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Validation of a self-administered 
24-hour recall questionnaire 
used in a large-scale dietary survey 

Validierung eines in einer grofl 
angelegten Erniihrungserhebung 
eingesetzten selbstgef'dhrten 
24-hour-reeal l -Fragebogens  

S u m m a r y  This study investigated 
the relative validity of a self- 
administered 24-h recall question- 
naire in a dietary survey on 3 653 
men and women 7 years of  age 
and older. The validation was 
carried out in a group of  41 men. 
An estimated dietary record kept 
over 3 days served as reference 
method. Comparison of the 
questionnaire and the estimated 
3-day record showed good 
agreement. The Wilcoxon matched- 
pairs ranked signs test (p < 0.05) 
demonstrated that the only 
differences were the crude energy 
and carbohydrate intake and the 
estimated nutrient density of 
protein. The estimated proportion 
of calories from carbohydrate, fat, 
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protein, and alcohol differed by no 
more than 2.4 %. The median 
percentage differences in crude 
nutrient intakes and nutrient 
densities between the two assess- 
ment techniques ranged from -9 % 
to 22 %. The daily food intake 
differed significantly in only three 
of ten food groups. Spearman's 
correlation coefficients were higher 
than 0,35 for all density measure- 
merits. The highest correlation 
coefficients of about 0.60 were 
observed for alcohol and dietary 
fiber intake. It is concluded that 
the self-administered 24-hour recall 
questionnaire is a valid method for 
estimating the median and mean 
dietary intake of large groups of 
subjects. 

Zusammenfassung  Ziel der Ar- 
beit war, die relative Validit~it ei- 
nes selbstgefiihrten 24-hour-recall- 
Fragebogens zu untersuchen, der in 
einer Ernghrungserhebung mit 
3 653 weiblichen und m~innlichen 
Erhebungsteilnehmern im Alter ab 
7 Jahren eingesetzt wurde. Die Vali- 
dierung wurde an einer Gruppe von 
41 M~innern durchgefiihrt. Ein 
3-Tage-Protokoll diente als Refe- 
renzmethode. Der Vergleich des 
24-hour-recall-Fragebogens mit 
dem 3-Tage-Protokoll erbrachte 
gute Ubereinstimmung. Mittels des 
Wilcoxon matched-pairs ranked 
signs test (p < 0.05) konnten nur 
fiir die absoluten Energie- und Koh- 
lenhydrataufnahmen sowie ftir die 

Protein-N~hrstoffdichte signifikante 
Unterschiede nachgewiesen werden. 
Die prozentuale Verteilung der 
Energie auf die Hauptn~hrstoffe 
und Alkohol differierte um maxi- 
mal 2,4 %. Der mediane prozentua- 
le Unterschied in der absoluten 
N~ihrstoffaufnahme und der N~ihr- 
stoffdichte lag zwischen -9 und 22 
%. Die t/igliche Nahrungsaufnahme 
war nur ftir 3 yon 10 Lebensmittel- 
gruppen signifikant verschieden. 
Die Spearman rank Korrelationsko- 
effizienten betrugen ftir alle Nahr- 
stoffdichten mehr als 0,35. Die 
hSchsten Korrelationskoeffizienten 
um 0,60 wurden ftir die Alkohol- 
und Nahrungsfaseraufnahme beob- 
achtet. Die Ergebnisse zeigen, dab 
der 24-hour-recatl-Fragebogen eine 
valide Methode zur Sch~itzung der 
medianen und mittleren Nahrungs- 
und N~ihrstoffaufnahme von groBen 
Gruppen ist. 
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Abbrevia t ion  index BLS  = Bundes- 
lebensmittelschltissel . 24 H R Q  = 
24-hour recall questionnaire 
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Introduction 

Assessment of  the dietary intake is a complex but essen- 
tial task. There is still the need to develop and evaluate 
short methods of diet assessment (20). The selection or 
development of  appropriate assessment methods requires 
the consideration of many factors. A large-scale dietary 
survey was carried out from May to November 1991 in 
Zurich, Switzerland, in the framework of the National 
Research Exhibition HEUREKA (25). All visitors had the 
possibility to take part in the survey regardless of gender, 
age, and other personal factors. Since we were interested 
in the mean nutrient and food intake of a large, undefined 
voluntary series, a self-administered 24-h recall question- 
naire (24 HRQ) was the method of choice. Such a ques- 
tionnaire is limited with respect to the foods included and 
the quantified mean portion sizes. Since systematic errors 
of the measuring instrument affect the validity of the 
measurement, the relative validity of the 24HRQ method 
must be assessed. A number of validation studies of 24-h 
recalls have been published ( 6 - 1 4 ,  16-21). The 24-h 
recall was always conducted as personal interview or by 
telephone, never as a self-administered 24HRQ and the 
recalled dietary intake was compared either with observed 
intake or with assessed data from dietary records, food 
frequency questionnaire, or dietary history. 

This paper describes the validation of the 24HRQ 
method with respect to an estimated 3-day record (refer- 
ence method). 

Subjects and methods 

Study design 

To judge the significance of the assessed mean consump- 
tion data of the baseline dietary survey with 3 653 men 
and women aged 7 years or older in 1991 (2-4) a vali- 
dation study was carried out in spring 1993. The esti- 
mated 3-day record was used as reference method since, 
on the one hand, it is a common method of general 
acceptance (23) and, on the other, its main sources of 
error are independent of the main sources of error of the 
24HRQ (memory, estimation of quantity of consumption, 
design of the questionnaire with a given limited food list). 
The 3-day records were kept on two weekdays and one 
weekend day (Thursday, Friday, Saturday). Participants 
of the validation study obtained a 24HRQ with regard to 
the same 3 days of the week without prior warning 1-2 
months apart. 

Subjects 

Of a total of 45 randomly selected male volunteers 41 
completed the validation study ( 9 1 % ) ;  4 men dropped 
out during the study (2 refusals; 2 unusable records). The 
41 men aged 19-55 years had a median body mass index 

of 22.5, which indicates standard weight. All were em- 
ployed in light work, 73 % practised modest sports, and 
27 % no sports at all. Only 3 were smokers; 3 were total 
alcohol abstainers, 11 consumed alcohol three times a 
month or less, 23 (56 %) between one and three times a 
week, and only 4 consumed alcohol daily. These personal 
data were comparable with the data from the baseline 
dietary survey for the same age group (4). 

24-h recall questionnaire 

The purpose of the self-administered 24HRQ was to 
assess the caloric and nutrient intake of a large series in 
a quick and simple way. A total of 240 typical foods and 
beverages for a Swiss diet were listed in a clearly struc- 
tured questionnaire, grouped together, for example, as 
bread, cheese, and meat for better orientation. A photo- 
graph book served as aid to memory and to estimation 
of the real consumed portion size. The structure of the 
questionnaire is presented in Fig. 1. On the cover page 
of the questionnaire the participants were informed about 
the aim of the dietary survey and were instructed how to 
use the questionnaire. This instruction is based on six 
neutral questions "What did you eat and/or drink .... " as 
in an interview. The participants were asked to record for 
each meal the number of  units of the consumed food 
items and beverages, for example, for breakfast 1.5 slices 
white bread, 1 cup full-fat yoghurt, etc. The last two 
pages of the questionnaire served to evaluate some per- 
sonal data of the participants. It took approximately 20-  
30 min to read all instructions and to fill in the 24HRQ. 
The questionnaires were first checked for completeness 
(personal data) and obvious errors. 

Estimated 3-day record 

All participants received a structured, open diary (23) to 
record all the foods and beverages taken and to specify 
type and brand as exactly as possible. The amounts had 
to be specified by the participants' own household 
measures (list of capacity), in given household measures 
(teaspoon, tablespoon, 3-dl cup) or in standard serving 
sizes if sold in this way. One day before the beginning 
of the recording period (3 days), the participants were 
instructed by a nutritionist. The instructions and examples 
are also included in the diary. On the day after the last 
recording day the same nutritionist checked the diary with 
the participant. 

Calculation of intake of nutrients, energy, 
and food groups 

The entry and calculation of the intake of nutrients, en- 
ergy, and foods is easy and quick for the 24HRQ. Based 
on the German computerized food composition table BLS 
version II (5) a special food composition table with the 
240 foods and beverages of the questionnaire was created. 
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Fig. 1 24-hour recall question- 
naire 
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Each food and beverage was assigned its own code (first 
column of the questionnaire) and a sign for a food group. 
The entry and calculation of intake was made with the 
data management system "Diet recall" version 2.0 (1). 
The 3-day food record forms were first coded. For this 
purpose the food composition table of the 24HRQ had to 
be enlarged. If the participants were not able to record 
food items more accurately or as specified in the 24HRQ, 
the codes of the questionnaire were selected; otherwise a 
new, more specified food with its own code was inserted 
from the BLS into the composition table. The food com- 
position table then consisted of approximately 900 foods 
and beverages. After conversion of the household 
measures into grams, the entry and calculation of intake 
was made with "Diet recall". The mean individual dietary 
intake per day was calculated from the record as the 
average of the 3 recording days. 

Statistical analysis 

In comparing the two methods we considered crude intake 
of energy, carbohydrate, fat, protein, alcohol, and dietary 
fiber as well as nutrient density as an energy-independent 
figure from carbohydrate, fat, protein, alcohol, and dietary 
fiber. These are expressed as median and mean + standard 
deviation. We also considered caloric density (percentage 
of calories) from carbohydrate, fat, protein, and alcohol. 
The nonparametric Wilcoxon matched-pairs ranked signs 
test was used to analyze the difference in central tendency 
between the dietary variables obtained by the 24HRQ and 
the estimated 3-day record (22). Spearman's rank corre- 
lation coefficient was calculated to evaluate the extent to 
which the methods rank individuals comparably according 
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to dietary intake (22). Statistics were calculated using the 
statistical package Statgraphics (Statistical Graphics, 
Rockville, MD, USA). A p value less than 0.05 was 
considered statistically significant. 

Results 

The daily crude intakes of energy, carbohydrate, fat, pro- 
tein, alcohol, and dietary fiber estimated from the 24HRQ 
and the 3-day record are presented in Table 1. Only the 
recalled crude intake of energy and carbohydrate differed 
significantly from the corresponding record estimates. 
Generally the recalled nutrient intake was higher than the 
recorded one. As expected, the correlations for energy 
and carbohydrate were low and not significant (Table 1). 
The intermediate correlation for fat and the high correla- 
tions for alcohol and dietary fiber were significant. Al- 
though the correlation for protein was low and not sig- 
nificant, the agreement in median and mean protein intake 
was good. Because there was an obviously higher energy 
intake based on the 24HRQ, density measures of nutrient 
intake were also compared (Tables 2, 3). The nutrient 
density did not differ significantly according to the die- 
tary assessment techniques with the exception of protein 
(Table 2). The significant correlation coefficient of 0.42 
for protein does not signify an agreement between the 
two methods. In caloric density there were significant 
differences for carbohydrate and protein (Table 3), despite 
rather high correlation coefficients. The median and mean 
proportion of calories from carbohydrate, fat, protein, and 
alcohol differed by no more than 2.4 % and provided a 
very similar distribution of caloric density for both as- 
sessment techniques. 
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Table 1 Median (mean + standard deviation) daily crude nutrient intake of 41 men according to 24-h recall questionnaire (24HRQ) and 
estimated 3-day record (DR): Wilcoxon matched-pairs ranked signs test (Wilcoxon) and Spearman's rank correlation coefficient 
(Spearman) 

24HRQ DR Wilcoxon Spearman 
(P) (P) 

Energy (M J) 13,3 11.1 * 0.23 
(13.6 +- 4.2) (11.5 + 2.5) 

Carbohydrate (g) 381.9 345.9 * 0.22 
(399.9 + 137.6) (331.5 -+ 73.7) 

Fat (g) 120.6 100.1 n.s, 0.35* 
(122.8 + 50.8) (108.I + 37.6) 

Protein (g) 91.9 87.3 n.s. 0.10 
(98.1 + 31.8) (92.0 + 22.4) 

AIcohol (g) 11.2 8.1 n,s. 0.63* 
(17.9 -+ 20.9) (13.5 + 15.6) 

Dietary fiber (g) 30.1 25.5 n.s, 0.65* 
(31.8 + 16.0) (27,1 + 12.9) 

* p < 0.05 

Table 2 Median (mean _+ standard deviation) nutrient density according to 24-h recall questionnaire (24HRQ) and estimated 3-day 
record (DR): Wilcoxon matched-pairs ranked signs test (Wilcoxon) and Spearman's rank correlation coefficient (Spearman) 

24HRQ DR Wilcoxon Spearman 

(P) (P) 

Carbohydrate (g/MJ) 29.8 29.5 ms. 0.55* 
(30.3 + 5.1) (28.9 + 4.1) 

Fat (g/MJ) 9.2 9.1 n.s. 0.35* 
(8.9 _+ 2.2) (9.3 + 1.8) 

Protein (g/MJ) 7.1 7.8 * 0.42* 
(7.3 +_ 1.6) (8.0 + 1.3) 

Alcohol (g/MJ) 0.9 0.7 n.s. 0.60* 
(1.4 + 1.6) (1.2 + 1.4) 

Dietary fiber (g/MJ) 2.2 2.2 n.s. 0.54* 
(2,4 + 1.1) (2.4 _+ 1.2) 

* p < 0.05 

Table 3 Median (mean _+ standard deviation) caloric density according to 24-h recall questionnaire (24HRQ) and estimated 3-day record 
(DR): Wilcoxon matched-pairs ranked signs test (Wilcoxon) and Spearman's rank correlation coefficient (Spearman) 

24HRQ DR Wilcoxon Spearman 
(P) (P) 

Carbohydrate (%) 49.8 49.4 * 0.55* 
(50.8 + 8.6) (48.4 _+ 6.8) 

Fat (%) 34.5 34.2 n.s. 0.38* 
(33.4 + 8.4) (35,0 + 6.9) 

Protein (%) 11.9 13.1 * 0.42* 
(12.3 + 2.7) (13.4 + 2.2) 

Alcohol (%) 2.6 2.2 n.s. 0.61" 
(4,0 + 4.7) (3.5 + 4.0) 

* p < 0.05 
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The percentage differences in nutrient intake and nu- 
trient density between the 24HRQ and the 3-day record 
are presented in Table 4. The highest median percentage 
difference was registered for enery and carbohydrate in- 
take, with 22 % and 19.8 %. Regarding the other nutrients 
the percentage difference ranged from 2.3 % (protein) to 
14.4 % (dietary fiber). The values of percentage dif- 
ference regarding nutrient density were much smaller. 
With the exception of carbohydrates 50 % of the nutrient 
density values from the 3-day record were higher than 
those from the 24HRQ, and therefore negative percentage 
differences resulted. Table 5 compares the 24HRQ and 
3-day record concerning daily median and mean food 
intake. Ten food groups are distinguished. The intake of 
three food groups (vegetables/lettuce and potatoes, 
spreading fats, nonalcoholic drinks) was significantly dif- 
ferent between the dietary assessment methods. For most 
food groups the recalled intake was higher than the re- 
corded one. The correlation coefficients ranged from -0.17 
(soups, dishes, sauces, dressings) to 0.62 (alcoholic 
drinks). 

Table 4 Median (mean + standard deviation) value of the per- 
centage difference (%-Diff) ~ in crude nutrient intake and-nutrient 
density between the 24-h recall questionnaire (24HRQ) and the 
estimated 3-day record (DR) 

Crude nutrient intake Nutrient density 

Energy 22.0 - 
(20.4 + 35.1) 

Carbohydrate 19.8 5.4 
(26.0 + 39.2) (5.7 + 15.4 

Fat 11.2 -6.3 
(20.9 + 65.2) (-2.7 + 28.1) 

Protein 2.3 -8.6 
(11.2 + 42.8) (-7.9 + 19.6) 

Dietary Fiber 14.4 -3.1 
(30.6 _+ 84.I) (6.5 + 48.6) 

a %-Diff = [(24HRQ-DR)/DR] x 100 

Discussion 

No dietary assessment method is completely free of sys- 
tematic errors, which means a tendency to over- or under- 
estimation (15). The recalled crude nutrient intake shows 
a tendency to overestimation, especially for the energy 
and carbohydrate intake (Table 1). This overestimation 
may result from the higher recalled food intake for some 
of the food groups (Table 5). The higher recalled food 
intake may be due to a predominant assessment on days 
with unusually high consumption (large day-to-day vari- 
ation) or to an inadequate estimation of the portion sizes 
in either the 24HRQ or reference method. Even if the 
difference in daily food intake is significant only for three 
of ten food groups (Table 5), the portion sizes in the 
24HRQ (units) should be adjusted, and/or the food photo- 
graphs should be specified. Although the density meas- 
urements as energy-independent figures provided good 
agreement (Tables 2, 3) - thus emphasizing the import- 
ance of the described overestimation of food and energy 
intake - it should not be neglected that the 3-day record 
may underestimate the real food intake. The burden on 
the subjects is higher, and therefore the subjects' eating 
habits may change (reduced intake) during the recording 
period. 

The median percentage differences in crude nutrient 
intakes and nutrient densities between the two assessment 
methods (Table 4) ranged from -9 % to 22 %. The largest 
percentage differences were registered for energy and 
carbohydrate crude intake, as expected. The high standard 
deviations reflect the interindividuaI differences in dietary 
intake. It is expected that a larger sample size would 
minimize the size of the percentage differences. Therefore 
the shorter and cheaper 24HRQ can be used as a valid 
substitute for the more time-consuming 3-day record 
when the median and mean nutrient and food intake of a 
large series is to be assessed, and when a percentage 
difference up to 20 % can be tolerated. Investigators of 

Table 5 Median (mean + standard deviation) daily food intake of 41 men according to 24-h recall questionnaire (24HRQ) and estimated 
3-day record (DR): Wilcoxon matched-pairs ranked signs test (Wilcoxon) and Spearman's rank correlation coefficient (Spearman) 

24HRQ DR Wilcoxon Spearman 

(P) (P) 

Cereal products (g) 350 (324 + 192) 
Vegetables/lettuce, potatoes (g) 273 (315 + 238) 
Fruits, fruit products (g) 0 (144 + 209) 
Meat, sausages, fish, eggs (g) 140 (137 + 107) 
Soups, dishes, sauces, dressings (g) 100 (208 + 246) 
Milk, dairy products (g) 375 (421 _+ 312) 
Spreading fats (g) 20 (28 + 28) 
Sweet spreads, desserts, snacks, nuts (g) 150 (193 + 152) 
Alcoholic drinks (g) 150 (289 + 376) 
Nonalcoholic drinks (g) 1530 (1526 + 660) 

245 (267 + 181) n,s. 0.34* 
150 (169 + 142) * 0.35* 
73 (118 _+ 156) n.s. 0.42* 

117 (116 _+ 111) n.s. 0.14 
242 (262 ± 211) n.s. -0.17 
393 (471 + 350) n.s. 0.53* 

13 (19 _+ 13) * 0.39* 
174 (172 _+ 170) n.s. 0.24 
110 (231 +_ 308) n.s. 0.62* 

1313 (1258 _+ 659) * 0.37* 

* p < 0.05 
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future nutri t ion surveys should not feel jus t i f ied by this 
conclusion unless their  specific study object ives  al low 
them to accept  a percentage difference on this scale. 

Our  results  are consis tent  with those of  other studies. 
In the l i terature only 24-h recalls  conducted as personal  
interview or by  te lephone have been validated.  Only  a 
few val idat ion studies have compared  24-h recall  with 
dietary record.  Young et al. (24), comparing a 24-h recall  
with a 7-day record,  found no differences between the 
est imates for the groups by tolerat ing errors (percentage 
difference) o f  10 %. General ly  good agreement  in mean 
nutrient intake est imated by the 24-h recall  and 3-day 
food record was reported by Posner  et al. (20). Most  of  

the Spea rman ' s  correlat ion coefficients were less than 
0.50, as in the present  study. The differences in the mean 
proport ion of  calories  from the main nutrients are com- 
parable  with 2.2 % (20) and 2.4 % (Table 3), respect ively.  
Mul lenbach et  al. (19) compared  the 3-day food record 
and 24-h recal l  by te lephone and concluded that 24-h 
recalls  adminis tered  by te lephone provide  a val id  est imate 
of  dietary intake for group comparisons.  The recal led 
crude nutrient intake tended to be underest imated.  Caloric  
densi ty measures  did not differ  less than in the presented 
val idat ion study. 

No method is universal ly  the best, and the study pur- 
pose determines the choice.  The proposed  sel f -adminis-  
tered 24HRQ method has several  praci tcal  advantages.  It 
is quick and easy to perform, places a l imited burden on 
the subject, and is appl icable  for all persons able to read 
and write. Furthermore,  no influence by  the interviewer  
on the subject  is possible.  Response  rates are high, and 
field costs are low. An  ad hoc dietary survey on an 
unrestr icted number  of  persons is poss ib le  because  of  the 
pract icabi l i ty  of  the 24HRQ. 

Overall ,  the data demonstra te  that the se l f -adminis-  
tered 24HRQ can determine levels of  food and nutrient 
intake of  large groups of  subjects  with an acceptable 
degree of  validity.  

Acknowledgements We thank Dr. H.-R. Roth for his advice in 
statistics, Dr. O de Rham (Nestec SA, Switzerland) for his help in 
development of the Data Management System, Dr. A. DOring (GSF, 
Germany) for her expert advice concerning validation studies, and 
Prof. Dr. R.F. Hurrell and E. Wechsler for their help in preparing 
the manuscript. This study was supported in part by the Foundation 
for the Advancement of Nutrition Research in Switzerland (project 
no. 200). 

References 

1. Beer M (1991) Diet recall: ein Com- 
puterprogramm zur Auswertung yon 
Ern~ihrungsdaten. Studi'enarbeit Nach- 
diplom-Studiengang Humanern~ihrung 
Eidg. Technische Hochschule Z~rich. 
Unpublished 

2. Beer-Borst S, Amad6 R (1993) Energy 
and nutrient intake of 3 650 residents 
of Switzerland - results of a 24-hour 
recall (in German). Ern/ihrungs-Um- 
schau 40:85 

3. Beer-Borst S, Puhan Z, Amad6 R 
(1994) Konsum von Milch und Milch- 
produkten in der Schweiz. Ergebnisse 
einer Ernahrungserhebung. Schweiz 
Milchw Forschung 23:31-36 

4. Beer-Borst S, Wellauer-Weber B, 
Amad6 R (1994) Dietary fiber intake 
of a Swiss collective interested in nu- 
trition (in German). Z Ern~ihrungswiss 
33:68-78 

5. Bundesgesundheitsamt (1989) Bundes- 
lebensmittelschliJssel (BLS) Version 
II.l. Berlin 

6. Carter RL, Sharbaugh CO, Stapelt CA 
(1981) Reliability and validity of the 
24-hour recall. J Am Diet Asso 
79:542-547 

7. Champagne CM, Boudreau MD, Woz- 
niak PJ, Howat PM (1994) Evaluation 
of food record and length of food rec- 
ord vs. 24-hour recalls in dietary as- 
sessment of energy intake. Am J Clin 
Nutr 59 (suppl):286S 

8. Crawford PB, Obarzanek E, Morrison 
J, Sabry ZI (1994) Comparative ad- 
vantage of 3-day food records over 24- 
hour recall and 5-day food frequency 
validated by observation of 9- and 10- 
year-old girls. J Am Diet Asso 94:626- 
630 

9. Ferguson EL, Gibson RS, Opare-Obi- 
saw C (1994) The relative validity of 
the repeated 24-h recall for estimating 
energy and selected nutrient intake of 
rural Ghanaian children. EJCN 48:241- 
252 

10. Gersovitz M, Madden JP, Smiciklas- 
Wright H (1978) Validity of the 24-h 
dietary recall and seven-day record for 
group comparison. J Am Diet Asso 
73:48-55 

11. Greger JL, Etnyre GM (1978) Validity 
of 24-hour dietary recalls by adolescent 
females. AJPH 68:70-72 

12. Howat PM, Mohan R (1994) Can train- 
ing technique affect the reliability, va- 
lidity, and accuracy of dietary assess- 
ment? Am J Clin Nutr 59 (suppl):285S 

13. Karvetti RL, Knuts LR (1981) Agree- 
ment between dietary interviews. J Am 
Diet Asso 79:654-660 

14. Karvetti RL, Knuts LR (1985) Validity 
of the 24-hour dietary recall. J Am 
Diet Asso 85:1437-1442 

15. Klaver W, Burema J, Van Staveren 
WA, Knuiman JT (1988) Definitions of 
terms. In: ME Cameron, WA Van 

Staveren (eds) Manual on methodology 
for food consumption studies. Oxford 
University Press, New York, pp 11-23 

16. Linusson EEI, Sanjur D, Erickson EC 
(1974) Validating the 24-hour recall 
method as a dietary survey tool. Arch 
Latinoam Nutr 24:277-294 

17. Lytle A, Nichaman MZ, Obarzanek E, 
Glovsky E, Montgomery D, Nicklas T, 
Zive M, Feldman H (1993) Validation 
of 24-hour recalls assisted by food rec- 
ords in third-grade children. J Am Diet 
Asso 93:1431-1436 

18. Madden JP, Goodman SJ, Guthrie HA 
(1976) Validity of the 24-h recall. J 
Am Diet Asso 68:143-147 

19. Mullenbach V, Kushi LH, Jacobson C, 
Gomez-Marin O, Prineas RJ, Roth- 
Yousey L, Sinaiko AR (1992) Com- 
parison of 3-day food record and 24- 
hour recall by telephone for dietary 
evaluation in adolescents. J Am Diet 
Asso 92:743-745 

20. Posner BM, Martin-Munley SS, Smi- 
gelski C, Cupples LA, Cobb JL, 
Schaefer E, Miller DR, D'Agostino RB 
(t992) Comparison of techniques for 
estimating nutrient intake: the Fram- 
ingham Study. Epidemiology 3:171- 
177 

21. Sabat6 J (1994) Development and use 
of a 24-hour recall method to assess 
dietary intake in schoolchildren. Am J 
Clin Nutr 59 (suppl):294S 



S. Beer-Borst and R. Amadb 189 
Validation of a self-administered 24-hour recall questionnaire 

22. Sachs L (1992) Angewandte Statistik. 
Springer, Berlin, Heidelberg, New 
York 

23. Winkler G (1992) Validierung einer 
Food-Frequency-Erhebung. Disserta- 
tion, Institut ftir Sozial/Skonomik des 
Hanshalts der Technischen Universit~it 
Miinchen. Mtinchen-Weihenstephan 

24. Young CM, Hagan GC, Tucker RE, 
Foster WD (1952) A comparison of 
dietary study methods. II. Dietary his- 
tory vs. seven-day-record vs. 24-h re- 
call. J Am Diet Asso 28:218-221 

25. Ztircher Forum (1991) HEUREKA, 
Nationale Forsehungsausstellung 1991, 
Kleiner F0hrer durch die Heureka. Zii- 
rich 


