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ABSTRACT 

This study was made to determine whether reported 

behaviors of phenylketonuria (PKU) children are specific 

and whether the specific behavior patterns found are 

dependent upon the presence of high phenylalanine levels 

or are the results of irreversible impairment. This 

demanded the construction of a questionnaire for the 

measurement of behavior which can be used in the future as 

well as for the study. 

Mothers of 109 PKU children between the ages of 

three and nine years rated their children's behavior by 

filling out the questionnaire. Sixty-five of the children 

rated had low phenylalanine levels determined by dietary 

treatment and 44 had high phenylalanine levels and were not 

receiving dietary treatment. Each PKU subject was matched 

with a subject with normal intelligence of the same age 

and sex and with a subject of the same age, sex and in

telligence score. The parents of the matched subjects also 

used the questionnaire to rate the behavior of their children. 

For analysis, the PKU subjects were divided into 

two groups, off-diet and on-diet, and were treated as a 

combined PKU group. The subjects matched with PKU subjects 

on age and sex and who had normal intelligence were Control 
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Group I and those matched with PKU subjects on age, sex and 

IQ scores were Control Group II. The groups and subgroups 

of subjects were compared on each questionnaire item to 

determine which items reflected differences in behavior. 

The majority of the items discriminated in at least one 

comparison, 

A factor analysis of the ratings by PKU mothers 

revealed nine factors of behaviort namely, "Withdrawal," 

"Hyperactivity," "Attention Span," "Timidity," "Emotion

ality," "Lethargy," "Responsiveness," "Frustration Toler

ance," and "Sleep Problem." There were, at the .01 level 

of significance, seven factors that differentiated the PKU 

subjects from Control Group I, and at the .05 level, five 

factors that differentiated the PKU subjects from Control 

Group II. The PKU children were rated less favorably than 

the children with normal intelligence and more favorably 

than those of Control Group II. 

A comparison of the PKU subjects on the diet with 

those off the diet revealed differences in four factors? 

"Withdrawal," "Attention Span," "Hyperactivity" and "Leth

argy." However, only "Lethargy" was significantly more 

frequently reported among the subjects off the diet when 

the effects of age and intelligence were statistically 

removed. It appears then to be the only reversible behavior 

pattern observed in the phenylketonuria child. 
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Research of a longitudinal nature as children are 

moved on and off diets is needed to gain further understand

ing of the disease. The questionnaire appears to be a use

ful instrument for such analyses. 



INTRODUCTION 

Phenylketonuria is a disease that has received a 

great deal of publicity during the past decade. It has 

been known as a disease that: (1) causes mental retarda

tion if it is not treated soon after birth, (2) can be 

identified at birth by means of a simple chemical test, 

(3) is hereditary, and (4) is amenable to dietary treat

ment. Because of the apparent simplicity of the diagnosis, 

the promise of the treatment, and the great hopes of saving 

children from severe mental retardation, at least 37 states 

have passed laws requiring screening tests of newborns to 

identify those with the disease before mental deterioration 

can occur. The increased awareness of this disease, however 

has led to the discovery that the disease is very complex 

and more questions than answers seem to arise each year. 

The discovery of phenylketonuria is accredited to 

Dr. Asbjjrfrn Foiling of Oslo, Norway in 1934 (Centerwall 

and Centerwall 1961). He discovered phenylpyruvic acid 

in the urine of two mentally retarded children and hypothe

sized that the disease of these children represented a 

disturbance in the metabolism of amino acid and that the 

acid might be causing the mental retardation. A survey of 

other mentally retarded children led to the discovery of 



eight more patients with the same disease. He postulated 

that it was an inherited disorder of phenylalanine metab

olism and he called it embecilitas phenylpyruvia. It also 

became known as Foiling's Disease, phenylpyruvic oligo

phrenia, phenylketonuria, and finally more simply as PKU. 

Jervis (1939) tested 20,300 patients from institu

tions for the mentally retarded and found that 161 had 

phenylpyruvic acid in their urine. He commented that the 

cause of mental retardation was usually difficult to trace 

biologically because of its heterogeneous nature and be

cause the "distinction between normal and affected individ

uals was determined according to an arbitrary policy... 

based upon psychological tests and sociological distinction." 

This was described as offering an obstacle to the study of 

heredity in mental deficiency. He considered that phenyl-

pyruvic oligophrenia, however, constituted a unity in a 

biological sense and that the identification of individuals 

showing the characteristic could be made by exact laboratory 

methods. He concluded that phenylpyruvic oligophrenia 

appeared to be a clear illustration of a type of mental 

deficiency determined by a single autosomal gene. He de

scribed the disease according to the symptoms he found 

among his population of mentally retarded patients? however, 

he did not question whether or not the disease could be 



found elsewhere. He, as well as his successors for decades, 

completely accepted the relationship between phenylpyruvic 

acid and mental retardation. 

Paine (1957) surveyed mentally retarded patients 

in eleven institutions and private practice and found 106 

cases of PKU. He described outward manifestations of the 

disease shown by his sample of mental retardates and ob

served that diagnosis can not be made from physical exam

ination or history alone because the symptoms of PKU 

patients did not differ from those of mental retardation 

in general. They seemed to differ only in urine analysis. 

He suggested that analyses of changes because of treatment 

be made by comparing the PKU child with other children of 

the same age and IQ instead of making comparisons on the 

same child before and after treatment. This has rarely 

been done. 

The clinical symptoms of untreated PKU are of three 

classes* psychological, neurological abnormalities, and 

extraneural physical symptoms (Jervis 1963). The psycho

logical symptoms include both moderate mental retardation 

(IQ's usually below 50) and behavioral disorders. The 

neurological abnormalities frequently include epilepsy, 

hypertonicity, and fine motor tremors. The extraneural 

physical symptoms usually include blond hair, blue eyes, 

lightly pigmented skin, eczema, small body size and a 
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peculiar musty body odor. Partington (1961) reported that 

untreated patients appear to be normal at birth but delayed 

mental and physical development often become noticeable be

fore the child reaches his first birthday. The chief 

symptoms he reported prior to the appearance of mental 

deficiency are vomiting, irritability, a peculiar odor, 

infantile eczema, and seizures. He suggested that in these 

patients vomiting and irritability in early life may be due 

to a toxic effect of phenylalanine, or its derivatives, on 

the brain. He suggested that physicians check all infants 

for PKU who show these early symptoms, if they are not going 

to bother to test all infants. 

The incidence of PKU found in institutions for the 

mentally retarded seems to be approximately 1% with a range 

from .33% to 1.6% (Jervis 1939, Moore, Magee, Sindzinski 

1964, and Friedman 1965a). This should not be confused 

with the incidence in the general population. Jervis 

based an estimate for the general population at 4 per 

100,000 but this is probably too lovr because it does not 

take into account the early mortality of retarded children. 

Gutherie and Whitney (1963) reported that 1 in 10^000 new

born infants were found to have PKU when initially screened 

with the Gutherie test. Those yielding positive results 

were checked by serum determinations. This estimate also 

contains some error because screening tests conducted only 
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three or four days after birth allow some "false negatives." 

Some children do not seem to show a positive phenylalanine 

test until two or three weeks later. There is also some 

question as to the validity of the Gutherie test for iden

tifying classical PKU patients in a screening program 

(Cooper 1967). 

It was originally thought that PKU is rare among 

Negroes and Jews. Therefore these groups have been neg

lected occasionally in screening programs. It has been 

concluded that PKU is universal and that the true incidence 

is actually not known (Friedman 1965a, Katz and Menkes 1954). 

The PKU subjects described in the early literature 

were identified because they were mentally retarded, often 

had blond hair, blue eyes, and when tested revealed phenyl-

puruvic acid. It was later discovered that it is possible 

for a mentally retarded PKU child to have untreated PKU 

siblings with normal intelligence (Bessman 1965). Untreated 

PKU patients with average and above average intelligence 

have been identified (Mabry and Podoll 1963). Early inves

tigators assumed that mental retardation is part of the PKU 

syndrome and persons with untreated PKU who are not mentally 

retarded were called atypical. No investigations have been 

performed on large samples of the population to determine 

whether the normal or the mentally retarded PKU is the 

typical one. 
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The diagnosis of phenylketonuria rests on the eleva

tion of blood phenylalanine and the presence of phenyl-

pyruvic acid in the urine. The criterion for the diagnosis 

of classical PKU is usually agreed to be serum phenyl

alanine levels of 20 mg.% or above and a positive ferric 

chloride test. The diagnosis is not simple as it was pre

viously believed to be. Diagnosticians do not completely 

agree and there are suggestions of several types of PKU. 

Hsia (1967) proposed the distinction between classical 

phenylketonuria and hyper-phenylalaninemia. The present 

paper will deal with classical phenylketonuria. 

Phenylketonuria is recognized to be an inborn error 

of metabolism in which the liver enzyme phenylalanine-

hydroxylase is either entirely absent or reduced in its 

activity. Due to this enzymatic defect, phenylalanine, an 

essential amino-acid present in all food proteins, is not 

oxidized to tyrozine. Phenylalanine accumulates in blood 

and spinal fluid and is secreted in the urine as phenyl-

pyruvic acid. According to Bessman (1965), it is clear from 

a biochemical standpoint "that what originally appeared to 

be a very simple biochemical phenomenon resulting in mental 

deficiency has become a highly involved chemical problem, 

the solution of which is not in sight." He reported many 

studies that have attempted to relate the biochemical 

phenomenon with mental retardation but as yet the 



relationship is unknown. Partington (1962) reported no 

significant correlation between phenylalanine level and 

intelligence score among 75 untreated PKU subjects. The 

results of treatment have been used as indirect evidence of 

the chemical process that no one can define. 

The therapeutic approach to phenylketonuria has 

been based on the assumption that one or more of the accumu

lated products of phenylalanine may specifically be toxic 

to the central nervous system and thereby directly be causing 

the mental deficiency. The treatment consists of the re

moval of phenylalanine from the diet but this is difficult 

because phenylalanine is an essential amino acid. A syn

thetic diet is produced by breaking down normal protein into 

its constituent amino acids by chemical means and removing 

the phenylalanine. The mixture of amino acids produced in 

this manner is substituted for the proteins of the normal 

diet. The product currently most frequently used is com

mercially produced under the name of Lofenalac. This is in 

powdered form and easily adapted for infant feeding. It 

can be combined with other foods for an older child. As 

the child grows older his tolerance for phenylalanine seems 

to increase and small amounts of natural protein food 

gradually are added to his diet. Careful monitoring of the 

diet by frequent measurement of the child's blood phenyl

alanine levels, physical growth, general health, and 
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emotional health is vital. The diet is still somewhat 

experimental and involves some risk. The risks involve 

death due to malnutritian or lowered resistance to disease; 

stunted hone growth, and emotional disturbances centered 

around restriction of food, preferential treatment in the 

home and family conflicts (Dodge et al. 1959, Umbarger 1960, 

and Holt 1963). 

The early attempts to treat PKU children by removing 

or reducing the phenylalanine intake were made with children 

who showed symptoms of mental retardation before dietary 

treatment was initiated. The prognosis is not good for 

improving the level of intellectual functioning of an un

treated PKU child by dietary treatment after the age of two 

or three even though some reports have been made to that 

effect. 

Horner and streamer (1956) and Horner et al. (1957) 

reported desirable effects of diet upon four children who 

were treated late (at ages 4 yrs.. Ah yrs., 19 months, and 

17 months) and who were mentally retarded before treatment 

was initiated. Before treatment three of them manifested 

wild and hyperactive, aggressive behavior, while the fourth 

one was placid, listless and expressionless. The hyperactive 

children improved in their behavior and showed significant 

gains in their IQ scores after a year or more of treatment 

while the placid child did not change in behavior or show 
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an increase in IQ scores. Woolf# Griffiths, and Moncrieff 

(1955) also reported a rise in IQ scores as well as marked 

behavioral changes as the result of dietary treatment. 

Bruhl, Arnesen and Bruhl (1964) reported an increase in MA 

scores in the three youngest patients in a study 'of ten 

PKU patients whose dietary treatment was initiated after 

mental retardation had occurred but they felt the dramatic 

behavioral changes were more significant. 

On the other hand, Berry et al. (1958) reported 

three cases who also began treatment late who did not 

improve in IQ scores. They suggest that intellectual 

functioning has been impaired due to neurological damage 

which is not reversible with treatment. It seems that the 

reported increases in intellectual functioning have been 

based either upon unreliable initial tests or the level of 

functioning has been enhanced by improved behavior and the 

increased amount of attention given to the patients while 

they were treated. 

It was formerly believed that PKU children were 

born normal and, if treated from birth, would remain normal. 

Horner and streamer (1959) reported three cases of siblings 

of retarded PKU children who were diagnosed at birth as 

phenylketoneuric and treated from infancy who progressed 

normally in intellectual development. A follow-up of these 

children by the present author revealed low average and dull 
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normal intelligence and learning difficulties when the 

children reached school age. The question arises as to 

whether the diet is inadequate or if damage occurs in utero. 

The diet was beneficial to the extent that these children 

progressed much better than their untreated PKU siblings 

but they were not doing as well as their unaffected siblings. 

The purpose of treatment for older children is to 

halt mental deterioration that is believed to be progressive. 

Knox (1960) reported that "5 points in the final IQ are 

lost for each 10 weeks of delayed dietary treatment." The 

intelligence of PKU children is highly variable and cannot 

be predicted. However, there does seem to be a trend in 

the level of intellectual functioning that is related to 

the age at which dietary treatment is initiated. Berman 

et al. (1961), Centerwall and Centerwall (1961), Kang et al. 

(1965), Berman, Waisman and Graham (1966), and Dobson 

(1967) report data indicating that those who are untreated 

are the most retarded, those treated late are less retarded, 

those treated early (usually defined to mean before three 

months of age) are least retarded but have lower IQ's than 

their unaffected siblings. This has been the evidence used 

by those who advocate early screening to identify the PKU 

children before the symptoms of mental retardation appear. 

This conclusion is consistent with most of the 

evidence published to date but Birch and Tizard (1967) 
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disagree because they say the results are biased on the 

basis of selection of cases. The untreated ones are found 

because they were already mentally retarded. Those treated 

late are found because retardation is suspected or found in 

the family. The early treated are identified because they 

are siblings of older retarded children or are found in 

screening tests. It cannot be determined whether or not 

this group would have been retarded had they not received 

treatment. The problem of selection of cases without some 

bias has not yet been resolved and it is not likely that 

parents or physicians are going to withhold treatment from 

infants diagnosed at birth to obtain the evidence needed for 

well controlled studies. In addition to Birch and Tizard's 

criticism, it should be pointed out that Kang et al. com

pared the early treated PKU children to later treated and 

unaffected siblings on the basis of tests given to the early 

treated children at a mean age of 14 months. Psychological 

tests given at this age correlate very low with test scores 

obtained at a later age. Except for noting obvious defi

ciencies, one should be very cautious about using estimates 

of future intelligence based on infant testing (Conger 1957). 

The narrow focus on intellectual functions in PKU 

has tended to obscure such considerations as behavioral 

patterns and adjustment. The behavior of the PKU child may 

be as characteristic of the syndrome as mental deficiency. 
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Two non-treated PKU children were described by Sutherland, 

Berry and Shirkey (1960). These children's symptoms 

included a "faraway, hazy look, refusal to perform, un

friendliness, fear of simple objects, persons, new situa

tions, new places, temper tantrums over minor incidents and 

delayed and defective speech development." Frankenburg 

and Jordon (1967) described three cases of adolescent PKU 

who had borderline intelligence and emotional disturbance 

that was characterized by inability to relate to other 

people. Bjornson (1964) reported an eleven year old PKU 

girl with mild mental retardation and schizophrenic behavior. 

Her 14 year old institutionalized PKU sister was severely 

retarded and also had behavior problems. Bjornson suggested 

that the behavior might be a specific type of disordered 

thinking or that it might be the result of the patient's 

and family's adaptation to the retardation. Friedman (1965b) 

cited many reports in the literature that illustrate the 

similarity of behavior between the PKU child and the 

autistic child. He suggested that there may be a biochemical 

link between the autistic disturbances of the childhood 

schizophrenic and the phenylketonuric child. 

Behavioral changes resulting from dietary treatment 

have been reported in cases that were treated late. In 

most reports, changes in behavior were noted whether or not 

there was a change in intellectual fxanctioning as measured 
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by intelligence testing. Bickel, Gerrard and Hickmans 

(1954) treated a two year old mentally retarded girl and 

demonstrated a relationship between phenylalanine level and 

behavior. The changes that took place within the first 

six months after treatment began were brighter eyes, in

creased interest in surroundings, and beginning to crawl, 

stand, climb, etc. When the phenylalanine intake was in

creased she immediately became irritable, drowsy, her facial 

expression became vacant, and she lost interest in food and 

surroundings. 

Diedrick and Poser (1960) reported two brothers who 

had near normal IQ scores but had delayed language. Treat

ment was initiated at the ages of three and four. They made 

a remarkable and sudden improvement in language that cor

responded to lowering the phenylalanine level. Langdell 

(1965) also reported a boy who did not talk until dietary 

treatment was initiated although he had had three years of 

play therapy. Before dietary treatment he had been described 

as autistic, withdrawn, mute, hyperactive, destructive, un

manageable, having a low frustration tolerance, irritable, 

aggressive, and as banging his head. In addition to start

ing to talk after dietary treatment was initiated, he be

came more responsive and alert, smiled, and became cooper

ative. 
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Centerwall et al. (1961a) also mentioned behavior 

in their patients "reminiscent of autism," fear of unfamil

iar things and avoidance of handling them. After treatment 

there was an increase in alertness, responsiveness and 

attention span, less irritability; and improved sleep. 

Bruhl, Arnesen and Bruhl (1964) and Berry et al. (1958) 

reported that with initiation of diet their PKU children 

became less tense, less irritable, less hyperactive, and 

improved in alertness and attention span. Woolf et al. 

(1958) noted increased physical activity and improved social 

alertness. Sutherland, Umbarger and Berry (1966) system

atically made a check list of behaviors noted by clinic 

personnel. They reported changes in behavior with treat

ment which were not found in all subjects and which were not 

all improvements in behavior. Some of the behaviors seemed 

to be related to age as well as to treatment. 

With the exception of those reported by Sutherland, 

Umbarger and Berry, the behavioral changes reported were 

described in general terms and may reflect in part an 

effort to illustrate the favorable effects of dietary treat

ment. Many of the behaviors reported are redundant descrip

tions of general behavior rather than attempts to classify 

types of behavior. It is not clear from the literature 

whether there is a behavior typical of PKU children or 

whether the described behaviors are only those typical of 
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retarded children. The reports on behavior have been too 

frequently incidental observations of PKU children. This 

author had found no comparisons between the PKU children 

and non-PKU children of the same age and intelligence. The 

changes in behavior reported may be temporary "placebo 

effects" of dietary treatment or may be long lasting. They 

may be due in part to maturation. The follow-up of these 

children has often been very brief. 

Another aspect of the study of behavior of the PKU 

child is whether or not there are changes when a child is 

taken off the diet. It is believed that the greatest 

damage occurs early in life and that the amount of damage 

gradually decreases as the child grows older. However, the 

age at which dietary treatment can be terminated without 

adverse effects is still unknown. Armstrong, Low and Bosma 

(1957), Homer et al. (1962), and Holt (1963) took children 

off the diet at three and four years of age with no detri

mental effects according to intelligence scores, vandeman 

(1963) cites two patients taken off the diet at approximately 

three years of age. While neither dropped in IQ both were 

so hyperactive and distractible they could not attend reg

ular classes. Centerwall et al. (1961b) recommend treatment 

until the age of three or older and a continuation in a 

modified form into the school years. 
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O'Flynn's policy (1967) is to terminate diet 

(1) when no improvement is seen in a very severely retarded 

child after a period of two years, (2) if the child is 

approaching five years of age and is under unsatisfactory 

control, and (3) if the child is nearly five years old and 

has had a steady IQ during the previous three years and the 

parents agree to diet termination. She terminates the diet 

gradually in order to make reinstatement easier if it should 

become necessary because of adverse behavioral changes. She 

notes that with gradual termination of diet parents have not 

observed behavior problems. 

Gordon (1967), Warner (1967), and Ashley (1966) 

agree in that they do not have a general policy with the 

exception that diet be terminated for those for whom con

trol of phenylalanine level is poor and in those who are 

severely retarded. Ashley stated that he does "not know 

when it is medically safe or morally right" to take the 

children off the diet. Koch (1964) believes PKU patients 

should remain on the diet for life. He says that even 

though there may not be a decrease in the IQ score the 

behavioral aspects could be so detrimental they may inhibit 

learning. 

Individual differences in patients and varying 

degrees of dietary control often make results difficult 

to evaluate. Clinics often are unable to follow up patients 
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who go off the diet because they do not continue going to 

the clinic for help. Sometimes parents whose children 

have not benefited or who have been under poor control 

feel guilty or feel they are failures. At present it seems 

that there is no clinical evidence for or against continua

tion of the diet beyond three to six years of age. The IQ, 

however, is not an adequate instrument to measure the en

tire result of the diet and there seems to be no satisfac

tory way of measuring or evaluating behavioral changes. 

It is obvious that there are desirable aspects of 

terminating dietary treatment as soon as it is safe to do 

so. Dietary treatment can adversely affect the atmosphere 

of the home and a child's opportunities to learn. Wood, 

Friedman, and Steisel (1966) used questionnaires, interviews 

and a food-play situation to study the effects of PKU upon 

the family of the PKU children. In addition to anxiety and 

defensive reactions by the parents of PKU children, Wood's 

data suggest that learning in PKU children on diet is 

severely curtailed by prohibitions against free explorations 

and play, and by restriction of the opportunity to make 

meaningful discriminations. Solomons, Keleske and Opitz 

(1966) also reported that in some cases the unfavorable 

emotional climate produced in the family by attempts at 

rigid imposition of a diet may negate the beneficial results 

expected from such therapy. They reported results from 
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the study of patients who were taken off dietary treatment 

from six to nine years of age. The family atmosphere became 

more relaxed and activities increased. 

The relationship between phenylketonuria and 

psychological correlates of mental retardation and be

havioral disturbances are still not well understood. It 

has been debated whether mental retardation depends upon 

a toxic action upon brain functions or upon an interference 

with brain development. Either could result in a lowered 

IQ score because if functioning is disrupted at an early 

age the child could fail to learn during critical stages 

of development or could fail to learn because of impairment 

to the brain during its fastest developing period. This 

impairment would appear to be irreversible. The behavioral 

aspect, on the other hand, appears to be reversible although 

more difficult to assess. Intelligence and behavior are 

interrelated but the relationship in the PKU child may be 

unique and warrants further investigation. 



STATEMENT OF PROBLEM 

A theory posed by several researchers in the study 

of phenylketonuria is that two factors operating in the 

phenylketonuria child determine the effects of phenyl

ketonuria. One is the irreversible damage to the organism 

that occurs early in life if the child is not given dietary 

treatment, and the other is a reversible component dependent 

upon the presence of high phenylalanine levels in the blood 

affecting changeable behaviors in the child. 

Behaviors dependent upon the presence of high 

phenylalanine levels are suggested in the literature but 

the evidence of their presence is not well documented. 

Behavioral descriptions have come from case studies rather 

than from studies of groups of patients. Changes in be

havior, which are thought to be dependent upon dietary 

manipulations, have also been noted but not systematically 

studied. It seems that behavior attributed to the presence 

of high phenylalanine levels continues to be present at a 

later age than the age where intelligence quotients seem to 

stop decreasing. The behavioral changes that have been 

reported are in behaviors that should affect learning and 

social development, and, therefore, are important factors 

to consider when treating a child. 

19 
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The purpose of this study was to determine whether 

the behaviors reported are specific to PKU children and 

whether they are related to elevated phenylalanine levels. 

A parent questionnaire was developed as a research instru

ment for this purpose. 



METHODS OF STUDY 

Procedure 

A questionnaire was designed to measure the behavior 

of the PKU child with an emphasis upon behaviors that have 

been described as changing with the institution or termina

tion of dietary treatment. This questionnaire was con

structed for the parents of PKU children to use in reporting 

behaviors they observed in the unstructured environment of 

their homes. 

The advantages of the parent questionnaire as a 

research instrument are the opportunity (1) to make observa

tions of the child in his familiar home environment, (2) to 

make observations over a larger segment of time than would 

be possible during a clinic appointment, (3) to collect data 

from a larger number of subjects and in geographic locations 

otherwise unavailable to the experimenter, (4) to provide 

data economically and conveniently, and (5) to reduce bias 

by an interviewer or experimenter trying to prove an hypoth

esis. The disadvantage is that the parents make unsophis

ticated and possibly biased reports. 

A preliminary form of the questionnaire was made by 

selecting types of behavior attributed to dietary manipula

tions of PKU children and selecting test items that describe 

21 
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specific types of behavior. The literature was searched 

for behavioral descriptions. Psychological reports on 33 

PKU patients who had been seen at the University of Colorado 

Medical Center by several psychologists over a ten year 

period were summarized. Every report made some reference to 

behavior but the references to a specific type of behavior 

were not made consistently on every child or on each occa

sion. 

Parents of four children who had been treated but 

were no longer on dietary treatment were asked to write 

descriptions of changes that they remembered when their 

children were taken off dietary treatment. 

Eighteen types of behavior were selected for study 

from the literature, clinical reports, and parental reports. 

A total of 218 statements were used as test items tapping 

the 18 types of behavior. These test items and the types 

of behavior they represented were listed and given for sug

gestions and comments to two psychologists and a psychia

trist who were familiar with PKU children. (See Appendix A.) 

The test items were typed on index cards and given 

to ten parents of six children to be sorted according to 

the frequency of each behavior they had observed in their 

PKU child. They sorted the items according to seven de

grees of frequency ranging from "never" to "always." They 

were also asked for their comments. Two of these children 
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were rated before and after termination of dietary treatment. 

Ratings of the behavior of several PKU children 

who were being examined in the clinic were made by this 

author, a pediatrician, a nurse, and two medical students. 

Ratings of the childrens* behavior made by the 

parents and clinical observers were studied. Suggestions 

and criticisms were considered. A revised form of the 

questionnaire was made. The items for the new questionnaire 

were chosen to include (1) those items where pairs of 

parents tended to show agreement in rating behavior of 

their child, (2) items that seemed to indicate specific 

behaviors among the children, and (3) items that seemed to 

reflect a change in behavior in the two children who were 

rated before and after dietary modifications. Items related 

to age were eliminated as much as possible. In order to 

avoid discouragement from describing their children in 

negative terms and to decrease the halo effect, some of the 

items were stated in positive and some in negative terms. 

Occasionally a cross check was made by using an item more 

than once but phrased in a different way. Vocabulary was 

simplified. Parents were given a specific time, the past 

two weeks, to use as a frame of reference. An attempt was 

made to encourage description of the child without using 

comparisons with other children unless suggested in the 

test item. A total of 95 items were selected. The seven 
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degrees of frequency used to describe the behavior was re

duced for 77 items to five degrees (very frequently; often, 

occasionally, rarely, and never) and for 18 items to three 

ratings (yes, no, and maybe). The latter set of items re

ferred more to descriptive adjectives relating to the child 

than to descriptions of behavioral acts but were felt to be 

important aspects of the child*s functioning. (See Appendix 

B for revised questionnaire.) 

Letters were sent to physicians who were likely to 

be treating PKU patients in clinics and hospitals through

out the United States outlining the purpose and plan of 

study. They were asked to cooperate with this research 

project by sending data obtained from mothers of patients 

they were treating or were following after treatment, 

current dietary status of patients, and the latest available 

intelligence test scores. The mother supplied the actual 

data about the child1s behavior as well as the child's age, 

sex, and dietary history. 

Subjects 

A group of 109 children from ages 3 to 9 with phenyl

ketonuria served as the experimental group. Sixty-five 

children were classified as the on-diet group because they 

were receiving dietary treatment and were maintaining satis-
a-

factory phenylalanine levels according to the treating 

physicians. Although there are individual differences as 
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to the level that is considered satisfactory during treat

ment, most physicians try to have their patients maintain 

average levels between 2 mg.% and 8 to 10 mg.%. Forty-four 

children were classified as the off-diet group. They were 

either not receiving special dietary treatment at the time 

the mother filled out the behavior questionnaires or were 

not maintaining a sufficiently restricted diet to maintain 

phenylalanine levels below 20 mg.%. Many of the off-diet 

group had received dietary treatment at an earlier age, 

but for various and individual reasons were no longer re

ceiving this treatment. 

The phenylketonuria subjects used in this study were 

drawn from eleven clinics and the patients of one private 

physician. (See Appendix C, "Distribution of PKU Subjects.") 

The sample represents those children whose parents chose to 

cooperate in the study. The number of refusals is not 

known but it is known that it varied from one to several 

families per clinic and depended both upon the parents' 

abilities and upon their relationship with the clinic. 

The age range of the off-diet PKU groups was 3-7 

and 9-6 with a mean of 6-11 years, whereas the age range of 

the on-diet PKU group was 3-0 and 8-11 with a mean of 5-2 

years. This difference is significant at the .001 level of 

confidence. The IQ scores of the off-diet PKU group ranged 

from 20 to 98 with a mean of 59.0. By comparison, the IQ 
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scores of the on-diet PKU group ranged from 23 to 114 with 

a mean of 69.3. This difference is significant at the .02 

level of confidence. (See Table 1.) The number of avail

able subjects and the difficulty in obtaining data from them 

made it highly impractical to try to match the two PKU 

groups. Each PKU subject regardless of treatment group was 

matched on a child-to-child basis with two control subjects, 

one for Control Group I and one for Control Group II. 

Control Group I consisted of children from a typical 

middle-class elementary school in Jefferson County, Colorado 

and a nursery school in the same community. The question

naires were sent to the parents by way of children from 3 to 

9 years of age. The names were withheld but the child's age, 

sex and birthdate were given. The parents also gave their 

educational level and occupation. Each parent of each child 

filled out a separate questionnaire but ultimately only the 

mothers' ratings were used. From the group of returned 

questionnaires, 109 were selected by matching age and sex 

with a PKU child. The subjects were matched according to 

sex with no exceptions and age usually within three months. 

(See Appendix D, "PKU-Off Diet and Matched Controls" and 

"PKU-On Diet and Matched Controls.") The children in 

Control Group I were assumed to have normal intelligence. 

They were functioning successfully in regular classrooms. 
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TABLE 1 

PHENYLKETONURIC SUBJECTS 

Experimental 
GrouDS 

AGE SEX INTELLIGENCE Experimental 
GrouDS N Rancre Mean M F N Ranqe Mean 

PKU Off-Diet 

PKU On-Diet 

1 3-7 3-7 

20 3-0,3-11 3-5 

1 0 

12 8 

1 52 52 

16 23-114 68.6 

PKU Off-Diet 

PKU On-Diet 

3 4-1;4-8 4-5 

14 4-0,4-11 4-6 

2 1 

10 4 

3 45-98 67.0 

11 44-100 71.3 

PKU Off-Diet 

PKU On-Diet 

6 5-1,5-11 5-7 

10 5-0,5-11 5-4 

3 3 

3 7 

6 40-95 59.8 

9 30-105 69.3 

PKU Off-Diet 

PKU On-Diet 

14 6-1,6-11 6-6 

9 6-0,6-10 6-5 

7 7 

6 3 

14 30-82 51.7 

8 63-96 81.4 

PKU Off-Diet 

PKU On-Diet 

5 7-6,7-10 7-8 

3 7-0,7-8 7-3 

2 3 

1 2 

5 20-85 50.2 

3 35-86 55.7 

PKU Off-Diet 

PKU On-Diet 

11 8-0,8-11 8-5 

9 8-0,8-11 8-5 

7 4 

7 2 

10 33-90 63.3 

9 41-93 61.9 

PKU Off-Diet 

PKU On-Diet 

4 9-3,9-6 9-5 

0 

2 2 

0 0 

4 54-95 79.8 

0 

Total Off-Diet 44 6-11 24 20 43 59.0 
Total On-Diet 65 5-2 39 26 56 69.3 
Total PKU 109 5-11 63 46 99 65.8 
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The IQ scores were not available because these children 

had not been tested. 

Control Group II was also matched child for child 

with each PKU child. The subjects were matched according 

to sex in all cases, according to age (usually within six 

months), and according to scores on individual IQ tests. 

Most matches were within five points and rarely did they 

exceed ten IQ points. (See Appendix D.) Some of these 

children were also from Jefferson County Schools located 

through the Special Education Department. Other subjects 

came from Children's Hospital in Denver, Colorado? John F. 

Kennedy Child Developmental Center in Denver, Colorado? 

Premature Birth and Newborn Center at the University of 

Colorado Medical Center, Denver, Colorado? Mental Retarda

tion Clinic in Cheyenne, Wyoming? and Children's Hospital 

in Los Angeles, California. Some siblings of the PKU 

children from the University of Colorado Medical Center, 

Denver, Colorado were also included. In all cases, children 

with known physical handicaps or severe emotional problems 

were not included. The names of the children were withheld 

but the age, sex, birthdate, parents' education and occupa

tion were identified. The IQ scores were supplied by the 

referring agency and commonly were not identified by test. 

Control Group II consisted of 99 subjects because the IQ 

scores were available from only 99 of the 109 PKU subjects. 
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Those who were matched with the PKU off-diet group had a 

mean IQ score of 59.8 compared to the PKU off-diet subjects' 

mean of 59.0. Those who were matched with the PKU on-diet 

group had a mean IQ of 68.9 compared to the PKU on-diet 

group mean of 69.3. The total PKU population's mean IQ is 

65.8 and the total Control Group II mean IQ is 65.0. The 

difference between the PKU groups and Control Group II 

mean IQ scores is not statistically significant. 

Data Processing 

Each child's behavior was rated by the parents 

according to instructions on the questionnaire. Both the 

father and mother were asked to fill out questionnaires 

independently of each other so that a comparison of their 

ratings could be made. 

One section of the questionnaire was rated by 

checking the words "Yes," "No," or "Maybe." The latter 

term was frequently interpreted as "Sometimes." These 

were scored numerically by giving a value of 3 for the 

"Yes" answer, a 2 for the "Maybe," and a 1 for the "No." 

The parents used numbers from 1 to 5 to indicate the 

frequency of occurrence of behavior on all the other 

questionnaire items. Some items were phrased so that a 

high number suggested a high frequency of a negative 

quality and some a high frequency of a positive quality. 
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The scores were later transposed so that all high numerical 

values indicated positive qualities in behavior and con-

versely the low numerical values indicated a negative 

rating. The data were scored and punched on IBM cards for 

processing on a Burroughs 500 computer at the University 

of Denver Computing Center. 

The information punched on the cards included the 

rater (mother or father), a numerical score for each 

questionnaire item; the child's age in months, sex, IQ, 

and classification (PKU On-Diet, PKU Off-Diet, Control Group 

I or Control Group II), mother's education and amount of 

employment outside of the home (full-time, part-time or 

housewife only). Occupation of the mother was not used 

because the majority of them listed themselves only as 

"housewife." 



RESULTS 

Product moment correlations were first computed to 

determine which of the 95 items discriminated between the 

various groups and subgroups employed. Second; inter-

correlations were computed for the items using only PKU 

subjects and a factor analysis was computed. The various 

groups and subgroups were then compared to determine which 

factors discriminate between the various groups. 

Item Analysis 

The data were analyzed by product moment correlations 

to identify items that revealed differences between the PKU 

on-diet subjects and the control groups, PKU off-diet sub

jects and the control groups't total PKU subjects and the 

control groups, and PKU on-diet and PKU off-diet subjects. 

Only the mothers' ratings were used. The number of sub

jects varied from comparison to comparison. (See Table 2.) 

The results of comparing groups on each item are to 

be found on Table 3. They show that: 

(1) When PKU on-diet subjects were compared to 

matched subjects from Control Group I, significant dif

ferences were found between the groups on 46 items (Appendix 

E). Eighteen items were significant at the .001 level; 

8 items at the .01 level, 9 at the .02 level, and 11 at 

31 
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TABLE 2 

NUMBER OF SUBJECTS IN EACH 
ITEM ANALYSIS COMPARISON 

PKU On-Diet PKU Off-Diet All PKU 

Control 
Group I 130 88 218 

Control 
Group II 112 86 208 

PKU On-Diet 109 
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TABLE 3 

NUMBER OF ITEMS YIELDING 
SIGNIFICANT DIFFERENCES BETWEEN GROUPS* 

PKU On-Diet PKU Off-Diet All PKU 

Control Group I 

,001 level 18 25 34 

•01 level 8 12 16 

•02 level 9 7 7 

•05 level 11 9 7 

Total 46 53 64 

Control Group II 

.001 level 1 0 4 

•01 level 7 7 10 

.02 level 6 3 7 

.05 level 5 0 6 

Total 19 10 27 

PKU On-Diet 

.001 level 1 

.01 level 6 

.02 level 3 

.05 level 10 

Total 20 

•Particular items represented are to be found in 
Appendices E through K. 
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the .05 level. The items revealing the greatest signifi

cance were those regarding attention span. The PKU subjects 

had a shorter attention span than did their matched subjects 

in Control Group I who were of the same age and sex. 

(2) When PKU on-diet subjects were compared to 

matched pairs from Control Group II 19 items yielded 

significant differences (Appendix F). One item was sig-

niticant at the .001 level, 7 items at the .01 level, 6 

items at the .02 level, and 5 items at the .05 level. 

(3) When PKU off-diet subjects were compared to 

matched subjects from Control Group I (Appendix G), dif

ferences were indicated on 53 items. Of these items, 25 

were significant at the .001 level, 12 at the .01 level, 

7 at the .02 level, and 9 at the .05 level. The most im

portant differences were on items regarding attention span, 

mental retardation, immaturity, and hyperactivity. The 

ratings indicated higher frequency of less desirable qual

ities in the PKU off-diet subjects than in the control 

subjects. 

(4) Differences between the PKU off-diet subjects 

and the subjects matched according to age; sex and IQ scores 

(Control Group II) were indicated by only 10 items (Appendix 

H). Seven items were significant at the .01 level, and 3 

were significant at the .02 level. 
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(5) Significant differences were found on 64 

of the 95 items when the total PKU group was compared 

with the total Control Group I (Appendix I). On all items 

the PKU subjects received the less desirable rating* There 

were significant differences on 34 items at the .001 level, 

16 at the .01 level, 7 at the .02 level, and 7 at the .05 

level. There were more items indicating differences when 

the combined PKU group was compared with the total Control 

Group I than when the off-diet and on-diet PKU subjects 

were separated for analysis. The coefficients tended to 

be smaller than when correlated with PKU off-diet alone but 

significance was greater when the larger N was used. 

(6) When the total PKU group was compared with 

the total Control Group II, 27 items were found which 

differed significantly between the groups (Appendix J). 

Of these items, 4 were significant at the .001 level, 

10 at the .01 level, 7 at the .02 level, and 6 at the .05 

level. In this comparison the PKU subjects received the 

more favorable rating on all items. 

(7) Twenty items indicated differences between 

the PKU off-diet subjects and PKU on-diet subjects (Appendix 

K). These subjects were not matched with each other on 

any basis and the PKU off-diet subjects were more retarded 

and older than the PKU on-diet subjects. The only item 

that was significant at the .001 level was "Mentally 
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retarded." The other items yielding significant differences 

tended to describe withdrawal in general and to suggest 

immaturity, timidity, nervousness, and hyperactivity. 

Factor Analysis 

A factor analysis was made to describe types of 

behavioral traits common to PKU subjects. Computer pro

gram "PRNCX4" was used for this analysis (Horn et al. 1967). 

This is a principle axis program adapted from a procedure 

and program described by Horst (1965) as the successive 

solution. The solution begins with an arbitrary vector, 

successively solves for the solution vector, and calculates 

and retains the residual matrix. The problem of the number 

of factors was solved according to the root-one rationale 

(Horn 1965). Ten principle axis factors had roots larger 

than unity. However, the residual following the ninth 

factor was so small it was decided to use 9 factors in the 

rotation. The factors were rotated in accordance with the 

Varimax procedure (Kaiser 1959). The resulting rotated 

factors were interpreted and named "Withdrawal," "Hyper

activity, " "Attention Span," "Timidity," "Smotionality," 

"Lethargy," "Responsiveness," "Frustration Tolerance," and 

"Sleep Problem." Eighty-five of the 95 questionnaire items 

had noteworthy relationships with these factors (Appendix L). 

Lists of the salient items for each factor, together with 
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factor loadings, are to be found in Tables 4 through 12. 

Factor scores in the succeeding analysis were obtained by 

adding together item scores for the items which were salient 

for each particular factor. 

Factorial Comparisons Between PKU Groups 

The PKU off-diet subjects were compared to PKU on-

diet subjects on each of the nine factors using correlation 

procedures. (See Table 13.) The PKU off-diet subjects were 

more withdrawn; more hyperactive, had shorter attention spans 

and were more lethargic than the PKU on-diet subjects. They 

also showed a tendency toward more timidity and poorer con

trol of emotions. 

The table also shows that subjects of different ages, 

sex, and intelligence scores attained different scores on 

the factors. Male subjects were more hyperactive and had 

less frustration tolerance than female subjects. The sub

jects with low IQ scores were more withdrawn, more hyper

active, had shorter attention spans, poorer control of 

emotions, more lethargy, and less frustration tolerance 

than those with higher IQ scores. The older subjects were 

also described as more hyperactive than the younger subjects. 

The differences between the PKU groups cannot be 

attributed solely to dietary conditions because the PKU 
r- •.. - y 

groups differed from each other in age and IQ as well as 
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TABLE 4 
FACTOR I — WITHDRAWAL 

Identifier Loading Statement 
22 .61 Would rather play alone than with 

other children. 

89 .67 Chooses to play alone, shows no in
terest in joining other children, 
seems not to care what they are doing. 

30 .61 Seems to have things on his mind that 
he does not share. 

25 .60 Seems to be preoccupied. 

31 .60 Prefers quiet activities which he 
does alone. 

2 .59 (Not) affectionate. 

17 .58 (Not) friendly. 

41 .54 (Does not) try to be friendly with 
others. 

43 .52 Takes on strange expressions, posture 
or movements. 

44 .52 Shows inappropriate feeling or lack 
of feeling. 

24 .51 Would rather watch others than join 
into a group. 

18 .50 (Not) happy. 

36 .49 Ignores the activities around him. 

54 .49 Is irritable and grouchy. 

40 .45 Gets angry or annoyed easily. 

76 .44 Gets upset by any little thing. 

45 .42 Appears confused or puzzled. 

47 .42 Giggles or smiles to himself without 
apparent reason. 

51 .41 Resists suggestions or requests. 
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FACTOR II — HYPERACTIVITY 

Identifier Loading Statement 

13 .73 Too active. 

6 .71 (Not) relaxed. 

3 .66 Restless. 

4 .59 Hyperactive. 

11 .54 (Not) easy to raise. 

14 .54 Impatient. 

78 .54 Gets frustrated easily. 

42 .52 Becomes easily upset if something 
doesn't suit him. 

5 .50 Nervous. 

37 .46 Is impatient. 

91 .43 Objects to being told to do something, 
refuses, shows resentment, frequently 
has temper tantrums. 
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FACTOR III — ATTENTION SPAN 

Identifier Loading Statement , 

74 .79 Seems to have a short attention span, 

75 .78 Is interested in things for only a 
very short time. 

73 .75 Seems to lose interest in toys or 
games more rapidly than his playmates 
do. 

15 .71 Mentally retarded. 

63 .68 Does not finish tasks which are 
simple for his age. 

80 .62 His concentration on a task is 
easily interrupted. 

10 .61 Immature. 

46 .61 Seems to tire of games and activities 
easily. 

93 .61 Interest dwindles readily, flits 
from task to task, easily distracted. 

35 .56 (Does not) keep at a task until 
finished. 

70 .55 Suddenly stops what he is doing for 
no apparent reason. 

12 .54 Different from other children. 

67 .46 Does not recognize his mistakes. 
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TABLE 7 

FACTOR IV — TIMIDITY 

Identifier Loading Statement 

28 .70 Seems unusually timid in new 
situations. 

21 .68 Seems more fearful than other children 
his age. 

72 .62 Seems cautious—too cautious. 

71 .59 Seems careful—too careful. 

57 .58 Is easily frightened by a new 
situation. 

92 .54 Afraid of social contacts, very shy, 
tries to avoid being with other 
people. 

94 .53 Play and work are of a mild, slow, 
placid type. Seems to work at a 
low energy level. Seems to lack 
strength. 

62 .48 Refuses to do new things at first. 

88 .41 Very quiet, chooses sitting games 
such as blocks, puzzles, books and 
TV. 
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TABLE 8 

FACTOR V — EMOTIONALITY 

Identifier Loading statement 

82 .62 (Does not) like school—if he is in 
school. 

61 .58 Can (not) easily stop one task and 
begin another one. 

7 .58 Whiney. 

33 .46 Acts as though he feels miserable. 

79 .45 Gets so mad he bursts into tears. 

34 .43 Is fretful, fussy or whiney. 

38 .41 Has temper tantrums. 

16 .40 Stubborn. 

TABLE 9 

FACTOR VI — LETHARGY 

Identifier Loadinqr Statement 

48 .67 Is slow moving and sluggish. 

8 .64 Slow in his movements. 

81 .52 (Does not) want to learn to read. 

59 .51 (Does not) refuse new foods. 

20 .50 Gets tired more quickly than other 
children his age. 

29 .43 Seems tired. 

39 .43 Sits unless directed into an activity, 
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TABLE 10 

FACTOR VII — RESPONSIVENESS 

Identifier Loading Statement 

50 .63 Can follow simple directions. 

32 .62 Keeps at a task until finished. 

9 .61 Alert. 

49 .60 Pays attention when spoken to. 

86 .57 Is proud of his achievements. 

83 .56 Seems ready for school—if he is in 
school. 

26 .56 Seems quick to notice new things. 

56 .54 Is alert and attentive. 

52 .50 Shows curiosity and interest in 
activities around him. 

85 .47 Is eager to do things for himself. 

68 .45 Learns things quickly through 
imitation of others. 

53 .45 Answers when spoken to. 

95 .45 Is strongly stimulated by competition, 
it increases his effort, makes him 
try harder. 

84 .42 Likes to color, draw, look at picture^ 
listen to stories, etc., —if he is 
old enough to do these things. 
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TABLE 11 

FACTOR VIII — FRUSTRATION TOLERANCE 

Identifier Loading Statement 

65 .44 Refuses to try again when he has 
met failures. 

64 .37 Avoids difficult tasks. 

TABLE 12 

FACTOR IX — SLEEP PROBLEMS 

Identifier Loading Statement 

19 .59 Has difficulty sleeping at night. 

58 .56 Is tired but does not sleep well. 
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TABLE 13 

CORRELATION COEFFICIENTS OF DIET, 
SEX, INTELLIGENCE QUOTIENT AND AGE 

WITH SCORES ON EACH OF THE NINE FACTORS+ 

Factors Diet Sex IQ Age 

I Withdrawal .20* .12 .38**** .16 

II Hyperactivity .21* .23** .28*** .25** 

III Attention Span .23** -.02 .66**** .11 

IV Timidity .17 .02 .02 .10 

V Emotionality .11 .17 .20* .06 

VI Lethargy .28*** .13 .24** .18 

VII Respons ivenes s .03 .14 .45**** -»11 

VIII Frustration Tolerance .05 .21* .34**** .00 

IX Sleep Problem .00 -.14 -.13 .13 

+Positive correlation values result when off-diet, male, 
low IQ, and older age siibjects attain the higher scores. 

* Significant at the .05 level. 
** Significant at the .02 level. 
*** Significant at the .01 level. 
**** significant at the .001 level. 
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dietary status. A one-way analysis of covariance was used 

to statistically control the effects of sex, age and IQ 

in the factors where differences approached the .05 level. 

(See Table 14.) 

When the effects of age or of intelligence are 

statistically removed, only one factor, "Lethargy," re

mains that indicates a difference between the two PKU 

groups. Since the removal of each of these factors yields 

an F value that is considerably above the .05 level and 

since the correlation between age and lethargy was really 

not significant at the .05 level but computation was done 

only because the correlation approached that value, an F 

value was not computed for the effects of the combined 

covariant, IQ and. age. 

Comparison Between PKU Subjects and the Matched Control 
Subjects 

To determine whether the PKU subjects were unique 

or were not different from other children of the same sex 

and age, a comparison of means was made between the PKU 

subjects and the control groups on each factor. For Con

trol Group I the "t's" indicate a significant difference 

at the .01 level or greater on all factors except "Timidity" 

and "Sleep Problem." (See Table 15.) There was a signifi

cant difference between the means at the .10 level on "Timid

ity" but no significant difference on "Sleep Problem." 



TABLE 14 

ONE-WAY ANALYSIS OF COVARIANCE RESULTS 

Dependent Variable Covariant D/F F Significance 

Factor I 
Withdrawal 

Age 
IQ 

1/96 
1/96 

2.01 
1.34 

Factor II 
Hyperactivi ty 

Age 
IQ 
Sex 

1/96 
1/96 
1/96 

1.20 
2.28 
4.96 .05 level 

Factor III 
Attention Span 

IQ 1/96 1.03 

Factor VI 
Lethargy 

Age 
IQ 

1/96 
1/96 

5.06 
5.62 

.05 

.05 
level 
level 
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TABLE 15 

DIFFERENCES BETWEEN MEAN SCORES OF PKU SUBJECTS, 
CONTROL GROUP I SUBJECTS AND CONTROL GROUP II SUBJECTS 

#tM Scores 
Mean Scores Between PKU Subj. & 

PKU Group Group Group Group 
I II I II 

I Withdrawal 68.91 73.35 65.97 3.39*** 1.73 

II Hyperactivi ty 25.68 30.44 24.96 5.29*** .72 

III Attention Span 36.29 47.36 33.73 10.25*** 1.88 

IV Timidity 34.94 36.24 31.50 1.83 4.47*** 

V Emotionality 26.99 29.20 26.92 3.81*** .11 

VI Lethargy 25.96 27.58 24.22 4.05*** 3.28*** 

VII Responsiveness 57.98 62.48 55.45 4.69*** 2.10* 

VIII Frustration 
Tolerance 

6.52 7.36 5.73 3.50*** 2.63*** 

IX Sleep Problem 8.51 8.48 7.90 .14 2.54** 

* Significant at the .05 level. 
** Significant at the .02 level. 
*** Significant at the .01 level. 
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The PKU children as a group were less intelligent 

than those of Control Group I but were matched with Control 

Group II on the basis of IQ scores as well as age and sex. 

A comparison between means of the PKU subjects and Control 

Group II subjects revealed significant differences at the 

.01 level on "Timidity," "Lethargy," and "Frustration 

Tolerance"? at the .02 level on "Sleep Problem"; at the 

.05 level on "Responsiveness"? and at the .10 level on 

"Withdrawal" and"Attention Span." No differences signifi

cant even at the .10 level were found on "Hyperactivity" 

and "Emotionality." In all cases the PKU subjects were 

rated more favorably than the Control Group II subjects. 



DISCUSSION AND CONCLUSIONS 

The large majority of the items utilized in the 

questionnaire differentiated among the groups employed. 

A larger number of the items discriminated between PKU 

subjects and the Control Group I (normal ability) children 

than between the PKU subjects and the Control Group II 

(basically below average) children. In general, responses 

to the differentiating items suggest better adjustment of 

the Control Group I children than the PKU subjects, and 

better adjustment of the PKU subjects than the Control 

Group II children. 

Eighty-five of the 95 questionnaire items fell into 

the nine factors computed. The nine factors are "Withdrawal," 

"Hyperactivity," "Attention Span," "Timidity," "Emotion

ality," "Lethargy," "Responsiveness," "Frustration Toler

ance," and "Sleep Problem." Using the factors, the PKU 

children were again viewed less favorably by their mothers 

than the normal children were viewed by their mothers and 

the PKU children were viewed consistently more favorably 

by their mothers than were the Control Group II children. 

The Control Group II children were described as more timid, 

more lethargic, showing less frustration tolerance, having 

more sleep problems, being less responsive, and possibly 
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withdrawing more and showing shorter attention spans than 

the PKU subjects. 

It would appear then that in behavior the PKU 

child does not show the undesirable traits found in retard

ation to the degree that they are shown by the typical 

retardate. However, the differences in rating may be due 

to artifacts rather than reflecting true differences. The 

possible explanations are* (1) true differences in the 

behavior of PKU children and other children with the same 

intelligence quotients stemming from the nature of PKU ? 

(2) true differences due to variations in training method 

and attention shown the child? (3) uncontrolled differences 

between the two samples? and (4) defensiveness on the part 

of the mothers of the PKU child. 

The recommended treatment of PKU children by diet 

gives them additional attention which could exert either 

favorable or unfavorable effects. If the treatment is 

simply viewed as attention, desirable effects may occur. 

If it is viewed as restriction, undesirable effects are to 

be expected. In one sense the PKU child may be better 

accepted by his mother than the non-PKU child of the same 

intelligence because of the hope that treatment procedures 

engender in the mother. 

The PKU and Control II groups were not equated for 

socio-economic status. However, the correlation matrix 
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failed to show any differences between the groups in 

education of the mothers and in the number of mothers 

gainfully employed outside of the home. 

There is undoubtedly some naivite and lack of 

objectivity in the rating of all children by their mothers, 

and there may be an additional distortion in the ratings 

by mothers of PKU children that is fostered by attitudes 

toward the treatment of the disease. These parents have 

in most cases been informed that treatment is going to help 

their children to either be normal or be less impaired than 

they would be without the treatment. This could create a 

halo effect leading to the belief that the children are 

indeed normal or less defective than other impaired but 

non-PKU children. This concept is supported by parents' 

comments that they are thankful there is treatment avail

able for their child, that he has been helped very much, 

and a denial of mental retardation in some cases where the 

IQ scores indicate mental retardation. In cases where the 

diet was terminated because the parent failed to manage 

the diet successfully, the parent may deny that the lack 

of diet has affected his child adversely and that adverse 

behavioral effects exist. 

There is also the added aspect that the parents of 

PKU children often believe that the extent of their child's 

mental retardation and behavioral disturbance is a direct 
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reflection of the care and feeding of the child. They may 

feel that amy retardation is a sign of their failure. The 

PKU parents may find a need to prove to themselves or others 

that they are successful in treating their child. This may 

lead to more favorable ratings than made by parents who do 

not feel such a direct responsibility for their child's 

mental state. 

The behaviors that are dependent upon the presence 

of high phenylalanine were studied by comparing PKU children 

off the diet, who would have high phenylalanine levels, with 

the children on the diet, whose phenylalanine levels would 

be controlled and maintained at a low level. The only be

havior revealed in this study that appears to be related to 

phenylalanine levels is lethargy. The lethargic behavior 

of the off-diet subjects appears independent of the mental 

retardation, and supports the two factor theory of types of 

effects from phenylalanine, namely, the irreversible mental 

retardation and the reversible factor related to the presence 

or absence of high phenylalanine levels. Other behaviors 

are reported in the literature to change with manipulation 

of phenylalanine levels through dietary treatment. However, 

the changes in those behaviors may be due to changes in 

other conditions that are also an aspect of treatment or 

they may be a function of the mental retardation that is 

dependent to a degree upon the dietary treatment. 
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The relation between phenylalanine level and lethargy 

is supported by recently obtained ratings from mothers of 

two PKU children very shortly before and shortly after 

removal from the diet. Figures 1 and 2 show the rating 

shifts that occurred. The -rating of the first of the two 

children on "Lethargy" was one standard deviation above 

the mean before removal of the diet and in 18 days fell to 

one and one-half standard deviations below the mean while 

the phenylalanine level rose from 3.8 mg.% to 45 mg.%. The 

other child was rated two standard deviations above the 

mean before removal of the diet and fell to one standard 

deviation below the mean in only two days while the phenyl

alanine level rose from 4.1 mg.% to 33.5 mg.%. Both subjects 

"became more lethargic when the diet was discontinued and the 

phenylalanine level rose. Further analysis of this type 

are needed but these results are certainly suggestive and 

are great enough to leave relatively little doubt about the 

direct connection between lethargy and phenylalanine levels. 

Hyperactivity and attention span appear to be re

lated to the irreversible effects of the phenylalanine be

cause they are not reduced in the mentally retarded subject 

on the diet in comparison to the mentally retarded subject 

off the diet. Hyperactivity and short attention span are 

often symptoms of neurological impairment and should there

fore be irreversible in nature. 
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FIGURE 1 

CUMULATIVE BEHAVIOR RECORD, SUBJECT 1 
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------ off diet, phenylalanine level 45 mg.% 
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FIGURE 2 

CUMULATIVE BEHAVIOR RECORD, SUBJECT 2 
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57 

Withdrawal, poor control of emotions, low respon

siveness and low frustration tolerance are found in mentally 

retarded subjects and subjects with emotional disturbances 

who may function as mentally retarded. These behaviors do 

not seem to be reduced by the lowering of phenylalanine 

levels but appear to be related to something other than the 

presence of high phenylalanine levels. 

The questionnaire seems to provide an important 

beginning for the study of behavioral aspects related to 

PKU and a method for measuring changes due to dietary 

manipulation. Its value will be proven through use in 

longitudinal studies of PKU children while dietary changes 

are made. 

It is very important that treated and untreated 

PKU subjects be studied and compared at this time because 

it is a study that will be increasingly difficult to make. 

PKU children are being identified earlier and often treated 

from birth. It is conceivable that the untreated PKU 

child or young child with high phenylalanine levels will be 

unavailable for study in the near future. Without data 

from the untreated child and with the inconclusive know

ledge of the complex disease that exists at the present 

time, it will be very difficult to evaluate the effects of 

treatment in the future. 



SUMMARY 

This study was made to determine whether reported 

behaviors of phenylketonuria (PKU) children are specific 

and whether the specific behavior patterns found are 

dependent upon the presence of high phenylalanine levels 

or are the results of irreversible impairment. This 

demanded the construction of a questionnaire for the 

measurement of behavior which can be used in the future as 

well as for the study. 

Mothers of 109 PKU children between the ages of 

three and nine years rated their children's behavior by 

filling out the questionnaire. Sixty-five of the children 

rated had low phenylalanine levels determined by dietary 

treatment and 44 had high phenylalanine levels and were not 

receiving dietary treatment. Each PKU subject was matched 

with a subject with normal intelligence of the same age 

and sex and with a subject of the same age, sex and in

telligence score. The parents of the matched subjects also 

used the questionnaire to rate the behavior of their children. 

For analysis, the PKU subjects were divided into 

two groups, off-diet and on-diet, and were treated as a 

combined PKU group. The subjects matched with PKU subjects 

on age and sex and who had normal intelligence were Control 
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Group I and those matched with PKU subjects on age# sex and 

IQ scores were Control Group II. The groups and subgroups 

of subjects were compared on each questionnaire item to 

determine which items reflected differences in behavior. 

The majority of the items discriminated in at least one 

comparison. 

A factor analysis of the ratings by PKU mothers 

revealed nine factors of behavior: namely, "Withdrawal," 

"Hyperactivity," "Attention Span," "Timidity," "Emotion

ality," "Lethargy," "Responsiveness," "Frustration Toler

ance," and "Sleep Problem." There were, at the .01 level 

of significance, seven factors that differentiated the PKU 

subjects from Control Group I, and at the .05 level, five 

factors that differentiated the PKU subjects from Control 

Group II. The PKU children were rated less favorably than 

the children with normal intelligence and more favorably 

than those of Control Group II. 

A comparison of the PKU subjects on the diet with 

those off the diet revealed differences in four factorsj 

"Withdrawal," "Attention Span," "Hyperactivity" and 

"Lethargy." However, only "Lethargy" was significantly 

more frequently reported among the subjects off the diet 

when the effects of age and intelligence were statistically 

removed. It appears then to be the only reversible behavior 

pattern observed in the phenylketonuria child. 
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Research of a longitudinal nature as children are 

moved on and off diets is needed to gain further understand

ing of the disease. The questionnaire appears to be a use

ful instrument for such analyses. 



APPENDIX A 

PRELIMINARY BEHAVIOR QUESTIONNAIRE 

INSTRUCTIONS TO PARENTS 

On each of these cards is a statement about how 
a child behaves. Your child may behave like the statement 
sometimes, always or never. Sort each card into the pile 
that best describes how much of the time your child behaves 
like the behavior on the card. There are seven categories 
for you to choose betweeni NEVER, VERY SELDOM, SELDOM, 
SOMETIMES, FREQUENTLY, VERY FREQUENTLY, and ALWAYS. Choose 
the one which best describes your child, as you have seen 
him act very recently—today or the past few days if pos
sible. The purpose of these questions is to describe your 
child as he is typically at the present time. 

FEARFULNESS 
Is afraid of dogs 
Wakes up crying 
Is afraid of the dark 
Is afraid of dying 
Hides his head when strangers are around 
Refuses to go into a room if no one is in it 
Is timid 
Will talk to strangers 
Is afraid of the doctor 
Afraid to let mother out of his sight 
Is afraid of loud noises 
Is afraid of loud boisterous actions on TV 

SLEEP 
Is good about being put to bed 
Sleeps as much as most children 
Wets the bed 
Is a good sleeper 
Takes a nap 
Has nightmares 
Seems to get enough sleep 
Resists going to sleep 
Sleeps restlessly 
Wakes up during the night 
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INTEREST IN SURROUNDINGS 
Makes sounds or names objects of interest 
Asks questions 
Looks at pictures with interest 
Interested in TV 
Watches mother around the house 
Notices cars drive by 
Notices people entering the room 
Shows curiosity 
Notices changes in surroundings 
Recognizes frequent visitors 
Interested in how things work 
Interested in other children 
Enjoys pets 

WITHDRAWAL 
Prefers to be left alone 
Plays with other children 
Picks at food and eats little 
Prefers to play quietly alone 
Likes to go visiting 
Uses little energy 
Seems to be doing nothing 
Seems to do things which he keeps to himself 
Seems preoccupied 
Laughs and smiles 

ALERTNESS 
Quick to notice things 
Eyes seem bright 
Seems dazed 
Facial expression is dull 
Sees things many others fail to notice 
Seems lethargic 
Seems depressed 

IRRITABILITY 
Acts as though he feels miserable 
Is fretful 
Seems unhappy 
Cries for no real reason 
Has screaming attacks although he is not in pain 
Irritable v/hen handled or disturbed 
Seems nervous 
Seems relaxed 
Seems tense 
Good natured 
Seems happy 
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ATTENTION SPAN 
Keeps at a task until finished 
Listens to stories read to him 
Plays with things for only a very short time before 

leaving it 
Is easily interrupted 
Does not finish simple tasks 
Rapidly flits from one object of interest to another 

MANAGEABILITY 
Pays attention to what he is told 
"Minds" his parents 
Remembers what you tell him 
An easy child to raise 
Is pretty reasonable if you esqplain things to him 
Will take suggestions 
Can depend on him 
Acts silly 
Takes turns 
Even-tempered 
Good-natured 
Has to have things his own way 
Seeks a lot of attention 
Can accept correction 
Insists on having something even when it* s all gone 
Hard to manage 
Has to be watched every minute 

IMPULSIVITY 
Does things quickly without thinking of the conse

quences 
Acts as though he has no control over his actions 
Suddenly hits or throws for no apparent reason 
Interrupts others 
Is impatient 
Seems as though he cannot wait 
When drawing, he speeds up and looks as though he 

can hardly stop 

FLEXIBILITY 
Has to have the same routine every night at bed time 
Refuses to do new things 
Gets upset if things are changed 
Refuses new foods 
Wants the same routine every day 
Is upset when plans are changed 
Will accept new rules to a game 
Can easily stop one task and begin another one 



SELF CARE 
Dresses himself 
Undresses himself 
Washes his hands when told to do so 
Feeds himself 
Plays outside safely without being watched 
Goes to toilet alone 
Gets food or drink alone 
Entertains himself appropriately with toys 
Likes to be fed 
Wants to be carried 
Runs errands 

SOCIABILITY—NON-VERBAL 
Wants to do opposite of what he is asked 
Is stubborn 
Is contrary 
Is sulky 
Likes attention 
Takes turns 
Shares toys 
Likes to have other children around 
Is apathetic 
Recognizes his mother 
Smiles when smiled to 
Smiles to get attention 
Recognizes father 
Will hug and kiss when given affection 
Appears uninterested in persons around him 
Imitates actions of persons around him 
Is liked by playmates 

SOCIABILITY—VERBAL 
Says "noM to whatever you suggest 
Pays no attention to what he is told 
Acts as if he doesn't hear you 
Likes to be read to 
Likes to be sung to 
Talks in meaningful sentences 
Tries to talk, if not yet able to talk 
Makes noises instead of trying to speak 
Likes to sing 
Talks to himself when alone but not to people 
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ACTIVITY—HYPERACTIVITY 
Moves with fast, jerky movements 
Talks so fast it is hard to understand 
Is very noisy 
Moves so fast he stumbles over his own feet 
Talks loudly 
Seems constantly in motion 
Knocks into things 
Bursts in the door 
Restless 
Rushes around 
Wiggles 
Plays hard 
Is rough 
Runs instead of walks 
Suddenly stops what he is doing for no apparent reason 
Runs around without apparent reason 
Moves around without really going anyplace 

ACTIVITY—INACTIVITY, PLACID 
Sits quietly 
Seems listless 
Moves slowly 
Seems tired 
Seems quiet 
Seems to have no energy 
Seems careful—too careful 
Seems cautious—too cautious 
"Almost too good" 
Prefers quiet games 
Seems lazy 
Waits for others to do things for him 

EMOTIONALITY 
Too sensitive 
Whines 
Gets upset by any little thing 
Cannot accept correction without crying 
Cannot be scolded without crying 
Gives up if can*t do something right away 
Cries easily 
Hides feelings 
Gets terribly excited 
Cries so hard he cannot stop 
Gets frustrated easily 
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AGGRESSION—ACTIVE 
Gets mad easily 
Hits other children 
Hits parents 
Has bad temper 
Throws things when angry 
Breaks things when angry 
Pinches 
Acts mean 
Bites when angry 
Screams if he can't get his way 
Bangs head on wall or floor 
Gets so mad he bursts into tears 
Pulls his hair when angry 
Throws self on floor when angry 
Easily becomes angry 
Has temper tantrums 

AGGRESSION—PASSIVE 
Is stubborn 
Is contrary 
Refuses to cooperate when angry 
Ignores others when angry 

PSYCHOTIC MANNERISMS 
Walks stiffly like he is a mechanical person 
Seems to stagger about aimlessly 
Deliberately hurts self 
Rocks back and forth on hands and knees 
Bites toys or furniture (not teething) 
Fascinated by objects for long periods of time when 

they spin or roll 
Rocks himself at times other than bed time 
Seems to be in a world of his own 
Waves his hands in front of his face for long periods 

of time 
Follows a ritual while doing a regular task but 

includes unnecessary movements 
Flicks his fingers before his eyes when playing alone 
Plays with his own body parts 
Seems unresponsive to pain 
Uses toys inappropriate for his age—in a manner of a 

much younger child 
Seems not to notice noises 
Seems not to notice things shown to him 
Is unaffectionate 
Is unresponsive to affection given by parents 
Does sneaky things 



APPENDIX B 

PARENT QUESTIONNAIRE 

Dear Parent, 

This is a questionnaire that is being devised to yield 
information about the behavior of PKU children, both cur
rently on and off dietary treatment. We know the effects 
of the diet are not the same for all children and more 
information is needed. We feel that you, as parents, are 
the ones most familiar with your child*s day to day be
havior. We are, therefore, asking the parents in clinics 
throughout the United States for their evaluations of their 
children's behavior. Your answers to these questions will 
aid medical doctors, psychologists, and educators who are 
doing research on PKU and who are now treating children 
like yours and other PKU children in the future. We appre
ciate your contribution to this study and hope you may 
receive some satisfaction from it also. 

Sincerely, 

Connie Olson, M.A. 

PLEASE COMPLETE THE FOLLOWING* Date* 

This questionnaire completed by* Father Mother (Circle one) 
Education of parent* Occupation* 
Child's name* 

Last First Middle Initial 
Child's birthdate* Present age* 
Age when phenylketonuria was diagnosed* 
Diagnosis made by*_ Latest known IQ scores 
Treatment * 
Present phenylalanine levels(if known) 
Is child currently on dietary treatment? 
Has child ever been on dietary treatment? 
If so, when was it started? When was it ended? 
Reason for terminating dietary treatment* 

Are you satisfied with the results of treatment? 
Why or why not__ 
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DO YOU THINK YOUR CHILD ISj 

YES NO MAYBE 

Good natured? 

Affectionate? 

Restless? 

Hyperactive? 

Nervous? 

Relaxed? 

Whiney? 

Slow in his movements? 

Alert? 

Immature? 

Easy to raise? 

Different from other children? 

Too active? 

Impatient? 

Mentally retarded? 

Stubborn? 

Friendly? 

Happy? 
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Think of your child*s behavior during the past two weeks. 
Rate your child*s behavior by writing your rating (number) 
on the line at the left of each statement, 

VERY FREQUENTLY OFTEN OCCASIONALLY RARELY NEVER 
1 2 3 4 5 

HOW OFTEN DOES YOUR CHILD| 

1. Has difficulty sleeping at night. 

2. Gets tired more quickly than other children his age. 

3. Seems more fearful than other children his age. 

4. Would rather play alone than with other children. 

5. Doesn't seem to tire as easily as other children 
his age. 

6. Would rather watch others play than to join into 
a group. 

7. Seems to be preoccupied. 

8. Seems to be quick to notice new things. 

9. Picks at food and eats little. 

10. Seems unusually timid in new situations. 

11. Seems tired. 

12. Seems to have things on his mind that he does not 
share. 

13. Prefers quiet activities which he does alone. 

14. Seems aware of the activities around him. 

15. Acts as though he feels miserable. 

16. Is fretful, fussy or whiney. 

17. Keeps at a task until finished. 

18. Ignores the activities around him. 

19. Is impatient. 
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HOW OFTEN DOES YOUR CHILD» 

20. Has temper tantrums. 

21. Sits unless directed into an activity. 

22. Gets angry or annoyed easily. 

23. Tries to be friendly with others. 

24. Becomes easily upset if something doesn't suit him. 

25. Takes on strange expressions, posture or movements. 

26. Shows inappropriate feeling or lack of feeling. 

27. Appears confused or puzzled. 

28. Seems to tire of games and activities easily. 

29. Giggles or smiles to himself without apparent 
reason. 

30. Is slow-moving and sluggish. 

31. Pays attention when spoken to. 

32. can follow simple directions. 

33. Resists suggestions and requests. 

34. Shows curiosity and interest in activities around 
him. 

35. Answers when spoken to. 

36. Is irritable and grouchy. 

37. Refuses to speak when asked questions. 

38. Is alert and attentive. 

39. Is easily frightened by a new situation. 

40. Is tired but does not sleep well. 

41. Refuses new foods. 

42. Wants the same routine every day. 

43. Can easily stop one task and begin another one. 
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HOW OFTEN DOES YOUR CHILD* 

44. Refuses to do new things at first. 

45. Does not finish tasks which are simple for his age. 

46. Avoids difficult tasks. 

47. Refuses to try again when he has met failures. 

48. Is sensitive to failure. 

49. Does not recognize his mistakes. 

50. Learns, things quickly through imitation of others. 

51. Moves so fast he stumbles over his own feet. 

52. Suddenly stops what he is doing for no apparent 
reason. 

53. Seems careful—too careful. 

54. Seems cautious—too cautious. 

55. Seems to lose interest in toys or games more 
rapidly than his playmates do. 

56. Seems to have a short attention span. 

57. Is interested in things for only a very short time. 

58. Gets upset by any little thing. 

59. Cries easily. 

60. Gets frustrated easily. 

61. Gets so mad he bursts into tears. 

62. His concentration on a task is easily interrupted. 

63. Wants to learn to read. 

64. Likes school work—(if he is in school). 

65. Seems ready for school—(if he is in school). 

66. Likes to color, draw, look at pictures, listen 
to stories, etc.—(if he is old enough to do these 
things). 



72 

HOW OFTEN DOES YOUR CHILDI 

67• Is eager to do things for himself. 

68. Is proud of his achievements. 
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Rate your child on the following characteristics by circling 
a number from 1 to 5 for each set of statements. Read both 
statements carefully and decide if he is best described by 
the statement on the left side (number 1) or by the statement 
on the right side (number 5) or if his behavior is somewhere 
between. Use number 2 if he has a tendency to behave like 1 
and is more like 1 them 5. Use number 4 if he has a tendency 
to behave like 5 and is more like 5 than 1 but is not a 5. 
Use number 3 to indicate behavior that seems to be in the 
middle, sometimes like 1 and sometimes like 5 but in general, 
favors neither extreme. 

1) 
(Number 1) 

Keenly curious, asks 
many questions for 
information, explores, 
investigates, and 
tries things out. 

1 2 3 4 5 

(Number 5) 
Lacks curiosity, in
different, seems not 
to care or be inter
ested in things. 

2) Almost always very 
active, chooses games 
requiring lots of 
running, jumping, and 
vigorous activity. 

1 2 3 4 5 

Very quiet, chooses 
sitting games such as 
blocks, puzzles, 
books and TV. 

3) Interested mainly 
with the activities 
of other children, 
prefers playing with 
others and doing what 
others are doing. 

1 2 3 4 5 

Chooses to play alone, 
shows no interest in 
joining other child
ren, seems not to 
care what they are 
doing. 

4) Is patient, waits his 
turn; is willing to 
wait for things he 
wants. 

1 2 3 4 5 

Is impetuous, impul
sive, does not wait 
to folbw instruc
tions, does not take 
turns. 

5) Objects to being told 
to do something, re
fuses, shows resent
ment, frequently has 
temper tantrums. 

1 2 3 4 5 

Never objects to 
being told what to 
do, promptly does 
what is asked of him, 
does not protest or 
show resentment. 

6) Afraid of social con
tacts , very shy, 
tries to avoid being 
with other people. 

1 2 3 4 5 

At ease with other 
children and adults. 
Not shy or appre
hensive when meeting 
people. 
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7) 
(Number 1) 

Interest in a task is 
unusually persistent, 
works on a task for a 
Ion? time even if it 
is difficult, frus
trating, distracted. 

1 2 3 4 5 

(Number 5) 
Interest dwindles 
readily, flits from 
task to task, easily 
distracted. 

8) Forceful, energetic, 
and vigorous in all 
activities. Seems to 
use a high amount of 
energy. Goes at a 
task with powerful 
movements. 

1 2 3 4 5 

Play and work are of 
a mild, slow, placid 
type. Seems to work 
at a low energy level. 
Seems to lack 
strength. 

9) Competition com
pletely fails to 
stimulate child to 
greater efforts. Be
comes discouraged or 
loses interest or 
simply watches other 
children. 

1 2 3 4 5 

Is strongly stimulated 
by competition; it 
increases his effort, 
makes him try harder. 
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If your child has been on the diet but the diet has been 
discontinued, please answer the following* 

Yes No Sometimes 

Did he snitch food while on 
the diet? 

Did he want the same food the 
other members of the family ate? ____ 

Did he stick closely to his diet? ___ 

When diet was terminated, did he 
try new foods eagerly when they 
were offered? 

When diet was terminated, did he 
like the taste of the new foods? 

When diet was terminated, did he 
gorge himself? 

When diet was terminated, did he 
at first continue to choose only 
familiar diet foods? 

Does he now eat all the foods 
offered to him? 

Age when diet began 

Age when diet terminated. 

Some 
Yes No Of Them 

In general, did improvements in 
behavior which were noted when 
dietary treatment began remain 
when dietary treatment terminated? 



APPENDIX C 

DISTRIBUTION 

Clinic and Director 

Margaret O'Flynn, M.D. 
Children's Manorial Hospital 

Robert Warner, M.D. 
Children's Rehabilitation 

Center 

William K. Frankenburg, M.D. 
U. of Colo. Medical Center 

Richard Koch, M.D. 
Children's Hospital 

Ellen Kang, M.D. 
Children's Hospital Medical 

Center 

Eleanora Gordon, M.D. 
St. Christopher's Hospital 

for Children 

Carl G. Ashley, M.D. 
Oregon State Board of Health 

Robert Fisch, M.D. 
U. of Minnesota Medical 

School 

Vanja Holm, M.D. 
University of Washington 

Betty S. Sutherland, M.D. 
Children's Hospital 

Research Foundation 

PKU SUBJECTS 

Address Number of 
Sublects 

Chicago, 111. 17 

Buffalo, N.Y. 17 

Denver, Colo. 16 

Los Angeles, Calif. 15 

Boston, Mass. 11* 

Philadelphia, Pa. 9 

Portland, Oregon 6 

Minneapolis, Minn. 6 

Seattle, Wash. 4 

Cincinnati, Ohio 4 



Clinic and Director 

Samual Bessman, M.D. 
University of Maryland 

Medical School 

James Coldwell, M.D. 
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Address Number of 
Subjects 

Baltimore, Maryland 3 

Tulsa, Oklahoma 1 

* These subjects were matched on the basis of chronological 
age only because the IQ scores were not released. 



APPENDIX D 

LIST OF PKU SUBJECTS AND MATCHED CONTROL SUBJECTS 

Case No 

1 
2 
10 
42 
3 
4 
5 
6 
11 
32 
7 
8 
9 
12 
13 
27 
29 
34 
35 
38 
39 
41 
43 
44 
14 
15 

PKU—Off Diet Control Group I Control Group II 

Acre Sex IQ Case No. Acre Sex Case No. Acre Sex IQ 

3-7 M 52 97 3-7 M 258 3-8 M 61 
4-1 M 98 110 4-0 M 313 4-8 M 92 
4-5 F 45 101 4-4 F 262 4—4 F 46 
4-8 M 58 103 4-8 M 312 4-11 M 67 
5-1 F 60 112 5-1 F 296 5-6 F . 56 
5-10 M 95 153 5-8 M 307 5-8 M 89 
5-5 M 65 131 5-5 M 225 5-2 M 55 
5-9 F 58 154 5-11 F 253 6-3 F 56 
5-11 M 40 163 5-8 M 224 5-10 M 45 
5-4 F 41 146 5-6 F 244 5-10 F 38 
6-11 F 39 57 7-1 F 242 6-8 F 42 
6-6 F 35 52 6-5 F 261 6-0 F 35 
6-1 F 47 70 6-1 F 268 6-3 F 52 
6-9 F 82 59 6-9 F 264 5-10 F 85 
6-7 F 72 71 6-6 F 212 6-4 F 72 
6-6 M 48 515 6-5 M 231 7-1 M 40 
6-10 M 58 51 6-10 M 273 6-5 M 69 
6-3 M 58 510 6-4 M 237 6-3 M 52 
6-2 M 44 113 6-2 M 250 5-11 M 43 
6-11 M 55 60 7-0 M 288 7-1 M 52 
6-7 M 75 55 6-8 M 251 6-10 M 73 
6-2 F 41 64 6-3 F 228 6-3 F 40 
6-10 F 40 62 6-10 F 243 7-1 F 50 
6-1 M 30 514 5-11 M 305 5-8 M 32 
7-9 M 20 164 7-9 M 239 7-0 M 30 
7-9 M 39 86 7-10 M 232 7-1 M 40 >4 

00 



PKU-Off Diet Control Group I Control Group II 

Case No. Aae Sex IQ Case No. Acre Sex Case No. Aae Sex IQ 

28 7-6 F 40 77 7-6 F 221 7-3 F 49 

37 7-7 F 85 76 7-6 F 208 7-3 F 79 

40 7-10 F 67 81 7-10 F 204 7-3 F 65 

16 8-5 M 90 187 8-4 M 292 9-3 M 84 

17 8-4 M 57 91 8-4 M 286 8-1 M 65 

18 8-3 F 72 189 8-2 F 280 7-3 F 71 

19 8-10 M 58 177 8-8 M 279 8-3 M 69 

20 8-0 M 75 511 8-1 M 218 8-10 M 78 

21 8-4 F 63 174 8-4 F 290 8-10 F 64 

22 8-1 M 33 505 8-1 M r233 8-9 M 32 

31 8-9 M 50 184 8-7 M 230 8-6 M 50 

33 8-11 M 71 182 8-11 M 205 8-8 M 71 

36 8-1 F 64 165 8-1 F 216 8-6 F 62 

30 8-10 F — 168 8-10 F — — — — 

23 9-6 M 80 181 9-6 M 210 9-2 M 77 

24 9-5 F 90 504 9-3 F 220 9-5 F 87 

25 9-3 F 95 171 9-0 F 310 9-11 F 95 

26 9-5 M 54 178 9-2 M 214 9-7 M 65 

*4 
10 



PKU-On Diet Control Group I Control Group II 

Case No. Acre Sex IQ Case No. Acre Sex Case No* Acre Sex ig 

465 4-5 F 100 506 4-5 F 328 4-2 F 100 
445 3-4 F 40 98 3-1 F 222 3-11 F 36 
450 3-6 F 23 522 3-9 F 259 3-8 F 26 
451 3-6 M 49 516 3-0 M 316 3-3 M 51 
452 3-8 M 38 94 3-9 M 266 3-6 M 35 
426 3-7 M 73 199 3-10 M 300 4-0 M 67 
432 3-2 F 97 96 2-11 F 315 3-6 F 96 
436 3-5 M 78 517 3-0 M 325 3-10 M 78 
438 3-8 M 50 95 3-10 M 297 3-10 M 57 
439 3-0 M 90 502 3-0 M 317 3-3 M 90 
407 3-3 M 51 519 3-3 M 314 3-3 M 50 
410 3-2 F 114 99 3-2 F 276 3-3 F 107 
414 3-1 M 50 518 2-10 M 260 3-3 M 50 
415 3-4 M 79 192 3-1 M 324 3-8 M 61 
419 3-10 F 94 198 3-10 F 303 3-10 F 94 
454 3-3 M 89 513 3-3 M 271 3-3 M 88 
461 3-11 F 82 524 4-0 F 281 3-10 F 78 
455 3-5 M — 523 3-2 M - - — -

460 3-10 F — 195 4-2 F — — — •Ml 

462 3-7 M - 193 3-7 M — — — -

463 3-0 F — 521 3-1 F mm — — -

448 4-10 M 47 107 4-10 M 309 5-0 M 48 
424 4-5 M 84 501 4-7 M 272 4-6 M 86 
427 4-7 M 44 108 4-8 M 223 4-5 M 50 
428 4-5 F 85 105 4-0 F 256 4-5 F 85 
429 4-2 M 73 106 4-2 M 283 4-9 M 74 
430 4-11 M 67 111 4-11 M 252 4-11 M 67 
434 4-0 M 77 100 3-11 M 306 4-8 M 79 
442 4-10 F 85 102 4-11 F 267 4-7 F 89 
443 4-9 F 57 109 4-10 F 308 4-1 F 54 
409 4-11 M 65 197 4-9 M 301 5-1 M 67 



PKU-On Diet Control Group I Control Group II 

Case No. Acre Sex IQ Case No. Acre Sex Case No. Acre Sex 

457 4-4 M 191 4-6 M 
458 4-2 M — 196 4-4 M - - - -

459 4-2 M — 104 4-5 M - — — -

425 5-11 M 105 126 5-8 M 318 5-7 M 105 
431 5-4 M 75 74 5-4 M 227 5-11 M 60 
440 5-1 F 80 121 5-1 F 257 5-3 F 78 
444 5-0 M 30 114 5-1 M 302 4-11 M 35 
402 5-5 F - 147 5-4 F - - - -

403 5-8 F 70 145 5-8 F 226 5-9 F 67 
406 5-0 F 88 117 5-2 F 274 5-6 F 92 
408 5-6 F 58 119 5-7 F 294 6-1 F 59 
413 5-5 F 58 130 5-6 F 248 5-7 F 68 
456 5-1 F 60 118 5-2 F 299 5-4 F 55 
447 6-0 M 95 194 5-11 M 275 6-4 M 93 
433 6-0 F 63 507 6-1 F 206 6-11 F 62 
441 6-10 M 96 69 7-0 M 282 6-9 M 89 
401 6-3 M 95 68 6-5 M 326 6-4 M 93 
405 6-8 F 76 67 6-10 F 284 6-7 F 71 
411 6-3 F 74 61 6-4 F 319 6-4 F 72 
412 6-7 M 74 54 6-8 M 207 6-9 M 69 
417 6-3 M 1 80 503 6-4 M 270 6-4 M 82 
422 6-10 M — 53 6-10 M — — - -

423 7-0 F 35 66 7-1 F 235 7-2 F 30 
404 7-8 F 86 84 7-8 F 265 7-8 F 91 
464 7-1 M 46 63 7-1 M 327 7-1 M 40 
446 8-1 F 57 90 8-1 F 203 8-0 F 51 
449 8-3 M 56 166 8-3 M 295 8-2 M 65 
435 8-11 M 56 172 9-1 M 201 9-5 M 68 
437 8-5 M 93 170 8-5 M 311 8-0 M 93 
416 . 8-0 M 53 512 7-11 M 289 8-0 M 60 
418 8-0 M 41 83 7-11 M 323 8-0 M 48 



PKU-On Diet Control Group I Control Group II 

Case No. Age sex IQ Case No, Acre Sex Case No, Age Sex IQ 

420 

3 

8-S F 58 173 8-7 F 240 8-11 F 55 
421 8-10 M 89 186 9-0 M 211 8-5 M 83 
453 8-3 M 54 167 8-7 M 321 8-0 M 60 

oo 
to 



APPENDIX E 

ITEMS THAT INDICATE DIFFERENCES BETWEEN THE 
SCORES OF PKU-ON DIET WITH CONTROL GROUP I 

130 Subjects 

(Items are to be interpreted as statements that are more 
true of PKU-On Diet than the Control Group 

Identifier r. Statement 

3 .18* Restless. 

4 .22** Hyperactive. 

7 .21** Whiney. 

8 .19* Slow in his movements. 

9 .22** (Not) alert. 

10 .36**** Immature. 

12 ,29*** Different from other children. 

13 .21** Too active. 

15 Mentally retarded. 

23 .20* Doesn't seem to tire as easily as 
other children his age. 

26 .23*** (Does not) seem quick to notice new 
things. 

27 # 32**** (Does not) pick at food and eat 
little. 

35 .31**** (Does not) keep at a task until 
finished. 

37 .20* Is impatient. 

38 .21** Has temper tantrums. 

83 
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Identifier 

40 

42 

44 

45 

46 

50 

52 

53 

55 

56 

63 

64 

65 

67 

73 

74 

75 

76 

77 

78 

r. Statement 

.27*** Gets angry or annoyed easily. 

.28*** Becomes easily upset if something 
does not suit him. 

.20* Shows inappropriate feeling or lack 
of feeling. 

.20* Appears confused or puzzled. 

.20* Seems to tire of games or activities 
easily. 

.22** Can (not) follow simple directions. 

.19* (Does not) show curiosity and interest 
in activities around him. 

.22** (Does not) answer when spoken to. 

.26*** Refuses to speak when asked questions. 

.35**** is (not) alert and attentive. 

.44**** Does not finish tasks which are simple 
for his age. 

.32**** Avoids difficult tasks. 

.18* Refuses to try again when he has met 
failures. 

,37**** Does not recognize his mistakes. 

.40**** Seems to lose interest in toys or 
games more rapidly than his playmates 
do. 

.42**** seems to have a short attention span. 

.44**** is interested in things for only a 
very short time. 

.25*** Gets upset by any little thing. 

.30**** cries easily. 

.26*** Gets frustrated easily. 
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Identifier Statement 

80 .30**** His concentration on a task is easily 
interrupted. 

81 ^37**** (Does not) want to learn to read, 

82 .18* (Does not) like schoolwork—if he is 
in school. 

83 .21** (Does not) seem ready for school—if 
he is in school. 

84 ,32**** (Does not) like to color, draw, look at 
pictures, listen to stories, etc.—if 
he is old enough to do these things. 

85 .22** Is (not) eager to do things for himself 

86 .17* Is (not) proud of his achievements. 

87 .46**** Lacks curiosity, indifferent, seems 
not to care or be interested in things. 

90 .26*** Is impetuous, impulsive, does not wait 
to follow instructions, does not take . 
turns. 

93 .50**** Interest dwindles readily, flits from 
task to task, easily distracted. 

95 .31**** Competition completely fails to stimu
late child to greater efforts. Be
comes discouraged or loses interest or 
simply watches other children. 

* Significant at the .05 level. 
** Significant at the .02 level. 
*** Significant at the .01 level. 
**** Significant at the .001 level. 



APPENDIX F 

ITEMS THAT INDICATE DIFFERENCES BETWEEN THE SCORES OF 
PKU-ON DIET AND CONTROL GROUP II (IQ, SEX AND AGE) 

112 Subjects 

(Items are to be interpreted as statements that are more 
time of PKU-On Diet than the control group.) 

Identifier Statement 

11 .19* Easy to raise. 

24 .23** Would rather (not) watch others play 
than to join into a group. 

25 .21* (Does not) seem to be preoccupied. 

35 .22** Keeps at a task until finished. 

39 .22** (Does not) sit unless directed into 
an activity. 

45 .21* (Does not) appear confused or puzzled. 

47 .25*** (Does not) giggle or smile to himself 
without apparent reason. 

48 #29*** Is (not) slow moving or sluggish. 

49 .24*** Pays attention when spoken to. 

57 .28*** Is (not) easily frightened by a new 
situation. 

61 .23** Can easily stop one task and begin 
another one. 

62 #26*** (Does not) refuse to do new things 
at first. 

66 .22** Is (not) sensitive to failure. 

69 (Does not) move so fast he stumbles 
over his own feet. 

86 
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Identifier 

72 

83 

88 

89 

90 

r. Statement 

.25*** (Does not) seem cautious—too 
cautious* 

#27*** Seems ready for school—if he is 
in school. 

.21* Almost always very active, chooses 
games requiring lots of running, 
jumping; and vigorous activity. 

.20* Interested mainly with the activities 
of other children, prefers playing 
with others and doing what others are 
doing. 

.22** Is patient, waits his turn, is willing 
to wait for things he wants. 

* Significant at the .05 level. 
** Significant at the .02 level. 
*** Significant at the .01 level. 
**** significant at the .001 level. 



APPENDIX G 

ITEMS THAT INDICATE DIFFERENCES BETWEEN THE SCORE OF 
PKU-OFF DIET AND CONTROL GROUP I (AGE, AND SEX) 

88 Subjects 

Citems are to be interpreted as statements that are more 
true of PKU-Off Diet subjects than the control group.) 

Identifier Statement 

3 

4 

5 

6 

9 

10 

11 

12 

13 

14 

15 

16 

20 

21 

24 

25 

.56**** 

#48**** 

.45**** 

.35**** 

.32*** 

.25** 

.54**** 

.51**** 

.24* 

.31*** 

.27*** 

.38**** 

.34*** 

.25** 

Restless. 

Hyperactive. 

Nervous. 

(Not) relaxed. 

(Not) alert. 

Immature. 

(Not) easy to raise. 

Different from other children. 

Too active. 

Impatient. 

Mentally retarded. 

Stubborn. 

Gets tired more quickly than other 
children his age. 

Seems more fearful than other children 
his age. 

Would rather watch others play than 
join into a group. 

Seems to be preoccupied. 

88 
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Identifier r. Statement 

27 .23* (Does not) pick at food and eat little. 

34 .25** Is fretful, fussy or whiney. 

35 .35**** (Does not) keep at a task until 
finished. 

38 .36**** Has temper tantrums. 

42 .24* Becomes easily upset if something 
doesn't suit him. 

43 .24* Takes on strange expressions, posture 
or movements. 

45 .44**** Appears confused or puzzled. 

46 .48**** Seems to tire of games and activities 
easily. 

48 .21* Is slow moving and sluggish. 

52 .23* (Does not) show curiosity and interest 
in activities around him. 

54 .26** Is irritable and grouchy. 

55 .46**** Refuses to speak when asked questions. 

56 .33*** Is (not) alert and attentive. 

60 .25** Wants the same routine every day. 

62 .22* Refuses to do new things at first. 

63 .51**** Does not finish tasks which are simple 
for his age. 

64 .31*** Avoids difficult tasks. 

67 .37**** Does not recognize his mistakes. 

68 .28*** (Does not) learn things quickly through 
imitation of others. 

70 .31*** Suddenly stops what he is doing for no 
apparent reason. 

72 .25** Seems cautious—too cautious. 
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Identifier Statement 

73 .59**** Seems to lose interest in toys or 
games more rapidly than do his 
playmates. 

74 .63**** Seems to have a short attention span. 

75 .57**** is interested in things for only a 
very short time. 

76 .27*** Gets upset by any little thing. 

77 .25** Cries easily. 

78 .40**** Gets frustrated easily. 

80 .40**** His concentration on a task is 
easily interrupted. 

81 .51**** (Does not) want to learn to read. 

84 .33*** (Does not like to color, draw, look 
at pictures, listen to stories, etc.— 
if he is old enough to do these things. 

85 .28*** Is (not) eager to do things for 
himself. 

86 .21* Is (not) proud of his achievements. 

87 .42**** Lacks curiosity, indifferent, seems not 
to care or be interested in things. 

90 #27*** is impetuous, impulsive, does not 
wait to follow direction, does not 
take turns. 

91 .22* Objects to being told to do something, 
refuses, shows resentment, frequently 
has temper tantrums. 

93 .43**** Interest dwindles readily, flits 
from task to task, easily distracted. 
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Identifier r. Statement 

95 .39**** Competition completely fails to 
stimulate child to greater efforts. 
Becomes discouraged or loses interest 
or simply watches other children. 

* Significant at the .05 level. 
** Significant at the .02 level. 
*** Significant at the .01 level. 
**** significant at the .001 level. 



APPENDIX H 

ITEMS THAT INDICATE DIFFERENCES BETWEEN THE SCORES OF 
PKU-OFF DIET AND CONTROL GROUP II (AGE, SEX AND IQ) 

86 Subjects 

(Items are to be interpreted as statements that are more 
true of PKU subjects off the diet than the control group.) 

Identifier r. Statement 

8 .27*** (Not) slow in his movements. 

19 .29*** (Does not) seem tired. 

27 .26** (Does not) pick at food and eat 
little. 

28 .28*** (Does not) seem unusually timid 
in new situations. 

48 .32*** Is (not) slow moving and sluggish. 

49 .31*** Pays attention when spoken to. 

65 .23** (Does not) refuse to try again when 
he has met failures. 

88 

92 

94 

.28*** Almost always very active, chooses 
games requiring lots of running, 
jumping, and vigorous activity. 

.25** At ease with other children and 
adults. Not shy or apprehensive 
when meeting people. 

.28*** Forceful, energetic, and vigorous in 
all activities. Seems to use a high 
amount of energy. Goes at a task 
with powerful movements. 

* Significant at the .05 level. 
** Significant at the .02 level. 
*** Significant at the .01 level. 
**** significant at the .001 level. 

92 



APPENDIX I 

ITEMS THAT INDICATE DIFFERENCES BETWEEN 
THE SCORES OF PKU GROUPS AND CONTROL GROUP I 

218 Subjects 

(Items are to be interpreted as statements that are more 
true of the PKU group than of the control group.) 

Identifier rj, Statement 

3 .36**** Restless. 

4 .35**** Hyperactive. 

5 .28**** Nervous. 

6 .22*** (Not) relaxed. 

7 .18** Whiney. 

8 .22*** Slow in his movements. 

9 .30**** (Not) alert. 

10 .49**** Immature. 

11 .19** (Not) easy to raise. 

12 .40**** Different from other children. 

13 .34**** To© active. 

14 .22*** Impatient. 

15 .63**** Mentally retarded. 

16 .17** Stubborn. 

17 .14* (Not) friendly. 

20 .21*** Gets tired more quickly than other 
children his age. 

21 .26**** Seems more fearful than other 
children his age. - -
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Identifier 

23 

24 

25 

26 

27 

30 

34 

35 

37 

38 

40 

42 

43 

44 

45 

46 

50 

51 

52 

r. statement 

.18** Does not seem to tire as easily as 
other children his age. 

.23*** Would rather watch others play than 
to join into a group. 

.17** Seems to be preoccupied. 

.19*** (Does not) seem to be quick to 
notice new things. 

.28**** (Does not) pitik at food and eat 
little. 

.18** Seems to have things on his mind that 
he does not share. 

.20*** Is fretful, fussy or whiney. 

.34**** (infrequently) keeps at a task until 
finished. 

.18** Is impatient. 

.26**** Has temper tantrums. 

.23*** Gets angry and annoyed easily. 

.26**** Becomes easily upset if something 
doesn't suit him. 

.21*** Takes on strange expressions, 
posture or movements. 

.21*** Shows inappropriate feeling or lack 
of feeling. 

• 31**** Appears confused or puzzled. 

.33**** seems to tire of games and activities 
easily. 

.19*** can (not) follow simple directions. 

.15* Resists suggestions and requests. 

.21*** (Does not) show curiosity and interest 
in activities around him. 

53 .20*** (Does not) answer when spoken to. 
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Identifier 

54 

55 

56 

62 

63 

64 

67 

68 

70 

72 

73 

74 

75 

76 

77 

78 

80 

81 

83 

84 

r. Statement 

.16* Is irritable and grouchy. 

.36**** Refuses to speak when asked questions. 

.35**** is (not) alert and attentive. 

.15* Refuses to do new things at first. 

.47**** Does not finish tasks which are 
simple for his age. 

.31**** Avoids difficult tasks. 

.39**** Does not recognize his mistakes. 

,23*** (Does not) learn things quickly 
through imitation of others. 

.22*** Suddenly stops what he is doing for 
no apparent reason. 

.15* Seems cautious—too cautious. 

.48**** Seems to lose interest in toys or 
games more rapidly than his playmates 
do. 

.53**** seems to have a short attention span. 

.51**** xs interested in things for only a 
very short time. 

.25**** Gets upset by any little thing. 

.28**** Cries easily. 

.31**** Gets frustrated easily. 

.37**** His concentration on a task is easily 
interrupted. 

.44**** (Does not) want to learn to read. 

.15* Seems ready for school—(if he is 
in school). 

.32**** (Does not) like to color, draw, look 
at pictures, listen to stories, 
etc.—(if he is old enough to do 
these things). 
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Identifier Statement 

85 

86 

87 

»«• * 
90 

91 

93 

95 

s25**** is (not) eager to do things for 
himself. 

.20*** Is (not) proud of his achievements. 

.44**** Lacks curiosity, indifferent, seems 
not to care or be interested in 
things. 

.28**** Is impetuous, impulsive, does not 
wait to follow instructions, does 
not take turns. 

.16* Objects to being told to do something, 
refuses, shows resentment, frequently 
has temper tantrums. 

.48**** Interest dwindles readily, flits 
from task to task, easily distracted. 

.34**** Competition completely fails to 
stimulate child to greater efforts. 
Becomes discouraged or loses interest 
or simply watches other children. 

* Significant at the .05 level. 
** Significant at the .02 level. 
*** Significant at the .01 level. 
**** Significant at the .001 level. 



APPENDIX J 

ITEMS THAT INDICATE DIFFERENCES BETWEEN 
THE SCORES OF PKU GROUPS AND CONTROL GROUP II 

198 Subjects 

(Items are to be interpreted as statements that are more 
true of PKU subjects than of the control group,) 

Identifier r. Statement 

8 

9 

11 

19 

24 

27 

28 

31 

32 

35 

39 

45 

47 

.23*** (Not) slow in his movements. 

.16* Alert. 

.17** Easy to raise. 

.20*** (Does not) have difficulty sleeping 
at night. 

.18** Would (not) rather watch others 
play than join into a group. 

.19*** (Does not) pick at food and eat 
little. 

.20*** (Infrequently) seems unusually timid 
in new situations. 

.19*** (Infrequently) prefers quiet activ
ities which he does alone. 

.15* Seems aware of the activities around 
him. 

.17** Keeps at a task until finished. 

.17** (Does not) sit unless directed into 
an activity. 

.16* (Does not) appear confused or puzzled. 

.19*** (Does not) giggle or smile to himself 
without apparent reason. 
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Identifier Statement 

48 

49 

57 

61 

62 

64 

65 

69 

70 

74 

85 

88 

92 

94 

• 31**** Is (not) slow-moving and sluggish. 

.27**** Pays attention when spoken to. 

.22*** Is (not) easily frightened by a new 
situation. 

.17** Can easily stop one task and begin 
another one. 

.22*** (Infrequently) refuses to do new 
things at first. 

.15* (Does not) avoid difficult tasks. 

,19*** (Does not) refuse to try again when 
he has met failures. 

,30**** (Does not) move so fast he stumbles 
over his own feet. 

.18** (Does not) suddenly stop what he is 
doing for no apparent reason. 

.15* (Does not) seem to have a short 
attention span. 

.16* Is eager to do things for himself. 

.24**** Almost always very active, chooses 
games requiring lots of running, 
jumping, and vigorous activity. 

.19*** At ease with other children and 
adults. Not shy or apprehensive 
when meeting people. 

.18** Forceful, energetic, and vigorous in 
all activities. Seems to use a high 
amount of energy. Goes at a task with 
powerful movements. 

* Significant at the .05 level. 
** Significant at the .02 level. 
*** Significant at the .01 level. 
**** significant at the .001 level. 



APPENDIX K 

ITEMS THAT INDICATE DIFFERENCES BETWEEN 
THE SCORES OF PKU-QFF DIET AND PKU-QN DIET GROUPS 

109 subjects 

(Items are to be interpreted as statements that are more 
true of the PKU-off Diet group than of the PKU-on Diet 
group.) 

Identifier 

5 

6 

10 

12 

13 

15 

20 

21 

25 

31 

36 

39 

45 

60 

66 

r, 

,26*** 

,20* 

,28*** 

,27*** 

,24** 

,38**** 

,25** 

,22* 

,24** 

,20* 

,21* 

,22* 

,21* 

,26*** 

,28*** 

Statement 

Nervous, 

(Not) relaxed, 

Immature, 

Different from other children, 

Too active, 

Mentally retarded, 

Gets tired more quickly than other 
children his age. 

ould rather play alone than with 
other children, 

Seems to be preoccupied. 

Prefers quiet activities which he 
does alone, 

Ignores the activities around him, 

Sits unless directed into an 
activity, 

Appears confused or puzzled, 

Wants the same routine every day. 

Is sensitive to failure, 
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Identifier Statement 
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71 .21* Seems careful—too careful. 

72 .28*** Seems cautious—too cautious. 

73 .21* Seems to lose interest in toys or 
games more rapidly than his play
mates do. 

74 .20* Seems to have a short attention span. 

91 .22* Objects to being told to do something, 
refuses, shows resentment, frequently 
has temper tantrums. 

* Significant at the .05 level. 
** Significant at the .02 level. 
*** Significant at the .01 level. 
**** significant at the .001 level. 



APPENDIX L 

FACTOR ITEM IDENTIFIERS 

I Withdrawal 2, 17# 18, 22, 24, 25, 30, 
31, 36, 40, 41, 43, 44, 45, 
47, 51, 54, 76, 89. 

II Hyperactivity 3, 4, 5, 6, 11, 13, 14, 37, 
42, 78, 91. 

Ill Attention Span 10, 12, 15, 35, 46, 63, 67, 
70, 73, 74, 75, 80, 93. 

IV Timidity 21, 28, 57, 62, 71, 72, 88, 
92, 94. 

V Emotionality 7, 16, 33, 34, 38, 61, 79, 
82. 

VI Lethargy 8, 20, 29, 39, 48, 59, 81. 

VII Responsiveness 9, 26, 32, 49, 50, 52, 53, 
56, 68, 83, 84, 85, 86, 95. 

VIII Frustration Tolerance 64, 65. 

IX Sleep Problem 19, 58. 
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