à eggsà f ied,à oiled,à

s a led,ào eletes ;àha ;àsausage;às ails

546 .

6) Pulses, fresh and processed állàt pesàofà ea s;àle ils;àpeas;àlupi àseeds 0.8

7) Oils and fats
Bute ;à oli eà oilà a dà othe à egeta leà oils;à a ga i e;à ea ;à

a o aise;àpea utà ute
150 .

àBe e ages

Tapà ate ;à otledà ate ;àf uitàjui eà ithàaddedàsuga ;àsotàd i ks;à

la kà ofee;à tea;à al ohol;à othe à hotà d i ksà o oaà o à ho olateà

e e ages;à hiteà ofee ,àf uitàd i ks

449 .

9) Sweet products

Cho olateà a dà ho olateà p odu ts;à i eà ea ;à is uitsà ho olateà

is uits,à ute à is uits ;à akes;às eetàs a ks;àsuga ;àjell ;à ilk- asedà

desse ts;às eets;à ja ;à a alade;àho e ;às eetà eakfastà e eals;à

s eetà e eal- asedà s a ksà e.g.à a s ;à pa akes;à ales;à io hes;à

ilkà eadà olls;à oissa ts;à oissa tsà ithà ho olateàilli g

445 .

à“ a ksàa dàfastàfood Pizza;àhotàdogs;à ui hes;àsa ou àpies;àpast 0.9

11) Mixed dishes Meat- asedàdishes;àish- asedàdishes;àpasta- asedàdishes 84 .

àMis ella eous Vi ega ,àket hup,à usta dàsau e 7 .
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àf uità àite s ;à à egeta lesà àite s ;à à ilkàa dà
dai à p odu tsà à ite s ;à à eat,à ishà a dà eggsà à
ite s ;à à pulsesà à ite s ;à à oilsà a dà fatsà à ite s ;à
à e e agesà à ite s ;à à s eetà foodà à ite s ;à à

s a ksà o -s eet à a dà fastà foodà à ite s ;à à i edà
dishesà àite s ;àa dà à is ella eousà àite s . TheàFGsà
were run during spring and summer, which may explain the 

highà epo tedà o su pio àofài eà ea .
Theà ostà popula à eakfastà hoi esà e e:à ho olateà
e eals,àho e à e eals,àtoast,à ilkàa dà eadà ithà ute ,à
heese,àha ào àja .àCo o àtoàallà hild e à asàtheàfa tà
thatàthei àpa e tsàp epa edà eakfastàfo àthe à hethe à
they (the parents) were present at the meal or not (e.g., 

he à eakfastà asàtake àoutàofàho e .àáà ideà a iet à
ofà foodsà e eà epo tedàasà ei gàeate àasàs a ks,àsu hà
asàsa d i hes,à is uits,à akes,à oghu t,àla ou edà ilk,à
f uitàa dài eà ea .à“ a ksà e eà ostà o o l àeate à
du i gà s hoolà eak-i eà a dà atà ho e,à st aightà ate à
s hool.à “ a ksà i à s hoolà e eà t pi all à oughtà f o à
ho e,à ithàtheàe epio àofàtheàla ou edà ilkà usuall à
ithà ho olate àthatà asàofe edà àtheàs hool.

Theà ajo it àofà hild e àhadàlu hài àtheàs hoolà a tee à
a dàtheà epo i gàofàlu hàfoodà o su pio à asà o eà
olle i eà i ol i gà allà pa i ipa tsà ofà ea hà FG à tha à

individual. All the lunches included vegetable soup, 

eatào àishà ithàpotatoes,àpastaào à i e.à“aladàa dàf uità
e eàopio al,àa dàsoàso eà hild e àdidà otà epo tàtheà
o su pio àofàthoseàfoodàite s.à
The eà e eà o side a leà diffe e esà i à foodà
o posiio à ofà di e à et ee à hild e .à B à o t ast,à
theà o su pio à ofà e e agesà asà o o à du i gà
di e ,àpa i ula l àsotàd i ks,àespe iall ài eàtea.àOfàtheà
totalà o su pio à ofà e e agesà epo tedà à hild e ,à

. %à e eàsotàd i ks.àFi all ,àfe à hild e à epo tedàa à
addiio alàs a kà efo eàgoi gàtoà ed.àWhe àthe àdid,àità
o sistedàofà ake,às eets,à ilkào àtea.

Ho  hild e  epo ted o  the p e ious da ’s food 
o su pio

In general terms, children reported foods chronologically 

f o à theà i stà ite à eate à i à theà o i gà toà theà lastà
item at night), but some foods, such as beverages (e.g. 

ate à e eà oui el à epo tedà o - h o ologi all .à
Mostà hild e à epo tedà th eeà ai à ealsà eakfast,à
lu hà a dà di e .àWithoutà p o ptsà fo à s a ksà Ta leà
à pa i ipa tsà didà otà spo ta eousl à epo tà theà
o su pio à ofà foodsà et ee à eakfastà a dà lu h,à
lu hà a dà di e ,à a d/o à ate à di e .à The à epo tedà
foodà ite sà usi gà theà i eà ofà da à a dà othe à o te ts,à
such as where they were, who they were with, and what 

they were doing as methods of remembering which 

foodsà the à hadà o su ed.à I di idualà hild e à dife edà

i àtheàefo tàthe à adeàt i gàtoà e e e à hatàthe à
ateàdu i gàtheàp e iousàda .àáà u e à e alizedàha i gà
dii uliesà epo i gà hatà the à ateà a dà i à epo i gà
theà ua iiesà ofà thoseà foodsà e e e ed.à Thisà asà
more evident among children in the second grade (7-8 

years old), and was also more evident when children 

e eàaskedàa outà ua iiesàofàsuga ,à ho olate,àho e à
o à ofeeà addedà toà e e agesà Ta leà .à ‘ega di gà
ate à o su pio ,à hild e à epo tedàdife e tàsou es,à

i ludi gà glassesà ofà ate ,à otledà ate à a dà d i ki gà
fou tai s.àMostà hild e à epo tedà theà o su pio àofà
s eetsà a dà akesà thatà othe à pupilsà oughtà toà s hoolà
espe iall ào à i thda sàtoàsha eà ithàthei àpee s ,àate à
the à e eàaskedàfo àfo gote àfoodsà Ta leà .à

Mea i g a d la elli g of spe ii  food ite s
Withà ega dàtoà holeg ai à ead,àso eà hild e àthoughtà
that it was a special type of bread for people who are 

t i gà toà loseà eight;à othe à hild e à u de stoodà ità toà
eàtoastedà eadà Ta leà .àMostà hild e àdife e iatedà
hole,àse i-ski edàa dàski edà ilkào àtheà asisàofà

theà olou àofàtheà otleà Ta leà .
Whe à hild e à e eà askedà Whatà isà i eà teaà adeà
f o ? ,à aà o side a leà à pe e tageà . % à hoà
epo tedà o su i gàthisàsotàd i kàsaidàthatà ità isà adeà
f o à ate à ithàaàs allà ua it àofàsuga à Ta leà .à
‘egio alà o à ultu e-spe ii à te sà e eà alsoà ide iiedà
for some of the food items.

DISCUSSION

The eàisàaà eedàtoàde elopàtoolsàfo àassessi gàfoodài takeà
a o gàPo tugueseà hild e .àThisàstud à asàu de take ài à
o de àtoàide if àa dàsele tàfoodàite sàthatà illà o p iseà
aà o pute - ased,à self-ad i iste edà hD‘à fo àse o d-
fourth grade Portuguese children. It also aimed to gain a 

ete àu de sta di gàofàtheà a àthatà hild e àofàthisàageà
epo tàthei àp e iousàda sàfoodà o su pio ,àth oughàFGà
ethodolog à thatàe a ledàaà o eà i -depthàe plo aio à

ofà foodà o su pio à issuesà tha à isà possi leà ithà lessà
i te a i eà dataà olle io à toolsà su hà asà st u tu edà
uesio ai es.àTheà esultsà ouldàalsoà eàusedàtoà ete à

u de sta dàho àtoàaskà hild e àa outàthei à e e tàfoodà
i takeàth oughàaà o pute izedàfoodà e all,àsu hàasàPáC .
Usuall ,à ualitai eà ethodsà ai à toà aptu eà theà a sà
a dà p o essesà i à hi hà peopleà thi kà a dà eha e.à I à
this study, the main goal was to gather an extensive list 

of words, terms and expressions used by Portuguese 

second to fourth grade children to refer to food items. 

“o,à athe à tha à o du i gà aà phe o e ologi alà o à
i te p etai eà a al sisà ofà theà o te t,à a al sisà ofà theà
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o pusà i.e.,àt a s iptsàofàtheàFGs à asà ai l àta getedà
atàide if i gàthoseàfoodà o dsàa dàte s.à
álthoughà theà FGà te h i ueà hasà sig ii a tà ad a tagesà i à
gathe i gà data,à ità alsoà hasà so eà li itaio s.à Fo à i sta e,à
theà esultsà a otà eà usedà ua itai el ,à a dà theà ualit à
ofà theà dataà o tai edà eliesà toà aà la geà e te tà o à theà skillsà

ofà theà esea he s à i à ha geà ofà theà FGs.à Thisà shouldà eà
take ài toàa ou tà he à e ie i gàtheà esultsàofà ualitai eà
research such as this and when considering how they can, 

a dà should,à eà used.à á othe à li itaio à isà thatà eà ha eà
oà a àofàk o i gà hethe à hatà hild e àsaidà asà eall à

what they had eaten on the previous day, because the 

Ta le . Major repori g issues regardi g pre ious day’s food o su pio  a d i di idual ea i gs a d la elli g of so e food ite s

Food repori g issues Typical comments

Children reported the three 

ai à ealsà i stà eakfast,à
lunch and dinner) and then 

s a ks,àate àspe ii àp o pi gà
fo às a ks.

ModeratoràI dàlikeàtoàk o à hatà ouàateà este da àf o à he à ouà okeàupàu ilà ouà e tàtoà ed.
ChildàIàateà eadà ithà ute àa dàaàglassàofà ilkà ithàNes uik1. 

Moderatoràá dàthe ?
Child I ate cabbage soup and cod with potato.

Moderator á dàthatà asà ou àlu h?
Child Yes. 

Moderator á dàthe à hat?à
ChildàPizza.
Moderatoràá dàthe ?
ChildàThe àisàtheà e tàda .
Moderator Youàtoldà eà thatà i à theà o i g,à ouàateà eadà ithà ute àa dà ilkà ithàNes uik1. And 

et ee à eakfastàa dàlu h,àdidà ouàeatào àd i kàa thi g?
Childàáh,àIàd a kà ilkàa dàIàateàaàchipicao .

Des ipio à ofà foodà ua iiesà
asàdii ultàfo àso eà hild e ,à

especially for sugar, chocolate, 

ho e à o à ofeeà addedà toà
beverages.

ModeratoràOk.àá dàifàIàaskà ouàa outàho à u hàsuga à asài à ou à ilk,à a à ouàtellà e?
Child No.

ModeratoràHo à a àspoo sàofà ho olateàdidà ouàaddàtoà ilk?à
Child Iàdo tàk o .àM à othe àputsàsuga ài à à ilkàe e àda .

Theà ajo it à ofà hild e à
epo tedàs eetsàa dà akesàthatà

children brought to school on 

i thda sà ate à p o pi gà fo à
fo gote àfoodàite s.

Moderator One thing that surprises me is that nobody besides these two girls ate chocolate or sweets yesterday.

Child I did.

ChildàIàthi kàIàdidàtheàda à efo eà este da .
Child I had a croissant.

ChildàYeste da àIàd a kàaàjui e.
Child I only have them on birthdays.

Child Every day I eat at least two chocolate biscuits.

ChildàIàeatà o eào à“u da s,àthat sàtheàda àIàgoàtoà àg a d othe sàhouseàa dàsheàgi esà eàpast ies.
Child Yesterday I ate a pastel de nata . 

Moderatorà“o,àIàthi kàthat sà ete ,àatàtheàe dàofàtheàga eàthatàI àde elopi g,àtoàaddàaà uesio àlikeàthis:à
Didà ouàeatàs eetsà este da ? àWhatàdoà ouàthi kàa outàthat?

Children Good.

Individual meanings and 

la elli g of so e food ite s
Typical comments

Some children thought that 

wholegrain bread was a special 

type of bread for people who 

a eà t i gà toà loseà eight;à fo à
othe à hild e àità asàlikeàtoast.

ModeratoràThatà eadà[you said you ate yesterday]…à asàità e à hiteào à athe àda k?
ChildàDa k.
ModeratoràWhoàeatsà hiteà ead?
Children Me.

Moderatoràá dàda k?
Child Just him.

ModeratoràOk,à utà efo eàtheà eadà e tàtoàtheàtoaste ,à hatà olou à asàit?à
ChildàWhite.àItà asà o alà ead.àItà asàda kàoutsideà utài sideàità asà hite.
ModeratoràWhoà a àsa à hatà holeg ai à ead is?à
Child Wholeg ai à eadàisàfo àpeopleà hoàa eàt i gàtoàloseà eight.à …
ChildàIt sàso ethi gàthatàhelpsà ouàloseà eightàa dàitàalsoàhasàlitleà o àdots.à

Theà ajo it à ofà hild e à
lassiiedà i eà teaà asà la ou edà
ate à ithà oà o à litleà addedà

sugar.

Moderatoràá dà ou?àTellà eà hatàdoà ouàthi kà hatài eàteaàis.
ChildàIt sàaà itàlikeàtea.
ModeratoràIt sàaà itàlikeàtea.àá dàdoà ouàthi kàitàhasàaàlitleào àaàlotàofàaddedàsuga ?
Childàáàlitle.

1Nes uik:à ho olateàpo de àfo à ilk;à Chipi ao:àaàs eetàilledà oissa t ,à Pastelàdeà ata:àaàt adiio alàpo tugueseà ake.
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data were not validated with a method such as face-to-face 

hD‘à o à di e tà ealà o se aio s.à Fu the o e,à si eà
theà o je i eà ofà thisà stud à asà otà toà a al zeà hild e sà
dieta à epo i gà a u a ,à theà esultsà shouldà otà eà
i te p etedà asà su h.à á othe à pote ialà li itaio à ofà thisà
stud àisàtheàge e i à atu eàofàtheàautho s à uesio sài àtheà
FGsà ega di gà ua iiesàofàfoodà o su ed.àFutu eà esea hà
shouldàuseà o eàapp op iateàtoolsàfo àassisi gà hild e ài à
thisàesi aio ,àsu hàasàfoodàphotog aphs.àFi all ,àitàisàalsoà
possi leà thatà so eà hild e à e eà u illi gà toà talkà a outà
thei à foodà o su pio à i àaàg oupàsei gà e auseàofà theà
se sii it àofàtheseàissues.à
In this study, children from second to fourth grade (7 to 

- ea -olds à e eà askedà toà epo tà thei à p e iousàda sà foodà
o su pio ,à ithoutà assista eà f o à pa e tsà o à tea he s.à
Thisàisài po ta t,à e auseàlite atu eàsuggestsàthatàpa e tsàla kà
i st-ha dà k o ledgeàofà thei à hild e sà i takeà atà s hoolà a dà
also because there is evidence that children of this age are 

able to respond adequately to self-report methods such as 

dietary recalls11. Answers regarding food items were grouped 

à esea he sà he àa al zi gàtheà olle tedàdata ài toà àfoodà
g oups.à Theà atego izaio à ofà theseà g oupsà asà asedà o à aà
o i aio àofài di gsàf o ài te aio alàdieta àsu e s - . 

Whe àaskedàa outà hatàthe àhadàeate àtheàp e iousàda ,à
children generally reported foods chronologically (from 

theà i stà ite à eate à i à theà o i gà toà theà lastà ite à atà
ight .àButàso eàfoods,àsu hàasà e e agesà e.g.à ate à e eà
oui el à epo tedà o - h o ologi all .à“u a àet al  found 

theàsa eà esultsài àfo ai eà esea hào àaà ui kàlist àfo àaà
o pute izedàdieta à e all.à‘ega di gàtheài te ie àfo atà
ope à o à st u tu edà à ai à eals ,à Ba te à et al  found 

that although more items were reported as being eaten in a 

structured meal interview format than in an open interview 

fo at,à a u a à asà ete à ithàope à fo atà i te ie s,à
ithà lo e à i t usio àa dà totalà i a u a à ates.àWeà fou dà

thatà hild e à didà otà epo tà theà o su pio à ofà s a ksà
spo ta eousl ,à utà i à theà ajo it à ofà asesà o l à he à
spe ii à eal/s a kà a eàp o ptsà e eàused.à“u a àet al 

àa dà Foste àet al ,à ate à tesi gà t oà e sio sà ofà aà ui kà
list àfo à e e e i gàfoodsà o su edào àtheàp e iousàda à
ope àfo atà e susà ealà fo at ,à fou dàthatàpa i ipa tsà

showed a strong preference for the meal-based format. 

Fu the àstudiesàshouldà eà a iedàoutà efo eàde idi gào àtheà
i te ie àfo atàfo àPáC .à
Students used a wide variety of retrieval categories when 

epo i gà o su pio .à FGà pa i ipa tsà f o à thisà stud à
usedà theà i eà ofà da à a dà othe à o te tsà asà uesà fo à
remembering which foods they had consumed. According 

toàBa te àet al , foodà atego àp o pi gàslightl ài p o esà
recall accuracy among fourth graders, but only in half of 

theà hild e à hoà e ei edàit.àWeàfou dàthatà ostà hild e à
epo tedà theà o su pio à ofà s eetsà o l à ate à spe ii à

p o pi gà fo à fo gote à foods.à Thisà suggestsà thatà aski gà
hild e à a outà easil à fo gote à foodsà e.g.,à foodsà thatà a eà
usuall àtake àoutsideà ai à eals à a àha eàa ài po ta tà oleà
in increasing the accuracy of self-administered automated 

e alls.àFu the à esea hàshouldàthusà eà o du tedài ào de à
toà alidateàtheàfoodàp o ptsàthatà illà eài ludedài àPáC .
Fu the o e,à otà allà hild e à e eà a leà toà epo tà foodsà
ithoutàaàsig ii a tàefo t;à othàdes ipio sàa dà ua iiesà

ofàfoodà e eàdii ultàfo àso eà hild e àtoà e all.à‘esea hà
i di atesà thatà hild e à ha eà o side a leà dii uliesà i à
a u atel àesi ai gà ua iiesàeate . 

Weà ide iiedà so eà egio alà o à ultu e-spe ii à a esà
at i utedà à hild e àtoàso eàfoodàite sàthatà illà eàtake à
i toà a ou tà fo à theà sot a eà de elop e t.à Theà FGsà alsoà
sho edàthatàtheà ajo it àofà hild e àdidà otàu de sta dàtheà
ut iio alà o posiio àofàso eàfoodàite sà e.g.,ài eàteaàa dà
holeg ai à ead .àThisàhighlightsàtheà eedàtoài easeàtheà
ut iio alàlite a àofàthisàage-g oup.

I àsu a ,àaà e à ethodàfo àassessi gàfoodàa dà ut iio à
i takeàofàPo tugueseàs hool-ageà hild e àisà u e tl à ei gà
de eloped:à PáC .à I à o de à toà desig à thisà e - asedà
uesio ai e,à aà ualitai eà app oa hà asà follo ed,à ithà

dataà olle io à a iedà outà usi gà FGs.à Thisà stud à e i hedà
the pool of food items that had been developed based on a 

literature review and also revealed the main ways in which 

hild e à epo tà thei à p e iousà da sà foodà o su pio ,à asà
ellàasàdife e tà ea i gsàa dàla elli gàofàso eàspe ii àfoodà

ite s,àthatàshouldà eàtake ài toàa ou tài àtheàde elop e tà
ofà PáC .à Futu eà esea h,à pa i ula l à o te tà alidaio à
àe pe ts,àusa ilit àtestsàa dà ite iaà alidaio ,àshouldà eà

a iedàoutài ào de àtoà alidateàPáC àfo àuseài àPo tugueseà
school-age children. 
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Appendix II: 

Validation of the Portuguese self-administered computerised 24-hour 

Dietary Recall (PAC24) among second-, third- and fourth-grade children 
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Abstract

Background: Current methods for assessing children’s dietary intake, such

as interviewer-administered 24-h dietary recall (24-h DR), are time consum-

ing and resource intensive. Self-administered instruments offer a low-cost

diet assessment method for use with children. The present study assessed

the validity of the Portuguese self-administered, computerised, 24-h DR

(PAC24) against the observation of school lunch.

Methods: Forty-one, 7–10-year-old children from two elementary schools,

in Lisbon, were observed during school lunch followed by completion of

the PAC24 the next day. Accuracy for reporting items was measured in

terms of matches, intrusions and omissions; accuracy for reporting amounts

was measured in terms of arithmetic and absolute differences for matches

and amounts for omissions and intrusions; and accuracy for reporting items

and amounts combined was measured in terms of total inaccuracy. The

ratio of the estimated weight of food consumed with the actual weight con-

sumed was calculated along with the limits of agreement using the method

of Bland and Altman.

Results: Comparison of PAC24 against observations at the food level

resulted in values of 67.0% for matches, 11.5% for intrusions and 21.5% for

omissions. The mean for total inaccuracy was 3.44 servings. For amounts,

accuracy was high for matches (�0.17 and 0.23 servings for arithmetic and

absolute differences, respectively) and lower for omissions (0.61 servings)

and intrusions (0.55 servings). PAC24 was found to under-estimate the

weight of food on average by 32% of actual intake.

Conclusions: PAC24 is a lower-burden procedure for both respondents and

researchers and, with slight modification, comprises a promising method for

assessing diet among children.

Introduction

Valid methods of assessing dietary intake are required to

better understand what children are eating, what corre-

lates with intake, and to evaluate dietary change inter-

vention programmes (Livingstone et al., 2004). The

interviewer-administered 24-h dietary recall (24-h DR) is

the most commonly used method for dietary surveys and

is often used to collect information from children, despite

self-report being prone to errors (McPherson et al., 2000;

Andersen et al., 2011). Moreover, interviewer-adminis-

tered 24-h DRs are expensive because of the need for

highly-trained interviewers, multiple days of assessment

to attain acceptable reliability, and specialised software to
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elict and record the foods consumed, and to convert this

detailed information into servings and nutrients con-

sumed (Baranowski et al., 2002). Interactive multimedia

provides potentially powerful tools for assessing diet by

capturing children’s attention, graphically displaying

foods and manipulating images to estimate portion size

(Baranowski et al., 2002). Computerised 24-h DRs have

been developed and used successfully with adults and

children in the USA (Baranowski et al., 2002, 2012b;

Subar et al., 2012) and in children and adolescents in

Europe (Vereecken et al., 2005; Moore et al., 2008; Foster

et al., 2013a). Although 8–9-year-old children tended to

have more difficulty with food-categorisation tasks and

took more time to complete these tasks (Baranowski

et al., 2010), there appears to be a fairly rapid increase in

the ability of children to participate in unassisted recalls

for foods eaten in the immediate past at approximately

7–8 years of age (Livingstone et al., 2004).

The school environment provides a unique opportunity

to validate parts of children’s 24-h DR through lunch

observations. Foods eaten at school are important because

a significant percentage of a child’s total daily intake is

consumed at school. Reference information in most vali-

dation studies in which children have provided diet

recalls without parental assistance has been obtained by

observing one or two school meals (Simons-Morton &

Baranowski, 1991; Domel et al., 1994; Baxter et al., 2000,

2001, 2002; Baranowski et al., 2002, 2012a; Paxton et al.,

2011; Richter et al., 2012). Direct observation of meals is

often considered the ‘Gold standard’ by which dietary

assessment tools are validated (Simons-Morton & Bara-

nowski, 1991) because it is practical and economical in

school/institutional settings, independent of the subject’s

memory, and can provide accurate unbiased information

about the subject’s actual intake.

The present study validated a new multimedia dietary

assessment programme – the Portuguese self-adminis-

tered computerised 24-h DR (PAC24) – completed

directly by second-, third- or fourth-grade children (7–
10 years old) on a computer against observation of con-

sumption at school lunch. Validation of the PAC24 is

critical because it will be used to monitor the dietary

intake of Portuguese school-age children, which will pro-

vide the basis for epidemiological studies on the links

between diet and health, in turn contributing to public

health policy and the design of national health

programmes.

Materials and methods

The Ethics Committee of the Faculty of Medicine of Lis-

bon approved the present study. Second-, third- or

fourth-grade students (7–10 years old) from two elemen-

tary schools in 2013 were asked to participate. Schools

were selected using a purposive sampling with authorisa-

tion and active collaboration from the Portuguese Minis-

try of Education. School inclusion criteria were: located

in Lisbon and Tagus Valley region, covering second to

fourth grades, and being a school with Internet access,

with computers/laptops available to children. The Portu-

guese Ministry of Education identified three schools

according to these inclusion criteria. Two agreed to par-

ticipate (one of which was located in a lower income

neighborhood). In each school, children from the second,

third and fourth grades were randomly selected. Written

informed consent was obtained from parents. Data were

collected by school lunch observations and the PAC24 the

day after. The target reference period for the study was

midnight to midnight of the previous day. No incentives

were provided to students for participating.

Portuguese self-administered computerised 24-h dietary

recall

The PAC24 comprises software, designed for use with sec-

ond-, third- or fourth-grade Portuguese children, which

uses interactive multimedia to facilitate a child’s self-

report of diet by simulating a multiple pass 24-h DR. The

system automatically records and stores the appropriate

food composition code and gramme-weight of each item

selected with portion size assesment based on a system

developed specifically for use with children (Foster et al.,

2013b). Multiple food images are presented in progres-

sively larger amounts on the same screen to enable chil-

dren to quickly report food portion size (Islam et al.,

2013).

The first stage is the ‘child identity card’, where chil-

dren provide their personal data (name, age, school

grade). The second stage is the ‘food list’, where the user

is queried about what meals and snacks were eaten on

the previous day (first, the system asks for breakfast, then

lunch, dinner and, finally, snacks). A search system

(including spell check with many common misspellings

of food names) then locates and displays foods automati-

cally when matches are detected. Each meal has a box

where children type in all of the foods and drinks that

they remember consuming the previous day. Next, the

user is presented with an ‘incomplete food list’, which

contains food items requiring further information on the

types and portion sizes of food/drink consumed. Clicking

on an item in the ‘incomplete food list’ results in a

request for portion size information. For the majority of

foods recorded, the child is asked to identify the amount

of food served using seven food images (ranging from the

5th to 95th centile of weight served to children in the UK

National Diet and Nutrition Survey (Gregory et al., 2000)
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and the amount of food left over, if any, using a selection

form with seven food images (from the 5th centile to the

smallest presentable portion) to reflect the amount con-

sumed. For foods that are usually served in predeter-

mined amounts, a range of commonly consumed portion

sizes is displayed in one photograph and the child is

asked to select one portion size and then is asked about

how many servings they ate. If no image is available for a

specific food item, a description of the amount served

and left over is entered manually. Once all details for

consumed foods have been entered, the system prompts

the user to provide the approximate time and place where

each meal or snack was consumed. As a final check, the

user is shown a summary of all items of food and drink

recorded throughout the day. A button allows the user to

return to the incomplete food list at any time during the

process to add a forgotten item. In a nutshell, the PAC24

is a web application developed in PHP (Hypertext Pre-

processor; http://php.net) and backed by a MySQL data-

base (http://www.mysql.com/). User data are collected

through a web interface, rendered on any JavaScript

enabled browser and, subsequently, exported to EXCEL for-

mat (Microsoft Corp., Redmond, WA, USA).

Measures: school lunch observations and the Portuguese

self-administered, computerised, 24-h dietary recall

One trained nutritionist and four trained nutrition sci-

ence students conducted observations in the school cafe-

teria during usual school lunchtime. Two children were

observed at the same table by one observer. Observers

had school menus but walked through the lunch line

before the children arrived to assess whether what was

served corresponded to what was on the menu and also

to weigh the foods that would be served to children.

School lunches had several components: (i) soup as the

first course; (ii) meat or fish with rice, pasta, potatoes

and/or pulses as the main course; (iii) vegetables (lettuce,

tomato or carrot); (iv) fruit/dessert; (v) bread; and (vi)

water. All children had access to the same first and main

course. Vegetables, fruit/dessert, bread and water were

optional for all children because cooks only served these

food items if children asked for them. Children received

the same food portion size of each food because food was

served to children by the cooks. Each child under obser-

vation was identified unobtrusively by their teacher at the

beginning of the lunch period. As the child left the school

service line, the observer recorded the number and

amount of each item on the child’s tray. The observer

then positioned herself to clearly observe both children.

During the meal, the observer recorded the amounts of

all foods traded (i.e. food obtained from or given to other

children at the table) and any food spilled or dropped on

the floor. At the end of the meal, the observer recorded

the amount of each food left on the tray using kitchen

scales (Vitalia, BC-200, Fagor, Mondragon, Spain). Stan-

dard observation training procedures were employed (Si-

mons-Morton & Baranowski, 1991). Eaten foods and

respective amounts were recorded and correlated with

later student response options on the PAC24. Using

inter-observer realibility (IOR) procedures (Baglio et al.,

2004), during training and data collection, observations

for the same student were compared across pairs of

observers. IOR was calculated as the percentage of agree-

ment between two observers (amount of food/beverage

items served and amount of food/beverage eaten). IOR

had to exceed 85% (IOR = 86.9%) for data collection to

proceed.

The PAC24 was conducted the day after lunch observa-

tions in a private location at school on a computer or

laptop computer with Internet access (most PAC24s were

conducted in the morning before lunch to enable obser-

vation of school lunch for the next day’s PAC24). The

PAC24 was completed by children who were observed the

day before. During the PAC24 administration, assistance

was provided by one nutritionist to children who pre-

sented with questions such as: (i) how to spell a word;

(ii) what to do when the system did not recognise more

than one food per line at the second stage; (iii) what to

do when the system did not present exactly the same

food in the portion size image as the child had reported

consuming; and (iv) what to do if they did not know

what time they ate meals.

Statistical analysis

Lunch observations were used to validate the PAC24. The

PAC24 covered a full 24-h period, whereas school lunch

observation only covered the previous day’s lunch con-

sumption. Statistical weights were assigned to meal com-

ponents to reflect their importance: combination entree

(e.g. hamburger on bun) multiplied by 2, and remaining

components (e.g. chicken, milk, apple, peas) multiplied

by 1, so that errors in reporting entrees counted more

than errors in reported sides and drinks (Baxter et al.,

2000, 2002, 2003; Baxter, 2009). Condiments were not

assessed because condiments were not available to chil-

dren during the lunch period. Nutritionists compared the

sets of data by hand and assigned all foods by meal into

the categories: matches (reported in both records being

compared), intrusions (reported in the PAC24 but not by

the validator) or omissions (reported in the validator but

not in the PAC24) for each individual separately. Because

foods can be reported in many ways, items were scored

as matches unless it was clear that the child’s recall did

not describe an observed food. Examples of items
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observed and reported as matches were all types of milk

(e.g. skim, semi-skim) and all types of vegetable soup

(pea soup, spinach soup). Fruit, vegetables and breads

that differed were not considered matches. Rates per stu-

dent for each lunch were calculated for each of the three

categories (Table 1).

In addition, to evaluate children’s accuracy of reported

amounts, observed and reported amounts were scored

in servings (0.0 = none, 0.1 = taste, 0.25 = little bit,

0.5 = half, 0.75 = most, 1 = all, or the actual number of

servings if more than 1) (Baxter et al., 2000). Total innacu-

racy [total inaccuracy = (absolute difference between

amounts reported and observed eaten for each match 9

statistical weight) + (each omitted amount 9 statistical

weight) + (each intruded amount 9 statistical weight)

summed over all items at school lunch for each child] was

calculated as a measure that combined accuracy for report-

ing of items and amounts, although it fails to indicate

whether errors are the result of omissions, intrusions or

incorrectly reported amounts. A total inaccuracy score of

zero indicated a perfect recall compared to observation

(Baxter et al., 2002).

To analyse accuracy for reported amounts (in servings)

for matches, arithmetic differences for matches [arithme-

tic differences for matches = {sum [(amount reported �
amount observed for each match) 9 weight]}/(weighted
number of matches)] and absolute differences for matches

[absolute differences for matches = {sum [(absolute dif-

ference between amounts reported and observed for each

match) 9 weight]}/(weighted number of matches)] were

calculated; amounts for omissions [amounts for omis-

sions = {sum [(amount observed but not reported for

each omission) 9 weight]}/(weighted number of omis-

sions)] and intrusions [amounts for intrusions = {sum
[(amount not observed but reported for each intru-

sion) 9 weight]}/(weighted number of intrusions)] were

also calculated to assess whether these errors in reporting

involved small or large amounts of servings (Baxter et al.,

2009a). Values close to zero for arithmetic and absolute

differences for matches, and amounts for omissions and

intrusions, represented high accuracy.

For those food items that were correctly reported

(matches), the method of Bland & Altman, (1986) was

used to assess the accuracy of estimates of food weight

reported using the PAC24 by calculating the ratio of esti-

mated food weight (by the PAC24) to actual food weight

intake as measured by the lunch observations (Table 2).

After cleaning and validation, data were converted and

exported to a database for statistical analysis in SPSS,

version 21 (IBM Corp., Armonk, NY, USA). Differences

between groups (gender and grade) were examined for

the percentage of foods matched, omitted and intruded,

and, for total inaccuracy, arithmetic differences for

matches, absolute differences for matches, amounts for

omissions, and amounts for instrusions (Table 1). Vari-

ables were tested by gender and grade for normality. Per-

centages of foods omitted and intruded, and also total

inaccuracy, amounts for omissions, and amounts for

instrusions were found to be highly positively skewed.

The mean value between two independent samples was

calculated using an independent sample t-test. The non-

parametric alternative was the Mann–Whitney U-test.

Analysis of variance was used to compare the mean values

between more than two independent samples after testing

for normality and homogeneity. The nonparametric alter-

native test was the Kruskal–Wallis test. P < 0.05 was con-

sidered statistically significant.

Log transformations were applied to approximate nor-

mality. Accuracy of estimates of food weight using the

PAC24 was assessed by calculating the mean ratio of esti-

mated weight to actual weight (1 indicated an exact

agreement of the two methods at the group level) and

the limits of agreement were calculated as the mean

ratio (�1.96 SD) to give a measure of precision

(Table 2).

Results

In total, 44 students returned the signed assent and

parental consent forms indicating their agreement to par-

ticipate. However, PAC24 data from three students were

lost. Accordingly, data collection included 41 students (24

girls corresponding to 58.5% of the sample). Most chil-

dren were 10 years old (34.1%), with some being 9 years

(31.7%), 8 years (24.4%) and 7 years (9.8%). The mean

(SD) age was 8.9 (1.0) years.

Sixty-seven percent of foods reported were matches of

specific foods, 21.5% were omissions and 11.5% were

intrusions (Table 1). Items that were most often omitted

were vegetables (39.7%) and sweets (15.1%). Items with

the highest percentage of intrusions were beverages

(38.2%).

Table 1 also shows the results for total inaccuracy,

amounts for matches, omissions and intrusions by gen-

der and grade. The total inaccuracy measure for each

recall, based on all items observed and recalled across

lunch, captured the total error, in servings, of the die-

tary recall. Total inaccuracy (3.44 servings) was low. For

matches, mean arithmetic difference per serving in

amounts reported was �0.17, indicating an overall slight

tendency to under-report amounts of items actually

eaten; the mean absolute difference per serving was 0.23.

Mean amounts of omitted and intruded items per

serving were 0.61 and 0.55, respectively. There were no

statistically significant differences by gender or grade

(P > 0.05).

4 ª 2014 The British Dietetic Association Ltd.

Validation of the PAC24 M. A. Carvalho et al.



T
a
b
le

1
M
ea
n
(S
D
)
fr
eq

u
en

ci
es

fo
r
o
u
tc
o
m
e
va
ri
ab

le
s
co
m
p
ar
in
g
th
e
Po

rt
u
g
u
es
e
se
lf
-a
d
m
in
is
te
re
d
,
co
m
p
u
te
ri
se
d
,
2
4
-h

d
ie
ta
ry

re
ca
ll
(P
A
C
2
4
)
to

lu
n
ch

o
b
se
rv
at
io
n
s
am

o
n
g
ch
ild
re
n
ag

es
7
–1

0

(n
=
4
1
)
b
y
g
en

d
er

an
d
sc
h
o
o
l
g
ra
d
e

C
h
ar
ac
te
ri
st
ic

n
(%

)

%
Fo
o
d
s

m
at
ch
ed

at
fo
o
d

le
ve
l
(S
D
)*

,†

%
Fo
o
d
s

o
m
it
te
d

at
fo
o
d

le
ve
l
(S
D
)*

,‡

%
Fo
o
d
s

in
tr
u
d
ed

at
fo
o
d

le
ve
l
(S
D
)*

,§

To
ta
l

in
ac
cu
ra
cy

(in
se
rv
in
g
s)
*
,¶

A
ri
th
m
et
ic

d
if
fe
re
n
ce
s

fo
r
m
at
ch
es

(in
se
rv
in
g
s)
*
, *
*

A
b
so
lu
te

d
if
fe
re
n
ce
s

fo
r
m
at
ch
es

(in
se
rv
in
g
s)
*
,†
†

A
m
o
u
n
ts

fo
r

o
m
is
si
o
n
s

(in
se
rv
in
g
s)
*
,‡
‡

A
m
o
u
n
ts

fo
r

in
tr
u
si
o
n
s

(in
se
rv
in
g
s)
*
,§
§

G
en

d
er

B
o
y

1
7
(4
1
.5
)

6
5
.0

(2
7
.1
)

2
1
.2

(2
3
.8
)

1
3
.8

(1
1
.6
)

3
.4
6
(2
.7
2
)

0
.1
6
(0
.1
4
)

0
.1
9
(0
.1
7
)

0
.4
6
(0
.4
8
)

0
.6
6
(0
.5
1
)

G
ir
l

2
4
(5
8
.5
)

6
8
.4

(1
8
.9
)

2
1
.7

(1
6
.8
)

1
0
.0

(1
2
.4
)

3
.4
3
(2
.0
5
)

0
.1
8
(0
.2
5
)

0
.2
6
(0
.2
0
)

0
.7
1
(0
.4
3
)

0
.4
7
(0
.5
2
)

P-
va
lu
e

0
.6
3
9
¶¶

0
.5
6
5
*
*
*

0
.2
1
9
*
*
*

0
.7
4
0
*
*
*

0
.7
9
6
¶¶

0
.2
1
0
¶¶

0
.0
7
5
*
*
*

0
.3
1
5
*
*
*

G
ra
d
e

Se
co
n
d

1
2
(2
9
.3
)

6
9
.7

(2
1
.2
)

1
8
.7

(1
4
.5
)

1
1
.7

(1
0
.9
)

2
.7
6
(2
.0
8
)

0
.1
1
(0
.1
3
)

0
.1
6
(0
.1
8
)

0
.6
7
(0
.4
9
)

0
.5
8
(0
.5
1
)

Th
ir
d

1
5
(3
6
.6
)

6
0
.3

(2
7
.3
)

2
9
.7

(2
4
.9
)

1
0
(1
2
.9
)

4
.2
8
(2
.7
9
)

0
.1
8
(0
.2
7
)

0
.2
8
(0
.1
8
)

0
.6
4
(0
.4
1
)

0
.4
7
(0
.5
2
)

Fo
u
rt
h

1
4
(3
4
.1
)

7
1
.9

(1
6
.8
)

1
5
.1

(1
3
.8
)

1
3
.1

(1
2
.9
)

3
.1
3
(1
.7
9
)

0
.2
1
(0
.1
9
)

0
.2
4
(0
.2
0
)

0
.5
2
(0
.5
0
)

0
.6
1
(0
.5
6
)

P-
va
lu
e

0
.3
5
0
†
†
†

0
.2
4
8
‡
‡
‡

0
.5
8
6
‡
‡
‡

0
.1
6
3
‡
‡
‡

0
.4
5
0
†
†
†

0
.2
5
2
†
†
†

0
.2
5
4
‡
‡
‡

0
.5
5
4
‡
‡
‡

To
ta
l

4
1
(1
0
0
.0
)

6
7
.0

(2
2
.4
)

2
1
.5

(1
9
.5
)

1
1
.5

(1
2
.1
)

3
.4
4
(2
.3
2
)

0
.2
3
(0
.1
9
)

0
.1
7
(0
.2
1
)

0
.6
1
(0
.4
6
)

0
.5
5
(0
.5
2
)

*
A
st
at
is
ti
ca
l
w
ei
g
h
t
w
as

as
si
g
n
ed

to
ea
ch

it
em

b
y
m
ea
l
co
m
p
o
n
en

t
w
it
h
co
m
b
in
at
io
n
en

tr
ee

=
2
an

d
m
ea
l
co
m
p
o
n
en

ts
=
1
.

†
%

Fo
o
d
s
m
at
ch
ed

at
fo
o
d
le
ve
l
=
[s
u
m

o
f
w
ei
g
h
te
d
m
at
ch
es
/(
su
m

o
f
w
ei
g
h
te
d
m
at
ch
es

+
su
m

o
f
w
ei
g
h
te
d
o
m
is
si
o
n
s
+
su
m

o
f
w
ei
g
h
te
d
in
tr
u
si
o
n
s)
]
9

1
0
0
.

‡
%

Fo
o
d
s
o
m
it
te
d
at

fo
o
d
le
ve
l
=
[s
u
m

o
f
w
ei
g
h
te
d
o
m
is
si
o
n
s/
(s
u
m

o
f
w
ei
g
h
te
d
m
at
ch
es

+
su
m

o
f
w
ei
g
h
te
d
o
m
is
si
o
n
s
+
su
m

o
f
w
ei
g
h
te
d
in
tr
u
si
o
n
s)
]
9

1
0
0
.

§
%

Fo
o
d
s
in
tr
u
d
ed

at
fo
o
d
le
ve
l
=
[s
u
m

o
f
w
ei
g
h
te
d
in
tr
u
si
o
n
s/
(s
u
m

o
f
w
ei
g
h
te
d
m
at
ch
es

+
su
m

o
f
w
ei
g
h
te
d
o
m
is
si
o
n
s
+
su
m

o
f
w
ei
g
h
te
d
in
tr
u
si
o
n
s)
]
9

1
0
0
.

¶ T
o
ta
l
in
ac
cu
ra
cy

=
(a
b
so
lu
te

d
if
fe
re
n
ce

b
et
w
ee
n

am
o
u
n
ts

re
p
o
rt
ed

an
d

o
b
se
rv
ed

ea
te
n

fo
r
ea
ch

m
at
ch

9
st
at
is
ti
ca
l
w
ei
g
h
t)
+
(e
ac
h

o
m
it
te
d

am
o
u
n
t
9

st
at
is
ti
ca
l
w
ei
g
h
t)
+
(e
ac
h

in
tr
u
d
ed

am
o
u
n
t
9

st
at
is
ti
ca
l
w
ei
g
h
t)
su
m
m
ed

o
ve
r
al
l
it
em

s
at

sc
h
o
o
l
lu
n
ch

fo
r
ea
ch

ch
ild
.

*
*
A
ri
th
m
et
ic

d
if
fe
re
n
ce
s
fo
r
m
at
ch
es

=
{s
u
m

[(
am

o
u
n
t
re
p
o
rt
ed

�
am

o
u
n
t
o
b
se
rv
ed

fo
r
ea
ch

m
at
ch
)
9

w
ei
g
h
t]
}/
(w

ei
g
h
te
d
n
u
m
b
er

o
f
m
at
ch
es
).

†
†
A
b
so
lu
te

d
if
fe
re
n
ce
s
fo
r
m
at
ch
es

=
{s
u
m

[(
ab

so
lu
te

d
if
fe
re
n
ce

b
et
w
ee
n
am

o
u
n
ts

re
p
o
rt
ed

an
d
o
b
se
rv
ed

fo
r
ea
ch

m
at
ch
)
9

w
ei
g
h
t]
}/
(w

ei
g
h
te
d
n
u
m
b
er

o
f
m
at
ch
es
).

‡
‡
A
m
o
u
n
ts

fo
r
o
m
is
si
o
n
s
=
{s
u
m

[(
am

o
u
n
t
o
b
se
rv
ed

b
u
t
n
o
t
re
p
o
rt
ed

fo
r
ea
ch

o
m
is
si
o
n
)
9

w
ei
g
h
t]
}/
(w

ei
g
h
te
d
n
u
m
b
er

o
f
o
m
is
si
o
n
s)
.

§
§
A
m
o
u
n
ts

fo
r
in
tr
u
si
o
n
s
=
{s
u
m

[(
am

o
u
n
t
n
o
t
o
b
se
rv
ed

b
u
t
re
p
o
rt
ed

fo
r
ea
ch

in
tr
u
si
o
n
)
9

w
ei
g
h
t]
}/
(w

ei
g
h
te
d
n
u
m
b
er

o
f
in
tr
u
si
o
n
s)
.

¶¶
t-
te
st
.

*
*
*
M
an

n
–W

h
it
n
ey

U
-t
es
t.

†
†
†
O
n
e-
w
ay

an
al
ys
is
o
f
va
ri
an

ce
.

‡
‡
‡
K
ru
sk
al
–W

al
lis

te
st
.

5ª 2014 The British Dietetic Association Ltd.

M. A. Carvalho et al. Validation of the PAC24



Use of the PAC24 led to underestimates of the weight

of food on average by 32% of the actual intake. The lim-

its of agreement for food consumption ranged from an

under-estimation of 85% to an over-estimation of 218%.

Accuracy of estimates of intake using the PAC24 were

lower for the intake of pulses with wide limits of agree-

ment (from an under-estimate of 94% to an over-esti-

mate of 359%) (Table 2). Sweet products and vegetables

were the most accurately estimated foods (Table 2).

Observers indicated some problems occurred in com-

pleting the PAC24. Younger children (second grade)

experienced more difficulty in completing the PAC24

than third- and fourth-grade children. Other problems

included: (i) instruction boxes were frequently ignored

and sometimes children were unable to understand their

meaning; (ii) misspelled search terms and more than one

food item per line at the second stage resulted in search

failures; (iii) in some cases, the food images shown at the

third stage did not correspond to the food item written

by the children at the second stage (e.g. children write

mackerel and the image shown is salmon filets); (iv)

unintentional clicking of buttons (e.g. instead of clicking

on the ‘back’ button of the PAC24 to return to the previ-

ous page, some children clicked on the Internet ‘back’

button, which meant they had to start over again); (v)

unable to understand what to do at a specific stage, par-

ticulary in the third stage regarding food type and por-

tion sizes, and in the fourth stage where younger children

were unable to give information about what time they ate

the meals (Table 3).

Discussion

Use of the PAC24 attained a high match rate (67.0%)

and a low level of intrusions (11.5%) and omissions

(21.5%), although there was substantial variability, espe-

cially for omissions (�19.5%) and intrusions (�12.1%).

Mean match values were somewhat higher than previ-

ously reported for FIRSSt (8–13-year-old children) (Bara-

nowski et al., 2002) and an early version of ASA24, both

of which employed observation of school lunch as the cri-

terion measure (Baranowski et al., 2012a). Food items

were scored as matches unless it was clear that the child’s

recall did not describe an observed food. This broad

interpretation maximised the score correctness of the

child’s recall; this may contribute to the high match rate

found in the present study. Although some studies have

reported higher accuracy matches for girls (Baxter et al.,

2006), others did not (Baxter et al., 2009b); in our sam-

ple, there were no statistically significant differences by

gender or grade. Similar to our findings, other studies

reported that sweets were frequently omitted (Vereecken

et al., 2008) and beverages were the most frequently

intruded item at lunch (Smith et al., 2008). Accuracy of

estimates of intake using the PAC24 were lower for pulses

because the food images for pulses often did not match

the way in which pulses were served to children: pulses

were mostly served with pasta or potatoes, and so it was

very difficult for children to estimate the quantity of food

served and left over.

Table 3 Problems and suggestions for simplifying and modifying the

Portuguese self-administered, computerised, 24-h dietary recall

(PAC24) among children ages 7–10 (n = 41)

Problems detected

Suggestions for simplifying (1)

and modifying (2) PAC24

Instruction boxes were frequently

ignored and sometimes children

were unable to understand

their meaning

(1) Give assistance to children

(2) Replace the instruction boxes

with an audio tutor and/or an

interactive avatar explaining

what to do before each

specific stage

Misspelled search terms and more

than one food item per line

resulted in search failures

(1) Give assistance to children

(2) Improve the spell check

system by adding more

misspellings of food names

Some food images did not

correspond to the food item

written by the children

(1) Give assistance to children

(2) Increase the food images

database

Unintentional clicking of buttons (1) Give assistance to children

Some children were unable to

understand what to do at

specific stages

(1) Give assistance to children

(2) Use an interactive avatar

Table 2 Accuracy of estimates of intakes using the Portuguese self-

administered, computerised, 24-h dietary recall (PAC24) compared to

lunch observations among children ages 7–10 (n = 41)

Food categories Mean ratio

Limits of

agreement

Lower Upper

Beverages 0.66 0.21 2.05

Cereals and potatoes 0.68 0.11 4.30

Fruit 0.47 0.10 2.28

Meat, fish and eggs 0.61 0.10 3.66

Milk products 1.23 0.59 2.58

Pulses 0.51 0.06 4.59

Sweet products 0.77 0.39 1.53

Vegetables 0.74 0.19 2.91
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Mean arithmetic differences for matches indicates a

slight tendency overall to underreport amounts of items

observed eaten (�0.17). This is similar to results from

previous studies with fourth-graders (Baxter et al., 2002,

2003, 2009b). When children failed to report items

observed eaten, the average amount per omission was

0.61 servings and, when children falsely reported items

that were not observed eaten, the average amount per

intrusion was a half serving (0.55).

The weight of food was under-estimated by 32% on

average using the PAC24 compared to lunch observations.

Although wide limits of agreement were found in the pres-

ent study (from an underestimation of 85% to an overesti-

mation of 218%), Foster et al. (2013b) also showed wide

limits of agreement ranging from an under-estimate of

41% to an over-estimate of 72%. These may reflect the

small sample size and indicate that, on an individual level,

considerable differences between both methods are possi-

ble. Other factors possibly contributing to the under-esti-

mation of weight of food are that the food photographs in

the PAC24 did not include some of the foods served at

lunch in school canteens and/or the presentation of food

on the plate was not the same. This happens because there

are no national data available in Portugal regarding school-

age children’s food consumption and so we had to use food

photographs from another country. We developed focus

groups sessions in the seven regions of Portugal before

developing the PAC24 to identify food items reported spe-

cifically by Portuguese school-age children. However,

although this qualitative methodology enriched the food-

items pool that was originally developed by a literature

review and also identified some regional specific names

attributed by children to some food items, it did not allow

us to know how food was presented to children in the

school canteens (e.g. the presentation of pulses and fish dif-

fers from the presentation in the food photographs). Thus,

it might be difficult for children to estimate the quantity of

food served and left over for some food items. Future

research is necessary to adapt the PAC24 to include food

photographs more appropriate for portuguese children.

Although no statistically significant differences were

detected by grade, observers reported second-graders

experienced more difficulty in completing the PAC24,

than third-and fourth-grade children, perhaps as a result

of their cognitive immaturity (Baxter, 2009), which was

not assessed. Therefore, the children, especially the youn-

ger children, required assistance to complete the PAC24.

The problems that observers detected in the PAC24

administration might be addressed by training nutrition-

ists to assist the children. In the present validation study,

a single nutritionist was able to provide assistance in

completion of the PAC24 for up to 10 children.

The limitations of the present study include the small

sample size (n = 41), primarily because of the limited

time and financial support to collect data; the sample of

children was limited to the Lisbon region, reflecting local

and regional educational and food practices. It is not

clear how these procedures may work in other cities or

regions.

Success in using the tool with this population suggests

its usefulness with similar populations; however, the tool

must be validated for use in each specific population to

analyse differences in the accuracy of dietary reporting by

socioeconomic and racial/ethnic groups among children.

To redress the problems detected, and to improve accu-

racy of the PAC24, system improvements need to be

made, including: (i) replacing the instructions boxes by

an audio tutor and/or an avatar to guide the user through

the system; (ii) increasing the food image database; and

(iii) developing and testing additional prompts based on

data on the types of foods that were more frequently

omitted during this validation study. Further validation

research, usability testing and experience will also direct

future development.

The PAC24 requires less professional labour than other

interview-administered methods. In the present study,

conducted in a small sample of children, the PAC24 was

found to have a higher validity compared to lunch obser-

vations than comparable tools reported in the literature.

Children were able to complete the PAC24, although

most required assistance. Future research will need to

determine how to adapt and simplify the PAC24 to better

meet children’s abilities and preferences.
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Appendix III: 

Parent Inform Consent used for the accuracy study of PAC24 









 

 

 

 

 

 

 

 

 

 

 

 

Appendix IV: 

Lunch Observation Record Sheet used in the accuracy study of PAC24 
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