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CHAPTER I 

INTRODUCTION 

Currently little information exists as to whether mild 

or moderate nutritional inadequacies affect learning, and 

social or emotional behavior of children. National and 

regional nutritional studies (McGanity 1969; Schaefer and 

Johnson 1969) indicate that certain nutritional deficien

cies such as vitamin A, iron and vitamin C exist in pre

school children. The results of the recent National Nutri

tion survey showed less than acceptable serum vitamin C 

levels in 16 per cent of the Texas sample (McGanity 1969) 

and in almost 21 per cent of all participants in the Louisi

ana survey (Schaefer and Johnson 1969). Schaefer and John

son (1969) emphasized that this deficiency of vitamin C oc

curred primarily in children under 6 years of age. 

Many individuals cannot or do not work at optimum ca

pacity mentally or physically because of inadequate nutri

tion. Kinsman and Hood (1971) showed with adult human vol

unteers that changes occurred in personality when body pools 

of ascorbic acid were 50 per cent of the initial level. The 

subjects had only marginal vitamin C deficiency when they 

exhibited emotional disturbances. These findings suggest 



certain behaviors in children could be related to ascorbic 

acid status. The present study was designed to test the 

hypothesis that a measurable behavioral change could occur 

with supplementation of ascorbic acid. Also, biochemical 

changes in serum iron were examined, as Callender and Werner 

(196 8) reported that orange juice appeared to enhance the 

absorption of iron. 

The major aim in conducting this experiment was to de

termine if nutritional supplementation would modify a meas

urable behavior in preschool children with learning dis

abilities. Currently little information exists on the rela

tion between nutritional status and performance of preschool 

children, therefore the 4-6 year old group with learning 

disabilities was the selected sample. Since the etiology 

of learning disabilities is uncertain but probably involves 

multiple factors, this study provided a unique opportunity 

to evaluate the influence of ascorbic acid nutriture on 

children with learning disabilities. 

This study was limited in that the subject's diets were 

not rigidly controlled. It was assumed, however, that the 

diets would remain relatively constant during the experi

mental period; therefore, any changes between control and 

experimental groups would be a result of the ascorbic acid 

supplement. 



CHAPTER II 

REVIEW OF LITERATURE 

Nutritional Status of Preschool Children 

There is currently no universal guide for interpreting 

dietary, clinical and biochemical data collected in nutri

tional status studies. Widely accepted standards in the 

United States include those of the Interdepartmental Com.-

mittee on Nutrition for National Defense (ICNND) (1963), 

Recommended Dietary Allowances (196 8) and the values de

veloped by the National Nutrition Survey group (O'Neal et̂  al, 

1970) . As a result of differing standards of interpretation 

for low and deficient levels of nutrient intake and bio

chemical data, surveys cannot be compared on the same basis. 

Morgan (1959) in his Nutritional Status U.^.A. summa

rized the results of regional nutrition studies conducted in 

the U.S. from 1947 through 1958. The nutrients most often 

found to be lacking in the diets of children in all regions 

were vitamin A, ascorbic acid, calcium and iron. The blood 

analyses generally correlated with the information from, the 

dietary observations. Kelsey (1969) confirmed these find

ings for vitamin A, ascorbic acid, calcium and iron in a 

review of nutritional status and dietary evaluation studies 



conducted between 1957 and 1967. 

Vitamin A continues to be one of the nutrients most 

lacking in diets of preschool children. Recently the Na

tional Nutrition Survey (Official Report, 1972) revealed 

that in childreh 2-5 years of age over 50 per cent of the 

Spanish-American sample, over 30 per cent of the Black sam

ple, and over 20 per cent of the White sample were low or 

deficient in plasma vitamin A levels (< 29 yg/100 ml). 

Chase et al̂ . (1971) reported that in preschool Mexican-

American children 159 out of 300 had less than acceptable 

serum vitamin A levels. Other researchers (Owen ejt al. 

1969b; Newman and Martin 1971; McGanity 1969) have reported 

similar findings. 

Data accumulated in recent studies suggest that iron 

deficiency or anemia is not uncommon among preschool chil

dren. Owen and Kram (1969a) reported hemoglobin levels be

low 10 gm/100 ml in 36 per cent of the preschool children 

tested in Mississippi, and plasma iron values below 45 yg/ 

100 ml in 50 per cent of the children. However, Futrell 

et al. (1971) found only 13 per cent of his Mississippi pre

school sample with hemoglobin levels below 10 gm/100 ml. 

The National Nutrition survey (Schaefer and Johnson 1969) 

revealed that 1/3 of the children 0-6 years of age were 

diagnosed as anemic; food intake records showed less than 

adequate amounts of iron in foods eaten. Owen et ajL. (19 70) 



found only 7 per cent anemia in a sample of 725 preschool 

children but 45 per cent of the children had iron deficiency 

on the basis of saturation of iron binding capacity. Other 

researchers (Hunt et aJ[̂. 1972; Owen and Kram 196 9a; Duzen 

et al. 1969; Zee et al. 19 70; Chase et, al. 1971; Newman and 

Martin 1971) have reported incidence of anemia ranging from 

6 per cent to 25 per cent of the preschool children surveyed. 

Less than 2 per cent of the preschool children surveyed by 

Sims (1971) had levels of hemoglobin below 11 mg/100 ml but 

none were deficient according to ICNND standards. 

Vitamin C remains one of the most controversial nutri

ents in terms of adequate intake as well as acceptable bio

chemical levels. The National Nutrition survey (Schaefer 

and Johnson 1969) revealed less than 0.2 mg/100 ml serum 

vitamin C levels in 12-16 per cent of the preschool children 

surveyed. Owen and Kram (1969a) reported low serum vitamin 

C levels in 42 per cent of the Mississippi preschool chil

dren surveyed using 0.3 mg/100 ml as the criterion. In con

trast, other researchers (Chase et a_l. 19 71; Newman and 

Martin 19 71; Sims 19 71) reported adequate serum vitamin C 

levels in the children they tested. 

Other nutrients found lacking in the diets of preschool 

children were calcium, thiamine, riboflavin, and protein 

(Owen and Kram 196 9a; Owen et, al. 1969b; Futrell et al. 

1971; Chase et al. 1971; Newman and Martin 1971). However 



these deficiencies were limited to a small percentage of the 

samples. 

Somatic measurements are frequently used to assess the 

nutritional status and growth rate of children. Zee e^ al. 

(1970), using Stuart and Stevenson Anthropometric Charts, re

ported 16 per cent of the preschool children surveyed from 

impoverished black families in Memphis, Tenn. to be below 

the third percentile for height and weight and 50 per cent 

below the twenty-fifth percentile. Fifteen per cent had 

head circumferehce measurements below tiie second percentile. 

Using both Iowa and Harvard Growth Charts, Owen et al. 

(1969b) found 27 per cent of the Mississippi black children 

surveyed below the third percentile for height. Duzen et al. 

(1969) studied 944 Headstart children and, using the Harvard 

Growth Chart, found 35 per cent below the twenty fifth per

centile for weight and 65 per cent below the twenty fifth 

percentile for height. By the Stuart-Boston Standards, 33 

per cent of the Mississippi preschool children surveyed by 

Futrell et al. (1971) were below the fiftieth percentile for 

height and 37 per cent above the fiftieth percentile. Of 

the total, 56 per cent had head circumferences below the 

fiftieth percentile (Futrell et al. 1971) . Chase et al. 

(19 71), using the Harvard Growth Chart, found 54 of 300 

children measured fell below the third percentile for height, 

17 below the third percentile for weight, and 17 below the 



third percentile for head circumference. Indications of re

tarded growth were reported by both Chase et al. (1971) and 

McGanity (1969). Willet et a]^. (1970) and Sims (1971) found 

normal growth patterns in their preschool sample. Both sur

veys were conducted in Michigan and neither revealed physi

cal findings definitely suggestive of nutritional deficiency. 

Chase et̂  al. (1971) suggested that growth rates falling be

low normal may result from reduced caloric intake. Schaefer 

and Johnson (1969) believe the most widespread nutritional 

problem is one of multiple deficiency of nutrients such as 

protein, vitamins, minerals and calories. 

Ascorbic Acid and Iron Absorption 

Food iron is absorbed in the mucosal epitheleum in the 

+ 2 +3 

ferrous (Fe ) form. The ferric (Fe ) form is generally 

found in food necessitating a change in form before absorp

tion. Hydrochloric acid present in the gastric juices was 

found to enhance the absorption of iron possibly as the 
+ 3 +2 

oxidizing agent in the change of Fe to Fe (Giorgio 1970). 

Callender and Warner (196 8) noted that certain foods such as 

orange juice appeared to enhance iron uptake probably be

cause of ascorbic acid. Other researchers (Bothwell et_ al. 

1958; Moore and Dubach 19 56) reported that at therapeutic 

dose levels of iron, ascorbic acid supplements (1000 mg) did 

not appreciably affect iron uptake. 

Nicholas et al. (1972) reported findings on ascorbic 
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acid and iron concentrations in blood of students partici

pating in a three month study. The ages of these students 

were not reported. Plasma and buffy layer ascorbic acid 

concentrations, hemoglobin and serum iron were determined. 

No significant differences in buffy layer ascorbic acid con

centrations were found between males and females. Plasma 

ascorbic acid concentrations in females were significantly 

higher (P < 0.05) than those in males. Hemogloblin concen

trations in males were significantly higher (P < 0.02) than 

those of females but no difference was found in serum iron 

concentrations. During one month of the three month study 

ascorbic acid intake and plasma ascorbic acid concentration 

had a significant correlation of 0.4 (P < 0.05); serum iron 

and hemoglobin had a significant correlation of 0.4 (P < 

0.02) . 

Ascorbic Acid and Behavior 

The first concise account of scurvy was described by 

Jacques de Vitry early in the 13th century (Major 1945). 

Changes occurring in the behavior of deficient persons were 

not recounted until 1753 when James Lind described the fol

lowing: "The first indication of the approach of this 

disease . . . a listlessness to action, or an aversion to 

any sort of exercise. They commonly appear of a melancholy 

and sullen countenance; such also, is their disposition of 

mind. So that dejection of spirits may justly be reckoned 
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a cause as well as symptom of the future malady" (Major, 

1945). Farmer (1944) reported decreased work output and in

creased error rates for a choice reaction time task in sub

jects with induced scurvy. Vilter (1967) found similar re

sults . 

Kinsman and Hood (1971) reported results of a study 

designed to provide systematic information on a broad range 

of human behavior during controlled ascorbic acid depriva

tion. The subjects were five healthy males ranging in age 

from 26 to 52 years. Behavioral changes were measured in 

four areas: (1) mental functions, (2) psychomotor perform

ance, (3) physical fitness, and (4) personality. The most 

significant changes occurred in personality as measured by 

the Minnesota Multiphasic Personality Inventory (MMPI). 

There was an elevation of the classical "neurotic triad" of 

the MMPI (i.e. Hypochrondriasis, Depression and Hysteria) 

occurring when ascorbic acid body pool was between 56 2 mg 

and 761 mg. Psychomotor and performance changes occurred 

later in the deficiency period. 

Jones (1972) tested visual discrimination as a measure 

of learning in young guinea pigs fed an ascorbic acid de

ficient diet for nine days. Results showed that the mean 

time required for the control animals to react was 40 per 

cent less than the time needed for the deficient animals. 

The conclusion was that visual discrimination learning may 
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be impaired in ascorbic acid deficiency. 

Behavioral Tests - Animal House and Digit Span 

Psychological tests for children have been used by re

searchers (Cravioto and Delicardie 1970; Cravioto and Robles 

1965; Richards 1972; Klein et aĵ . 1972; Richardson et al. 

1972) in order to assess the effects of malnutrition on sub

sequent intellectual functioning. The number of standard

ized tests for children under 6 years of age is limited as 

is the literature concerning behavioral tests used with pre

school children in nutritional research. The Wechsler Pre

school and Primary Scale of Intelligence (WPPSI) is based on 

the assumption that the 4-6 year old not only possesses the 

potential to express herself in a variety of ways, but that 

she may be systematically appraised through an appropriate 

battery of tests (Wechsler 1967). The WPPSI is a continua

tion of the methodological and theoretical approach to the 

measurement of mental ability which were the guiding princi

ples in designing the Wechsler Intelligence Scale for Chil

dren (WISC) (Wechsler 1949). The latter has been used by 

both Birch et al. (1971) and Liang et al. (1967) in their 

nutritional studies of children. The WPPSI, which contains 

five verbal and five performance tests, has been standard

ized on a carefully selected sample controlled for sex, 

color, father's occupation, geographical region and urban 

versus rural residence (Goldenson 1970). The Animal House 
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Test, a subtest of the WPPSI, is a coding type test which 

requires the child to associate sign with symbol and may be 

considered as a measure of learning ability. Memory, atten

tion span, goal awareness, and ability to concentrate may 

also be involved. The Animal House Test may be given a 

second time during the testing period in order to evaluate 

whether a child has learned a simple task (Wechsler 1967). 

The Digit Span Test, a subtest of the WISC serves as a 

measure of verbal memory and attention (Rosenberg 1973). 

This test is generally more successful with children eight 

years or older as it may be too difficult for the younger 

child (Rosenberg 1973). 

Hollenbeck and Kaufman (1973) reported that the WPPSI 

Verbal and Performance IQs were shown to have empirically 

determined construct validity as well as rational validity. 

Rosenberg (1973) states that the WPPSI may become the most 

widely used and accepted standardized test for the preschool 

age child. Furthermore, he reported similar scores for a 

control group of children and those diagnosed as emotionally 

disturbed or brain damaged. 



CHAPTER III 

PROCEDURES 

Sample 

The subjects were chosen from a volunteer population of 

85 children who attended the Early Childhood Education Cen

ter at Guadalupe Elementary School in Lubbock, Texas. The 

children enrolled in this program are drawn from diverse 

socio-economic backgrounds. Before acceptance by the school, 

each child is required to furnish medical records. The 

children are given a battery of standardized tests to deter

mine their levels of maturity. The program operates five 

days a week, 8:30 A.M.-1:30 P.M., and includes eating lunch 

at school. In order to qualify for the program as stated in 

the Lubbock Independent School District's brochure entitled 

Opportunities in Special Education " . . . these children 

shall be handicapped orthopedically, visually, aurally, be 

mildly retarded, have neurological dysfunctions, have motor 

and/or perceptual deficits, or have speech development prob

lems to the extent that their language could be a handicap 

in learning." Most of the children on leaving the Early 

Learning Center proceed to regular formal school. 

Twenty-nine children were selected for this study who 

12 
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met the following criteria: 

(1) Age - 4-6 years 

(2) Intelligence - Normal 

(3) Capable of verbal expression 

(4) No severe physical disabilities. 

Letters (Appendix A) were sent to parents regarding the 

project and permission (Appendix B) was secured for each 

child's participation. Parents were interviewed to obtain a 

dietary history (Appendix C) on each child. Interviewers 

were three Texas Tech University Food and Nutrition research 

assistants instructed on interview procedures and techniques. 

Additional information regarding the study (Appendix D), 

urine containers, and directions for collection of urine 

samples (Appendix E) were given to the parents during the 

interview. Interviews were conducted over a four day period 

at school or in the respondents home. 

Twenty-nine children began the study; two moved to 

other cities and two were dropped because of incomplete data. 

A subject's data were included in the statistical analysis 

only if it included both pre- and post-measurements for that 

phase of the study. 

No numerical data were made available to the investi
gator to determine exact IQ of each child. Information in 
regard to "normal intelligence" was obtained from the coun
selors . 
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Experimental Design 

The Animal House Test (Wechsler 1967) and Digit Span 

Test (Wechsler 1949) were administered to all children and 

raw scores were grouped into four ranks from high to low. 

Subjects were randomly divided by rank into two groups. One 

of the groups was randomly chosen for the experimental treat

ment. Physical characteristics of the two groups were: 

Mean Age - months 

Mean Height - cm 

Mean Weight - kg 

Experimental 

64.15 

106.64 

18.63 

Control 

63.28 

108.68 

18.63 

Both groups received a daily snack for 61 days consist

ing of: one fourth peanut butter and honey sandwich and 

4 oz. milk Monday through Friday (Snack No. 1); 4 oz. straw-
2 

berry flavor milk drink and 1 1/8 oz. peanuts on Saturday, 

Sunday and holidays (Snack No. 2). Composition (USDA Bull. 

No. 72) of the snacks were as follows: 

Calories 

Protein g 

Calcium mg 

Iron mg 

Snack No. 

173.5 

8.5 

158.5 

.4 

1 Snack No. 2 

295.0 

13.2 

203 

1.08 

2 
Lance, Inc. (10<: size). 
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Snack No. 1 Snack No. 2 

Vitamin A lU 175 300 

Thiamine mg .075 .163 

Riboflavin mg .24 .29 

Niacin mg 2.35 6.32 

Vitamin C mg 2 1 

The experimental group received in addition 100 mg ascorbic 
3 

acid tablet, pulvarized; added to the sandwich, Monday 

through Friday and to the strawberry flavor milk drink Sat

urday, Sunday and holidays. Snacks and directions for mix

ing the beverage were sent home with children for Saturday, 

Sunday, and holidays and were administered by parents. 

Measurements 

Behavioral 

The Animal House Test (Wechsler 196 7) and Digit Span 

Test (Wechsler 19 49) were administered prior to and on the 

57th, 58th, and 59th day of the supplementation period by 

the same graduate student in child psychology. 

Biochemical 

Fasting blood samples were collected by a medical tech

nologist and nurse at the school clinic on two successive 

days prior to and on the 60th and 61st day of the supple-

•̂ American Pharmacental Co., Inc., Bronx, N.Y. 10454 USA, 
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mentation period. Fasting urine samples were brought to 

school on the days when blood was collected; an additional 

fasting urine sample was collected on the 25th and 26th days 

of the experimental period. The biochemical analyses per

formed by the medical technologist were: 

(1) hemotocrit - micromethod (Wintrobe 196 7) 

(2) hemoglobin - cyanomethemoglobin (ICNND) 

(3) total protein - microbiuret (de la Hoegra 

et al. 1964) 

(4) Serum iron - Hareco Kit (Williams and Conrad 

1966) 

(5) Urine Specific Gravity - Urinometer (Sunder-

man 1950). 

Serum and urine were assayed by the investigator for total 

ascorbic acid (L-ascorbic, dehydroascorbic, and diketogulonic 

acids) by the method of Roe et al̂ . (1948) using the modifi

cation of Kassouny and Rivers (1972) . The absorption was 

measured at a wavelength of 540 nanometers on a Beckman Acta 

III Spectrophotometer utilizing Beckman 1.0 ml silica cells. 

Dietary Intake 

Twenty four hour dietary recall included in the dietary 

history (Appendix C) was analyzed using the computer program 

designed by Cosper (1972). 

Anthopometric Measurements 

Anthopometric measurements were taken following ac-
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cepted procedures (Hertzberg et al. 196 3) during the first 

ten days of the experimental period. Height and weight were 

measured using a platform balance scale with height indi

cator (Continental Scale Works, Chicago, 111.). Head cir

cumference was measured using Keuffie & Esser Co. flexible 

steel tape. 

Statistical Analyses 

1. Student's t test was used to analyze the difference 

in the behavioral scores of the control and experimental 

groups (Li 1968). 

2. Analysis of covariance was used to determine if 

there were a difference in the means of the pre-experimental 

behavioral scores of the control and experimental groups. 

3. Correlation coefficients were computed to determine: 

A. Relationship between 24 hour dietary recall 

of ascorbic acid intake and urine ascorbic 

acid level. 

B. Relationship between serum iron and ascorbic 

acid levels at the termination of the experi

mental period. 

C. Relationship between 24 hour dietary recall 

of iron intake and serum iron level. 



CHAPTER IV 

RESULTS AND DISCUSSION 

Behavioral Data 

The mean pre-test scores of the Animal House Test for 

the two groups are compared to the post-test scores in Table 

1. The control group had higher initial mean scores than 

the experimental group. Analysis of co-variance showed the 

difference in beginning mean scores did not affect the final 

mean scores. Comparison of pre- and post-behavioral test 

scores showed that following treatment with ascorbic acid 

TABLE 1 

BEHAVIORAL TEST SCORES 

Control (N = 11) 
Mean + SEM 

Experimental (N = 13) 
Mean + SEM 

Pre-test Animal 
House I 

Pre-test Animal 
House II 

Post-test Animal 
House I 

Post-test Animal 
House II 

Improvement of 
Scores 

4 0 . 2 7 + 4 . 4 9 

4 5 . 7 2 + 3 . 6 2 

4 5 . 7 2 + 4 . 0 0 

4 6 . 9 1 + 3 . 8 2 

6 . 6 3 + 1 .70 

2 9 . 6 1 + 5 . 3 4 

3 5 . 6 1 + 5 . 9 5 

38.00 + 5.05 

3 9 . 0 8 + 5 . 6 4 

1 1 . 8 5 + 2 . 6 8 

18 
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there was a greater improvement by the experimental group. 

This difference tended to be statistically significant (P < 

0.1) . 

Data for the Digit Span Test were not analyzed since 

that test was shown to be too difficult for 4-6 year old 

children. 

Biochemical Data 

The initial and final mean values of the blood and 

urine analyses are compared in Table 2. All subjects were 

within acceptable ranges on all tests when results were com

pared to the criteria used for the interpretation of the 

National Nutrition Survey data (O'Neal et al. 1970). How

ever, according to the standards listed in the USDA publi

cation. Screening Children for Nutritional Status (1971), 

two of the children had indications of iron deficiency on 

the initial test, and one of the two showed this tendency on 

the final test. Serum iron values for these two children 

fell below 60 yg/100 ml. The child whose serum iron value 

increased from 58 yg/100 ml to 65 yg/100 ml was in the ex

perimental group. 

The mean value for initial urine ascorbic acid (AsA) in 

the experimental group was higher than the control group. 

One child in the experimental group had an initial urine 

ascorbic acid value of 111.52 mg/100 ml which accounted for 

the higher mean of the experimental group. However the mean 
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TABLE 2 

BLOOD AND URINE ANALYSES 

Control 
Mean + SEM 

Experimental 
Mean + SEM 

Initial Total Protein 
gm/100 ml 

Final Total Protein 
gm/100 ml 

Initial Hemoglobin 
gm/100 ml 

Final Hemoglobin 
gm/100 ml 

Initial Hematocrit 
vol. % 

Final Hematocrit 
vol. % 

6 . 7 6 + 0 . 1 0 (14)"" 6 . 6 6 + 0 . 1 2 (11) 

6 . 7 9 + 0 . 0 8 (14) 6 . 7 8 + 0 . 0 8 (11) 

1 3 . 4 9 + 0 . 1 9 (14) 1 2 . 8 5 + 0 . 2 8 (11) 

1 3 . 0 9 + 0 . 1 9 (14) 1 3 . 1 0 + 0 . 3 3 (11) 

3 9 . 6 4 + 0 . 5 4 (14) 3 8 . 1 8 + 0 . 6 5 (11) 

3 9 . 5 0 + 0 . 4 3 (14) 3 9 . 7 3 + 0 . 6 0 (11) 

Initial Serum Iron 
yg/100 ml 

Final Serum Iron 
yg/100 ml 

Initial Plasma AsA 
mg/100 ml 

Final Plasma AsA 
mg/100 ml 

Initial Urine AsA 
mg/100 ml 

Middle Urine AsA 
mg/100 ml 

Final Urine AsA 
mg/100 ml 

9 4 . 4 3 + 5 . 8 1 (14) 9 2 . 0 9 + 1 2 . 2 2 (11) 

9 6 . 3 6 + 5 . 9 7 (14) 9 3 . 0 0 + 1 0 . 2 4 (11) 

2 . 1 2 + 0 . 1 2 (14) 2 . 1 0 + 0 . 1 1 (11) 

2 . 1 7 + 0 . 1 9 (14) 2 . 2 9 + 0 . 1 9 (11) 

8 . 0 5 + 2 . 4 3 (14) 1 6 . 9 5 + 8 . 4 5 (12) 

5 . 9 9 + 1 .34 (14) 1 5 . 2 6 + 4 . 2 6 " ( 1 2 ) 

8 . 1 8 + 2 . 0 1 (14) 3 8 . 9 3 + 1 4 . 9 0 ' ' ( 1 2 ) 

^Figures in brackets represent number of subjects 

^Significantly different from control, P < 0.025 
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difference between initial urine ascorbic acid values of the 

two groups was not statistically different. The experi

mental group showed significantly higher (P < 0.025) urine 

ascorbic acid values than the control group on the 26th and 

61st days of the supplementation period. 

The biochemical findings suggested that the children 

who participated in this study had adequate plasma ascorbic 

acid and iron levels. These findings are in agreement with 

those of Sims (1971) but conflict with results of other 

studies (Owen and Kram 19 69a; Owen et al. 1969b; Owen ejt al. 

1970; Futrell et al. 1971; Chase et al. 1971; Hunt 1972; 

Schaefer and Johnson 1969; Zee et al. 1970) which showed 

evidence of inadequate iron or ascorbic acid levels. 

Serum iron was not influenced by ascorbic acid supple

mentation nor was there a significant correlation (r = 0.077) 

between serum iron values and urine ascorbic acid values. 

Dietary Recall Data 

Data from dietary recalls were compared to the 196 8 

Recommended Dietary Allowances (RDA) for 4-6 year old chil

dren using the following classifications (Cosper 1972) for 

evaluation: 

100 per cent or more of RDA for each nutrient 

= Excellent 

66.7 per cent or more of RDA for each nutrient 

= Good 
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50.0 per cent or more of RDA for each nutrient 

= Fair 

Less than 50 per cent of the RDA for one or more 

nutrients = Poor 

The 29 dietaries fell into the following classifications: 

Food and Vitamin-
Classification Food Intake Only mineral Supplement 

Excellent 1 2 

Good 4 6 

Fair 9 7 

Poor 15 14 

Fourteen of the 29 children reported taking vitamin-

mineral supplements daily. This supplement taken at home 

improved the dietary classification of six children. Based 

on food intake the number of children below the 196 8 RDA in 

each dietary classification for each specific nutrient is 

shown in Table 3. The most limiting nutrients were vitamin 

A, vitamin C, niacin, thiamine, calcium, and iron. Only 5 

of the 29 children were below the RDA for protein; as 22 of 

the 29 children were below the RDA for calories, it is 

likely that part of the ingested protein would be utilized 

for energy. 

The correlation between serum iron values and iron in

take was low (r = 0.073) and statistically was not signifi

cant. However, there was a high degree of correlation be-
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TABLE 3 

NUMBER OF CHILDREN BELOW 196 8 RDA IN 
EACH DIETARY CLASSIFICATION 

4-6 Year Old 
RDA 1968 Poor Diets Fair Diets Good Diets Totals 

Calories 
1600 

Protein 30 g 

13 

4 

7 

1 

Vitamin A 
2500 lU 

Vitamin C 
40 mg 

Niacin 11 mg 

Riboflavin 
. 9 mg 

Thiamine 
. 8 mg 

Iron 10 mg 

Calcium .8 g 

12 

13 

13 

5 

14 

13 

9 

4 

3 

7 

1 

2 

8 

6 

2 

0 

2 

2 

1 

1 

2 

22 

5 

17 

18 

22 

17 

22 

17 

tween urine ascorbic acid and vitamin C intake which was 

highly significant statistically (P < 0.01; r = 0.90). 

Anthropometric Data 

Weights were plotted on a percentile growth chart 

(Stuart and Meredith 1967), as shown in Figure 1 for boys 

and Figure 2 for girls. Eleven of the 15 male subjects fell 

below the fiftieth percentile, four of whom were below the 

tenth percentile. None were above the ninetieth percentile. 
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Fig. 1.—Boys' weight percentile chart based on Stuart 
and Meredith Charts (1967). 
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Fig. 2.—Girls' weight percentile chart based on 
Stuart and Meredith Charts (1967). 
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although four of the 15 boys were above the fiftieth per

centile for weight. Nine of the 12 female subjects fell be

low the fiftieth percentile, two of whom were below the 

tenth percentile. Three girls were above the fiftieth per

centile for weight with one of these above the ninetieth 

percentile. Twenty subjects out of the total 27 measured 

fell below the fiftieth percentile for weight, six of whom 

were below the tenth percentile. 

Heights were plotted also on a growth percentile chart 

(Stuart and Meredith 1967), as shown in Figure 3 for boys 

and Figure 4 for girls. Twelve of the 15 males fell below 

the fiftieth percentile with five of these below the tenth 

percentile. Three boys were above the fiftieth percentile 

for height and none were above the ninetieth percentile. 

Nine of the 12 females fell below the fiftieth percentile, 

five of whom were below the tenth percentile. Three girls 

were above the fiftieth percentile one of whom was above the 

ninetieth percentile for height. Twenty-one subjects out of 

the total 27 measured fell below the fiftieth percentile for 

height, eleven of whom were below the tenth percentile. 

Head circumference measurements for boys and girls are 

shown in Figure 5 plotted against the average for American 

children (Watson and Lowrey 196 7). Twenty of the 27 chil

dren were below the mean for head circumference, eight of 

whom were below one standard deviation of the mean. Seven 
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of the 27 subjects were above the mean, two of whom were 

above one standard deviation of the mean. There was a trend 

for the three anthropometric measurements to parallel each 

other. It is evident from the anthopometric data that the 

sample has a negatively skewed distribution. 

Reports from many parts of the world indicate that re

tarded growth is the most frequent manifestation of chronic 

undernutrition in the young. This is true regardless of 

race, culture or nationality (Guzman 19 68). Low socio

economic background has been generally accepted as an in

fluencing factor in undernutrition. The subjects in this 

study were not socio-economically deprived, since most of 

the families were within middle income levels, yet retarded 

growth was indicated in the majority of the subjects. Re

tarded growth as a result of chronic undernutrition is well 

confirmed by animal experiments (McCance 1962). Duzen 

(1969) reported chronic calorie and protein malnutrition in 

children with growth patterns similar to those of this study 

While the biochemical findings of these children are within 

normal values, the dietary intake analyses and anthropo

metric measurements are alarming. The characteristics for 

the children in this study were: weight 18.6 3 kg, and 

height 107.6 cm. If one considers that the RDA for the 4-6 

year old is based on an average weight of 19 kg and height 

of 110 cm then it may be that the RDA for this group is too 
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high and they should be compared to recommendations based on 

their body size. Because of smaller body volume, nutrient 

requirements would be less, therefore nutrient deficiencies 

may not be detected biochemically. If, on the other hand, 

these children were consistently maintained on less than an 

optimum level of food intake retarded growth could result. 

Because of the prominent anthropometric findings it 

would be worthwhile to determine the prevalence of growth 

retardation in preschool or older children with learning 

disabilities, particularly when learning disability is found 

in association with hyperkinesis. In the latter instance, 

nutritional demands would be greater, resulting in more pro

nounced growth retardation in the face of limited nutrient 

intake. 

This study did not provide conclusive evidence that 

ascorbic acid supplementation improved the test scores of 

the experimental group, however, in future studies if a sam

ple can be obtained that clearly evidences marginal or 

marked ascorbic acid deficiency, the supplementation could 

prove more effective. The present results could have per

haps been more conclusive if the sample had been larger. 

Nevertheless, the ascorbic acid supplementation effected 

near significant change in the test scores. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

The effect of ascorbic acid on behavior and nutritional 

status was studied in twenty-nine 4-6 year old preschool 

children with learning disabilities. Nutritional status was 

studied by biochemical analyses, dietary intake analyses and 

anthropometric measurements, Pre-experimental behavioral 

tests were administered and scores ranked from high to low; 

children were than randomly divided into control and experi

mental groups. Both groups received identical daily snacks 

for 61 days with the experimental group receiving also 100 

mg ascorbic acid. Post-experimental behavioral and bio

chemical tests were administered. 

Pre-experimental biochemical analyses showed all chil-

drens' values to be within acceptable standards set by the 

National Nutrition Survey researchers (O'Neal et al. 1970). 

Analyses of the 24 hour dietary recalls revealed the most 

limiting nutrients to be vitamin A, vitamin C, niacin, 

thiamine, iron, and calcium. According to the 196 8 RDA for 

4-6 year old children, sufficient calories were lacking in 

22 of the 29 diets. Anthropometric data showed that 77.7 

per cent were below the fiftieth percentile for height, 74.0 
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per cent below the fiftieth percentile for weight, and ')4.0 

per cent below the average for American childrens' head cir

cumference. 

Post-experimentally, the mean urine ascorbic acid of 

the experimental group was significantly higher (P < 0.025) 

than the mean of the control group. Post-experimental be

havioral test scores of the experimental group who had re

ceived a supplemental dose of 100 mg ascorbic acid tended to 

be higher (P < 0.1) than the scores of the control group. 
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APPENDIX A 

LETTERS TO PARENTS 

TEXAS TECH UNIVERSITY 
DEPARTMENT OF FOOD AND NUTRITION 

COLLEGE OF HOME ECONOMICS 

January 30, 1973 

TO: Parents of Children in Early Childhood Education 

We would like for your child to participate in a study 
being conducted at the Early Learning Center. We would like 
to study children's behavior in relation to food intake. We 
plan to furnish your child with a snack each day at school. 
In addition, on Friday bf each week we will send snacks home 
for Saturday and Sunday. The study will last until spring 
vacation. 

This project is being conducted by the Food and Nutri
tion Department at Texas Tech University with the approval 
of the administration of the Lubbock Public Schools. Those 
involved in directing this study include: Dr. M. Kassouny, 
Dr. B. Cosper, and E. C. Henley, Department of Food and 
Nutrition; Dr. W. Landers, Department of Psychology; and Dr. 
R. Carr, pediatrician. 

At the beginning of this study we would like about one 
hour of your time to learn from you your child's eating 
habits. In addition we will need the following from your 
child: 

1. Small blood samples - only twice, at the beginning 
and at the end of the study 

2. Urine samples - only three times, at the beginning, 
middle, and end of the study 

We have arranged to collect the blood samples at the school 
clinic. On the two days when these samples are needed your 
child should be at school by 7:30 A.M. Urine samples need 
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Al^PENDIX A—Continued 

to be collected at home and brought to the clinic. De
tailed instructions will be given later concerning this. 
These blood and urine samples will be needed before your 
child eats breakfast; therefore, on the two days when blood 
samples are needed, we will provide breakfast for your child 
at school. It is very important that we have your full co
operation for the entire length of the study. Participating 
in the study will not interfere with your child's regular 
routine at school. All information about your child will be 
confidential. 

We think some very important information will result 
from this study. At the end of the study we would like to 
get together with you again and inform, you about the conclu
sions of the study. 

A meeting is scheduled Thursday night at 7:30 P.M. 
(February 1, 1973) in the Guadalupe School Cafeteria to 
acquaint you with other aspects of the project and to answer 
any questions you may have concerning this study. If you 
would like for your child to participate it is essential for 
you to attend this meeting which should not last more than 
45 minutes. 

We look forward to see you on Thursday. 

Yours sincerely. 

E. C. Henley 
Research Assistant 



APPENDIX B 

PERMISSION FORM 

Nutrition Study - Early Learning Center 

Lubbock Public Schools 

Jan. - May 1973 

I have heard the information concerning this study. I un
derstand that snacks will be given to my child and dietary 
histories will be taken by Food & Nutrition Research As
sistants and blood and urine samples will be collected by 
competent medical personnel from the Medical Arts Clinic. 
I am willing for my child to participate in this study. 
All information about my child will be confidential and no 
names will be used in reporting these findings. 

Parents or Guardians Signature 

Date 

Phone no. 

I could/could not come to the school for the one hour in
terview at night. 

I will/will not need transportation for my child on the 
mornings when he/she must be at school by 7:30 (2 mornings) 
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APPENDIX C 

DIETARY HISTORY 

Instructions to Interviewers 

Ask questions as they are written on the questionnaire. 
Clarify any questions the respondent may have, but be care
ful not to imply an answer. For example: on questions 
number 10-17 do not ask, "Has your child ever had measles, 
mumps, etc." Wait for the respondent to volunteer the answer 

Many questions can be answered simply by inspection. 
For example, question number 6, Ethnic group and question 
number 33, day of 24 hour recall. Simply circle appropriate 
number. 

Respondents may need help in determining the size of 
servings for the recall sheet. For example, if the respon
dent says the child ate a "hot dog" find out if it was a 12 
ounce package of 10 weiners or a 16 ounce package of 10 
weiners. Also, find out if "hot dog" means a sandwich or 
the weiner alone. If the child ate a serving of meat ask 
if it was larger or smaller than a slice of sandwich cheese 
(these are usually 1 ounce). All amounts should be listed 
in the first amount space, in ounces if possible. Food 
models will be available. If the child had cereal try to 
find out what specific kind and brand. Be sure to determine 
if milk is skim, 2% fat, or whole. Ask questions which 
would assist the respondent in remembering everything the 
child ate. For example, if the child ate toast, ask if it 
were buttered or if jelly was also eaten. 
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APPENDIX C—Continued 

Date: 

Interviewer 

Information About the Child 

Name Code No 

Address Phone No, 

1. Sex: 

2. 
3. 
4. 
5. 

How 
7. 
8. 

Has 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 

Has 
18. 
19. 
20. 
21. 
22. 

Female 
Male 
date 

1 
2 

Birth 
Birth weight 3 4 5 6 7 8 9 10 
Birth order 1 2 3 4 5 6 7 8 9 
Multiple birth: Yes 1 

Ethnic group 

was he/she 
Breast 
Formula 

fed 

No 2 
Black 
Mexican-Amer. 
White 
Other 
the 

10 11 12 13 14 

1 
2 
3 
4 

first 
0 1 

r-,-— ° ̂  
specify 

9. At what age did he/she walk alone? 

year? 
2 3 4 
2 3 4 

5 
5 
6 
6 

Duration in 
7 8 9 10 11 
7 8 9 10 11 

Months 
12 
12 

7 8 9 
14 15 

10 
16 

11 
17 

12 
18 

13 
19 

he/she ever had any serious 
None 
Measles 
Allergies (type) 
Severe diarrhea 
Mumps 
Chicken pox 
Pneumonia 
other 

illness? 
0 
1 
2 
3 
4 
5 
6 
7 

child ever been hospitalized? 
0 
1 
2 
3 
4 

your 
No 
0-3 months 
4-7 months 
8-12 months 
1-2 years 

How old was he/she? 
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APPENDIX C—Continued 

23. 2-3 years 5 
24. 3-4 years 6 
25. 4-5 years 7 

What were the lengths of 
26. 1st time 

less than 
1 week 1 

2 weeks 2 
3 weeks 3 
4 weeks 4 
5 weeks 5 
6 weeks 6 
7 weeks 7 

hospital 
27. 

Izations 
2nd time 

1 
2 
3 
4 
5 
6 
7 

28. 3rd time 

1 
2 
3 
4 
5 
6 
7 

29. What was the nature of the illness/es 

30. 

31. 

32. 

33. 

What is the usual time that he/she gets up each morning? 
5 6 7 8 9 

What is the usual time that he/she goes to bed each 
night? 6 7 8 9 10 11 

Does he/she take vitamin and/or mineral supplements? 
None 0 
multivitamins 1 
multivitamins plus iron 2 
ascorbic acid 3 
Vitamin A or D 4 
Iron 5 
Other 6 

specify 
Day of 24 hr. recall: Im 2 3 4 5 6 7 

"Now, I would like you to tell me about everything 
your child ate and drank from the time he got up in 
the morning until the time he went to bed at night 
cuid what he ate during the night. Be sure to mention 
everything he ate or drank at home and away from home. 
Include snacks and drinks of all kinds and everything 
else he put in his mouth and swallowed. Now let us 
begin." 
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APPENDIX C—Continued 

34. Does he/she eat at regular times each day? 
No 1 
Yes 2 

How many days a week does he/she eat the following? 
35. a morning meal 0 1 2 3 4 5 6 7 
36. lunch or mid-day meal 0 1 2 3 4 5 6 7 
37. e v e n i n g meal 0 1 2 3 4 5 6 7 
38 . mid-morning snacks 0 1 2 3 4 5 6 7 
39. m i d - a f t e r n o o n snacks 0 1 2 3 4 5 6 7 
40 . i n the even ing 0 1 2 3 4 5 6 7 

Which meals does he/she usually eat with the family? 
41. None 0 
42. Breakfast 1 
43. Evening 2 
44. B & E 3 

45. Would you describe his/her appetite as: 
Good 1 
Fair 2 
Poor 3 

46. At what time of day is he/she most hungry? 
Morning 1 
Noon 2 
Evening 3 

What foods does he/she dislike? 
47. vegetables 
48. meats 
49. fruits 
50. other 

51. Is he/she on a special diet now? 
No 1 
Allergy 2 
Other ^ 3 

specify 

52. Has he/she ever been on a special diet? 
No 1 
Allergy 2 
Other ^ 3 

specify 
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49 

53 I s 

54 

y o u r 
No 
Yes 

c h i l d t a k i n g 

Specify 

any 
1 
2 

medication? 

How many times per 
foods (at any meal 
Circle the appropr 
Bacon 
Sausage 
Luncheon meat 
Weiner 
Liver 
Poultry 
Pork or ham 
Meat in mixtures 

(stew, tamales, 
casseroles, 
etc.) 

Beef or veal 
Other meat 
Fish 
Cheese 
Eggs 
Orange juice 
Grape juice 
Apple juice 
Orange 
Grape 
Apple 
Tomato juice 
Melon 
Cereal-dry or 
cooked 

Pancakes or 
waffles 

Potato 
Other cooked 
vegetables 

Raw vegetables 
Dried beans or 
peas 

Macaroni, spaghett 
rice, or noodles 

Ice cream, milk 
pudding, custard 
or cream soup 

week does he/she eat 
or between meals)? 
iate number: 
0 1 2 3 4 5 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

2 
2 
2 
2 
2 
2 

3 
3 
3 
3 
3 
3 

4 
4 
4 
4 
4 
4 

5 
5 
5 
5 
5 
5 

6 
6 
6 
6 
6 
6 
6 

7 
7 
7 
7 
7 
7 
7 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

1, 
7, 
1, 
1, 
1, 
1, 
1, 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

0 1 2 3 4 5 6 7 > 7 

0 1 2 3 4 5 6 7 > 7 
0 1 2 3 4 5 6 7 > 7 

0 1 2 3 4 5 6 7 > 7 
0 1 2 3 4 5 6 7 > 7 

0 1 2 3 4 5 6 7 > 7 

6 l 2 3 4 5 6 7 > 7 

0 1 2 3 4 5 6 7 > 7 

the following 

specify_ 
specify 
specify' 
specify] 
specify' 
specify" 
specify' 

specify 
specify' 
specify^ 
specify' 
specify^ 
specify" 
specify" 
specify" 
specify" 
specify_ 
specify' 
specify] 
specify_ 
specify" 

specify 

specify 
specify" 

specify^ 
specify_ 

specify 

specify 

specify 
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Peanut butter 
or nuts 0 1 2 3 4 5 6 7 > 7 , specify 

Sweetrolls or 
doughnuts 0 1 2 3 4 5 6 7 > 7 , specify 

Crackers or 
p r e t z e l s 0 1 2 3 4 5 6 7 > 7 , s p e c i f y 

Cook ie s 0 1 2 3 4 5 6 7 > 7 , spec i fy" 
P i e , cake o r 

b r o w n i e s 0 1 2 3 4 5 6 7 > 7 , s p e c i f y 
P o t a t o c h i p s o r 

c o r n c h i p s 0 1 2 3 4 5 6 7 > 7 , s p e c i f y 
Candy 0 1 2 3 4 5 6 7 > 7 , spec i fy" 
S o f t d r i n k s , 
popsicles or 
K o o l a i d 0 1 2 3 4 5 6 7 > 7 , s p e c i f y 

I n s t a n t B r e a k f a s t 0 1 2 3 4 5 6 7 > 7 , spec i fy" 
55. What specific kinds of the following foods does he/she 

eat most often? 
Fruit juices 
Fruit 
Vegetables 
Cheese 
Cooked or instant cereal 
Dry cereal \ 
Milk 

56. How many servings per day doe^ he eat of the following 
foods: 
Circle the appropriate number: 
Bread (including sandwich), toast, rolls, muffins -
1 piece or slice = 1 serving 

0 1 2 3 4 5 6 7 > 7 , s p e c i f y 
Milk (including on cereal or other foods) 8 oz. = 
1 s e r v i n g 0 1 2 3 4 5 6 7 > 7 , s p e c i f y 
Sugar, jam, jelly, syrup - 1 tsp. = 1 serving 

0 1 2 3 4 5 6 7 > 7 , s p e c i f y 
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APPENDIX C—Continued 

57. 

59 

61 

Information 

Mother 
IS your age range 
between: 

18-25 1 
26-35 2 
36-70 3 

Ethnic group 
Black 
Mexican-American 
White 
other 

1 
2 
3 
4 

About 

58. 

60. 

the Family 

Father 
is your age range 
between: 

18-25 1 
26-35 2 
36-70 3 

Ethnic group 
Black 
Mexican-American 
White 
other 

1 
2 
3 
4 

Educat ion ( in y e a r s ) 
1 2 3 4 5 6 7 8 9 10 11 
12 13 14 15 16 17 18 19 
20 

62. Education (in years) 
1 2 3 4 5 6 7 8 9 10 11 
12 13 14 15 16 17 18 19 
20 

63. Is your total family income: 
less than $2,000 1 
$2,000 to $3,999 2 
$4,000 to $5,999 3 
$6,000 to $7,999 4 
$8,000 to $9,999 5 
$10,000 to $11,999 6 
$12,000 or above 7 

64. How many people are supported by this income? 
2 3 4 5 6 7 8 9 10 11 12 13 14 

65. How many children live at home? 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
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INFORMATION TO PARENTS 

We have selected your child to participate in the 7-
week study being conducted at the Early Learning Center. We 
plan to furnish your child with a nutritious snack, such as, 
crackers and cheese or raisins and milk or juice and nuts, 
each day at school. In addition, on Friday of each week we 
will send snacks home for Saturday and Sunday. It is very 
important that your child eat these snacks at the specified 
times during the weekends. 

During the entire period the following will be needed: 
(1) Blood sample - twice, only at the beginning and at end 

of the study. 
(2) Urine sample - only three times, at the beginning, mid

dle, and at the end of the study. 
We have arranged to collect the blood samples at the school 
clinic. On the two days when these samples are needed your 
child should be at school by 7:30. Urine samples need to 
be collected at home and brought to the clinic. Detailed 
instructions will be given later about this. These blood 
and urine samples will be needed before your child eats 
breakfast; therefore, on the two days when blood samples are 
needed, we will provide breakfast for your child at school. 
It is very important that we have your full cooperation for 
the entire length of the study. Participating in the study 
will not interfere with your child's regular routine at 
school. All information about your child will be confiden
tial. He/she will be assigned a code number for the study. 

We think some very important information will result 
from this study. At the end of the study we would like to 
get together with you again and inform you about the conclu
sions of the study. 

If you have any questions about the study, please call 
the Food and Nutrition Department at Texas Tech, 74 2-4166, 
and leave your name and telephone number for E. C. Henley. 
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DIRECTIONS FOR URiNE COLLECTION 

1. Do not allow child to eat or drink anything after 9 P.M, 

2. Do not eat breakfast. 

3. Collect the first urine sample of the day. 

4. Cover and bring to school. 

5. Remember: On days when blood is to be collected at 
school (2 times), we will provide your child's break
fast. 
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