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PREFACE

After more than a quarter century of neglect, there has been a rapidly
growing interest in the genetics of behavior, both in mice and men (as
well as in other animals) . In fact, most recently the increase is beginning
to move beyond the traditional position in which heredity was seen as a
factor competing with environmental influences as an explanation of in-
dividual differences. Instead, current studies are beginning to answer the
question so aptly phrased in 1958 by Anne Anastasi: “Heredity, environ-
ment and the question ‘How?’ ” in her paper in the Psychological Review

(pages 197-208) .

The papers in this volume are good examples of this advance. At the
start there 1s a statement reminding us of the need to keep evolution, and
therefore biological utility, in mind as the basic explanation for the con-
tinued presence of any trait in the behavioral repertoire of a species. The
first part of the book then continues with explorations of the behavioral
consequences of specified genetic anomalies. This is one way in which a
specific pathway may be found leading from gene to behavior. In the sec-
ond part of the book various new research methods with twins are dem-

onstrated, and 1in the last part, several statistical methods are proposed
for the unraveling of the mutual interrelations at the genetic (as well as

on the environmental) level between a number of variables. These meth-
ods promise to furnish us in time with psychological tests specially

tallored for use in studies of the modes of inheritance of psychological
factors.

The chapters in this volume comprise part of the papers presented at
the Second Invitational Conference on Human Behavior Genetics, held
in Louisville, Kentucky, from April 30 to May 2, 1966. This conference
was supported, in part, by a grant (1-R13-MH 12,638) from the Nation-
al Institute of Mental Health, U.S. Public Health Service. Other aspects
of the conference were supported by the U.S. Public Health Service
through the grant for the Louisville Twin Study (HD-00843) and
through a Career Development Award to Vandenberg (K3-MH-18,382).
I'he University of Colorado has supported some of the final phases such



PREFACE

as editing, proofreading, and related correspondence in the preparation
of this book. Many of the papers were typed or retyped by Mrs. Mickey
Gliesner, Mrs. Betty Matthews and Miss Linda McCarthy. I am grateful

tor all their help.

STEVEN G. VANDENBERG
University of Colorado
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PAR'T 1
Genetic Syndromes

Introduction

Several methods are available for the study of hereditary factors in hus-
man behavior. They may be summarized as family studies, studies ot
adopted children, the comparison of identical and fraternal twin con-
cordance, the study of identical twins reared apart, the study of the et-
fects of inbreeding, and the study of the effects of racial intermarriage.
Another method consists of studying the psychological concomitants of
specific gene substitutions or abnormal chromosome complements, or ot
other genetic abnormalities.

In this first part of the book, the latter approach is represented by a
number of papers. Because they take as their starting point a known ge-
netic anomaly, these studies are probably closer to the causal chain from
abnormal genome through malfunctioning biochemistry to final atypical
behavior, and should therefore give more pertinent information. The
problem with this method is that it may at times be difiicult to know
what aspect of behavior to observe. One would hope that results from the
other methods can help to answer this question, because they tell what
aspects of behavior are, in part, controlled by heredity. Unfortunately
there is no guarantee that the same genes that control normal variation
in various behavioral traits will play an important role in genetic anoma-
lies. It seems highly likely that by chance alone some of the loci involved
in normal variation will also be involved in defects, but equally likely
that a number of others will not be involved 1n such key roles.

On the other hand, it may be that normal variation 1s merely the re-
sult of the presence or absence of a large number of “abnormal” genes,
most of which have small cumulative effects, so that all loci for normal
variation also play a role in one or another abnormal conditions.

Regardless of one’s view on the first question, it seems likely that stud-

ies of hereditary variation in “normal” populations may tell us which
behavioral domains are especially responsive to hereditary variation, and

which theretore form promising hunting grounds for students of genetic
anomalies.

X1



DANIEL G. FREEDMAN

Commaittee on Human Development
Unwersity of Chicago

AN EVOLUTIONARY FRAMEWORK FOR
BEHAVIORAL RESEARCH

It has been my impression that behavior geneticists have a gimmick
rather than a theory. We feel superior to other psychologists because we

- know that in diploid organisms individual differences are largely due to
genetic variation and we continue to push this point wherever we can.
This has served to upset the environmentalists’ applecart, and strict envi-
ronmentalism 1s now passé; but aside from this heuristic value to our

work, we seem to be in the same boat as anyone else: up the creek with-
out an over-all guiding theory.

Let me begin with my own case history. Starting as a clinical psycholo-
gist with a strong Gestalt-holistic bias, my Ph.D. thesis revealed to me, in
a very dramatic way and not by design, the importance of genotype. I
reared different breeds of dogs in two ways, hoping to prove a “purely”
psychological hypothesis (Freedman, 1958) ; instead, I came away with
striking breed-by-environment interactions, and I have been obsessed
with such interactions ever since. Following the thesis, I began to look to
geneticists for research leads. I visited Kopec at New York University
with the notion of doing chromosome surgery on hamsters and relating
this to behavior. It turned out to be perfectly possible. I then spent a

year at the Institute for Medical Genetics in Uppsala where, among other
things, the world of biochemical genetics was opened to me.

But whenever I became bored with reading and decided to do some
work, I found myself involved in psychotherapy of twins, or studying ba-
bies (e.g., twins, blind babies, Mongoloid babies), or in some way deal-
ing with humans very much as I had done as a clinician. I obviously still

preterred to work with my subjects over a substantial period of time and
through a developing relationship.

But something new had been added. On the basis of my new interest in
genetics I had become an evolutionist, and the notion of adaptive func-

tion began filling my brain. In the arena of animal behavior, for
example, it no longer concerned me, as it does so many animal psycholo-

1
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gists, whether imprinting was traditional learning as opposed to a special
kind of learning. It was clear that in the eround-nesting mallard, unless
ducklings pursued the mother into the pond soon after hatching, the last
mallard would have been eaten long ago. Imprinting is obviously some-
thing that has appeared under strong pressure of predators, and as Lo-
renz has said to those using barnyard chicks, “If you are going to study
imprinting, study it in birds that imprint.”

(Parenthetically, I prefer not to use the terms “innate” and “ac-
quired,” and instead I have found the simpler term “evolved behavior”
much more congenial. Imprinting obviously involves both innate and ac-
quired elements, and rather than get lost in a make-believe partitioning |
of these elements, I prefer to use the subsuming term, “evolved,” or its
synonym, “phylogenetically adaptive.”)

We may now ask, what does this evolutionary thinking do for personal-
ity theory? Let me give examples. For several years I have been interested
in the human smile and the fear of strangers, behaviors which I view
as phylogenetically adaptive. Three years ago (Freedman, 1965) I
presented data, since corroborated by further work, that these behaviors
are significantly more concordant in identical twin infants than in same-
sexed fraternals. Let me elaborate my thinking on this.

Since, trom an evolutionary point of view, phylogenetically adaptive
soctal signals must be matched by complementary receiving mechanisms,
it has become clear to me that the baby’s smile is meaningless without a
sympathetic recipient or participant in that smile. Although my teacher,
Kurt Goldstein, wrote this ten years ago (Goldstein, 1957), it has only re-
cently taken on an evolutionary meaning for me. I now see that many

evolved behavioral mechanisms in the infant have counterpart reactions
1n the caretaking adult.

For example, we will probably all agree that crying is a phylogeneti-
cally adaptive mechanism, and most newborn mammals, when out of the
nest, start to cry. In dogs, one has only to watch the bitch’s excited seek-
ing to realize that her reaction constitutes an evolved mechanism comple-
mentary to the pup’s cry. In the human, similarly, it can be demonstrated
that within hours after birth, and before the first feeding, a crying infant
will quiet when held and carried. Consider how this cessation of crying
coordinates beautifully with the intense anxiety felt by the human par-
ent until the intant is quieted. In this way the human baby does about as
well as the macaque in getting next to the parent without having the
ability to cling.

Let us consider, further, the two-month-old infant’s persistent searching
for the faces of adults and the wave of love an adult feels as eyes meet
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and the first smiles ensue. These feelings of love within the adult are
data, too! (An infant smiles most readily at the full face view of an adult,
and turning one’s profile is like turning oft a switch: the smile disappears
and the baby searches with its eyes at about the level of your ear. In ad-
dition, there is considerable evidence, still largely unpublished, that ba-
bies prefer to look at models of the face rather than at various other com-
peting configurations. See, for example, Fantz, 1961.)

A few weeks after smiling starts, the infant begins to coo at the
beholding adult—try not to coo back at a vocalizing baby, as we have to
do as experimenters, and see how unnatural it feels. The infant 1s now
“talking” and we feel the irrestible urge to respond. I have little doubt
but that these species-specific mutualities are the stuff social bonds are
made of.

Consider further the clocking-in of laughter at about four months and
the joy it gives us. Now the baby and caretaker can indulge 1in genuine
mutual play; 1s there any reason to hold that the joy the adult feels 1s less
of a mechanism than the laughter of the baby? As the first year pro-
gresses, a fear of strangers appears which draws the infant and caretaker
even closer; by the time imitation and the first use of words start, late in
the first year, social bonds are very strong and the child is an integral
part of the lives of those about him.

I have thought most about infant-adult interactions, but evolved mech-
anisms are at work in all aspects of man’s behavior. A particularly clear
example to explore is man’s constant engagement in dominance-submis-
sion testing, particularly among males (as in other primate species). One
can see the competitive interplay among young boys in any school, and
when the same behavior occurs at home vis a vis the father we refer to it
as the working of the Oedipus complex. As in rhesus monkeys, the
hierarchy often starts with rough and tumble play and becomes more
serious with age. Try as we may not to engage in it, no matter what
culture we are reared in this behavior always characterizes a human
group. Reconstruction of the social order of our progenitors, Australopi-
thecus, suggests that they lived as groups of hunters, and the establishment

of dominance-submission hierarchies, since they lead to dynamically
stabilized groups, still suits us well.

One has to look through evolutionary glasses to find the meaningful
units of behavior. It is clear that paper and pencil tests given to twins

will not in themselves reveal the processes of evolution and that one has
to look through evolutionary glasses to find the meaningful units of
behavior. For a personality theorist this leads to a view that people often
act 1n mutual concert or discord, and are built to send and receive cues
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in the service of various evolved behaviors. It will require some ingenuity

to decide on the proper units of behavior and to put these to a meaning-
ful test.

Let me give two examples of ongoing studies which appear to follow
trom the above development. Since we hypothesized that the baby’s cry
and the adult’s need to do something about it are complementary inher-
ited mechanisms, we have set up the following experiment. A tape of var-
1ous baby-cries and ‘“‘control” noises was played to adult subjects, and
concurrent psycho-physiological measures were taken. As we expected,
women reacted more than men, and both men and women with children
reacted more intensely than those without. Here we again see illustrated

probable E X G interactions, and if we had used twins we could say more
about that. This is, in fact, our planned next step.

In a second study, which seeks to examine experimentally the adaptive
value of beardedness, we put beards on some figures in the Thematic
Apperception Test and used the regular version as a control. We found
that for our male respondents, but not for females, the bearded figures
tended to come out in stories as more independent and higher in status.
T'o eliminate the possibility of stereotyped responses, we plan as a second
step to present the pictures subliminally, using a tachistoscope, so that
consclous registration is avoided. In this technique the judgments and
associations are made to a neutral “masking” figure instead. This method
may be used with a wide variety of facial expressions purported to have
phylogenetically adaptive function (Freedman, 1967), such as blushing
with shame, reddening with anger, the direct vs. the indirect threat-stare,
and so on. In this area of facial responsivity, one might well use a twin
population to study genetic variation in the elicitation of these behaviors.

As a final word, I should like to offer an evolutionary definition of per-
sonality. It derives from our work with twins, some of whom we have
now followed from birth through six years. We have never had trouble
describing the nuances of personality in fraternal individuals, but we
have found 1t nearly impossible to speak about identical individuals with
the same rich detail. A little introspection revealed why. The fact that we
knew two 1ndividuals whose variation was so very much the same con-
tused and tongue-tied us. This led to the definition: Personality amounts
to an indwvidual’s unique variation on the basic hominid theme.

Just as all of our phylogenetically adaptive structures are standard, yet
variable, so too for behavior. This is what gives us our individuality, and
it leads to the trouble we have in describing two identical children. It is

as 1f we are either constructed, or else deeply habituated, to perceive and
assess another’s uniqueness. (One could make a case for this tendency

4
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being phylogenetically adaptive [Freedman, 1967].) We are solving this
difficulty by the use of films. Each identical twin is viewed and rated, as it
he were a singleton, by a separate 1nvestigator.

In closing, 1 hope the point is clear that if psychologists continue to fo-
cus on the individual, the self, personality, or any other ontogenetically
limited concept, they will be committing a major mistake. It strikes me as
a safe prediction that most correlations obtained with twin studies will

dry and blow away with time, and only those that attain comprehensibil-
ity 1n the light of our evolved nature will remain.
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V.ELVING ANDERSON and FELICIA SIEGEL
Dight Institute for Human Genetics
University of Minnesota

STUDIES OF BEHAVIOR IN GENETICALLY
DEFINED SYNDROMES IN MAN

Our interest in this topic arose several years ago while preparing a
review of genetics in mental retardation (Anderson, 1964). This review

included a list of over 50 different conditions associated with mental re-
tardation which can be shown to be genetic in origin. In some conditions
a specific inborn error of metabolism is known. In others the pattern of
inheritance is sufficient to establish a genetic basis, even though the phys-
iological mechanisms are not understood. Newly defined syndromes are
being added to the literature frequently (Waisman, 1960) .

A variety of psychological tests have been employed for a few of these
conditions, notably Down’s syndrome and Turner’s syndrome, which will
be discussed extensively later in this symposium. In many of the other
disorders a great deal of attention has been given to biochemical details,
but relatively little to behavior.

Furthermore, the emphasis on “mental retardation” has tended to ob-
scure the possible presence ot other behavioral signs. The clinical reports,
however, 1ncluded comments on aspects of behavior not readily 1identified
by IQ tests, such as attention span, hyperactivity, irritability, or
emotional instability. Some aftected children show psychotic-like behav-
10r, and on occasion the presenting symptoms may resemble schizophre-
nia (Lippman, Perry, and Wright, 1958) .

These observations based on the literature suggested the possible value
of a more extensive study of behavior in these genetically conditioned
syndromes. T'o the psychologist this approach would ofter a set of sub-
jects defined on objective laboratory criteria not related to behavior, and
the potential opportunity to relate changes in behavior with concurrent

biochemical findings. The values to the clinician might include a more

The work in progress reported here has been supported in part by a grant from
the Graduate School of the University of Minnesota, and by grant HD 01396 from the
National Institutes of Health.
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adequate measure of the effectiveness of therapy and a better way to
1dentify the constellation of problems in a specific child.

For the geneticist, behavior is an important aspect of physiological ge-
netics, tracing the pathways from genes to traits. The approach suggested
here is an illustration of the genotypic approach to behavior discussed by
Scott and Fuller (1968). Merrell (1965) has more recently stressed the
advantages offered by the analysis of the effects of single gene differences
upon behavior. Finally, the interest expressed 1n this symposium is evi-
dence that behavior genetics has reached the point where reasonably

adequate techniques and models are available for the study of behavior
In man.

I'wo general problems are involved, which might well be the subject of
later discussion. (1) Should we expect qualitative or quantitative differ-
ences in behavior as the various syndromes are compared? Reitan (1959)
has examined subjects with brain damage with a variety of tests, and his
data indicated quantitative, but not qualitative, deviations from normal
behavior. Perhaps similar results will characterize the genetic syndromes.
(4) How can we establish the cause-effect relationships involved? Any de-

nature of his disease or his response to the necessary therapy. Scheinberg
(1958), in his discussion of Wilson’s disease, pointed out that both expla-
nations must be kept open until decisive evidence can be obtained.

Which of the syndromes is likely to be most rewarding for the study of
behavior? The following factors might enter into such a decision. (1)
survival should be high enough to permit following the subjects through
childhood. (2) The mean IQ should be high enough to permit testing a
reasonably wide range of behavior. (3) The frequency in the population
should be high enough to permit the comparison of findings among sub-
jects and institutions. (4) A more adequate physiological interpretation
will be possible if the biochemical pathways are known. (5) If a means
of treatment is available, the treated subjects will generally have higher
1Q’s, and the changes of behavior in response to therapy can be studied.

T'hese points may be illustrated by some of the findings in galactose-
mia, Hartnup disease, histidinemia, and phenylketonuria. All four of
these conditions are inherited as autosomal recessive traits, and the bio-
chemical defects have been explored extensively. In untreated cases the
aegree of mental retardation is most severe in phenylketonuria, less
marked in galactosemia, and relatively mild in histidinemia, with prob-

ably no retardation (but episodes of ataxia and psychological disturb-
ances) 1n Hartnup disease. A method of treatment is not generally needed

8
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for histidinemia, but is available for the other three conditions. The sur-
vival rates and the mean 1Q levels, at least for treated cases, are suitable
for the purposes of psychological testing. Children with galactosemia and
phenylketonuria are seen in most medical centers, while Hartnup disease
and histidinemia are less common. The general features of the conditions
are described by Hsia (1966) .

Galactosemia results from an enzyme deficiency which leads to the ac-
cumulation of galactose-1-phosphate in the lens of the eye and other tis-
sues. Many affected children, unless treated by a galactose-free diet,
develop cataracts, enlargement of the liver and spleen, jaundice, and
mental retardation. A few children with the enzyme deficiency show none
of the classic signs or symptoms (Baker et al., 1966) .

Children who have had good dietary control perform significantly bet-
ter on intelligence tests than those who have had poor dietary control or
none at all (Hsia and Walker, 1961). Some with early diagnosis and
treatment, however, may show a marked distractibility and lack of con-
centration accompanying lack of interest (Holzel, 1964) .

Fishler et al. (1966) have followed 34 children with galactosemia over
a period ot eight years. About half ot the children aged five or more years
showed some degree of visual-perceptual difficulty. It was the impression
of these authors that children with galactosemia seem to exhibit distinct
characteristics of behavior not seen in disorders such as hypoglycemia or
phenylketonuria. “The younger age level children are typically anxious
and teartul 1n interpersonal contacts, shying away from people and their
peers. They often manifest signs of emotional disturbance including
thumb-sucking, nail-biting, or bed-wetting. . . . Older galactosemic chil-

dren, especially at puberty, go through stormy periods of adjustment
because of their inability to handle environmental impact.”

T'he clinical manifestations of Hartnup disease are intermittent and re-
semble the signs found in pellagra. A red, scaly rash develops during the
“attacks,” and some patients show a severe but fully reversible cerebellar

ataxia (Jepson, 1966) . The attacks appear to be precipitated by an inad-
equate or irregular diet.

T'he underlying biochemical problem involves a defect in the transport
of certain neutral alpha-amino acids (including tryptophan) across
membranes in the intestines and kidney (Scriver, 1965). One of the re-
sults 1s an unusually high urinary level of a number of amino acids.
Marked improvement in the dermatitis and the neurological signs usually
follows treatment with oral nicotinamide.

Some ot the earlier reported cases were mentally retarded, but this is
not a consistent finding. Rodnight (1961) has emphasized the possible
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implications for wider problems of mental illness. Some cases of Hartnup
disease presented as a confusional psychosis, a depression, or an anxiety
state, and were 1nitially treated as psychiatric illnesses. A more detailed
study of such behavioral changes would appear desirable.

Histidinemia was first described in 1960. A deficiency of the enzyme
histidase results in an elevated blood level of the amino acid histidine.
Aftected children show a “false-positive” reaction on the ferric chloride
test of the urine for the diagnosis of phenylketonuria. The first reported
cases appeared to have a characteristic speech disorder, but further study
has suggested a general mild mental retardation rather than a specific
maltunction of speech (Berlow ¢t al., 1965; Efron, 1965) .

I'wo patients studied by a speech pathologist showed disorders of both
articulation and language (Witkop and Henry, 1963). The children
could not move the tongue independently from the mandible. As a re-
sult, “la, la, 1a” became “ya, ya, ya.” In addition, two-phrase sentences
“were scrambled nominally, syntactically, and serially with errors in pat-
tern changing on each attempt.” Other cases with histidinemia should
be evaluated carefully by specialists in speech and other aspects of behav-
10T.

Phenylketonuria (PKU) was first recognized in 1934 through the
discovery of an unusual constituent in the urine from a mentally retarded
brother and sister in Norway. Biochemical studies later showed an en-
zyme deficiency which led to a high plasma level of phenylalanine and
other metabolites and a subsequent overflow of some of these through the
kidney. A reduction of tyrosine and alterations in the metabolism of tryp-
tophan and epinephrine are also involved (Lyman, 1963) .

Phenylketonuria appears to produce two eftects on the nervous system:
(1) a permanent effect upon the developing brain, and (2) other eftects
upon brain function which are alterable through changing the level of
phenylalanine intake. In untreated children the mean 1Q is about 30. If
a low-phenylalanine diet is initiated before four months of age, the mean
1Q turns out to be 1n the 80-90 range (Berman ct al., 1966) . It the diet 1s
started much after one year of age there seems to be less beneficial effect
on I1(Q) measures. However, 1t has been reported that other changes might

be observed, such as an increased attention span or a decrease 1n seizures
(Bickel and Griiter, 1963) .

Fuller (1967) has studied 112 phenylketonurics and a comparison
group of outpatients with other conditions (most of whom were re-
tarded) . Separate scores were evaluated for the four Gesell test categories.

Among the phenylketonurics the adaptive and language areas were most
severely affected, while motor and personal-social development were least

10
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severely affected. The pattern of scores was more evenly distributed 1n
the comparison group. Taking the phenylketonurics as a group, those
placed earlier on dietary treatment showed less impairment. However,
some individuals with PKU maintained on good dietary control since
shortly after birth showed marked retardation, and some started on the
diet after three years of age showed great improvement.

The variability in IQ and other aspects of behavior in these children
has been puzzling, but some possible explanations can be advanced
(Kleinman, 1964) . It has been assumed that affected children are alike
with respect to homozygosity for the PKU gene, but some heterozygotes
may show an elevated serum level of phenylalanine (Anderson et atl.,
1966) . Other mutant genes may produce a “leaky” or partially function-
ing enzyme, a defective co-factor, or an enzyme inhibitor. Still other mu-
tants may involve different enzymes affecting phenylalanine metabolism
(Bessman, 1964) .

In addition, the children may vary in genes at other moditying loci.
The accumulated phenylalanine must be handled by other enzymes
which may be present in adequate amounts 1n normal persons. In some
children with PKU, however, even a minor deficiency in secondary en-
zyme systems may be taxed by the increased concentration of
phenylalanine (or other metabolites) which must be handled. As a re-
sult of such genetic variation the relative concentration of secondary me-
tabolites may vary widely from one phenylketonuric child to another.

Furthermore, there 1s growing evidence for genetic variation in the ner-
vous system response of experimental animals to drugs (Meier, 1963) . It
1s thus possible that phenylketonuric children with precisely the same

blood levels of several secondary metabolites might nevertheless show
differences in behavioral response.

A pilot study was 1nitiated several years ago (Anderson, Shechtman,
and Fisch, 1964) to study two questions: (1) How do the patterns of be-
havior in PKU diftfer from those in other syndromes? and (2) Which as-
pects of behavior are altered by dietary change? A detailed study was
made of behavior changes in three children upon controlled alteration of
diet. One boy was hospitalized for ten days, a second for fifteen days, and

a girl was kept at home with visits to the hospital for observation. All
three were about six years of age.

Each child was 1nitially placed on a diet providing a total daily phenyl-

alanine intake of 17 mg. per kilogram of body weight. The diet was
similar to that used routinely for the children in their homes, and in-

cluded a Lofenalac cornstarch pudding. On the fifth day a milk and egg
cornstarch pudding with added L-phenylalanine was substituted, raising
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the total daily intake of phenylalanine to 100 mg. per kg. of body weight.
Fach child was tested three or more times using the Merrill-Palmer Scale

Or appropriate items selected from the test, Actometer ratios were ob-
tained as measures of activity level (Schulman and Reisman, 1959) . Fast-
ing blood samples were used to determine the level of serum
phenylalanine. Urine collections were made over 24-hour periods, and
the samples were frozen for later biochemical study.

In two of the three children a decrease in 1Q scores was associated with
an increase in serum phenylalanine level. More significantly, variations
In performance on the subtests appeared to reflect changes in speed of
pertormance and in perception of error. Hyperactivity (i. e., undirected,
random activity) and distractibility decreased on the low-phenylalanine
diet. Perseveration was less apparent, tremors decreased, and critical abil-
1ty seemed to improve.

These results provided evidence that certain aspects of behavior may
change within a few days after alteration of diet. Two further problems
became apparent, however: (1) What are the effects of learning with re-
peated testing over a short period of time? (2) Can the results from a
short-term trial be used to predict the effects of a long-term use of a
high-level diet? A child’s body may possess compensatory mechanisms
whereby some of the detrimental effects can be minimized and a high
level diet more readily tolerated.

At this point we adopted two major changes in research strategy. (1)
l'ests were chosen which were appropriate for repeated trials and obser-
vations. For example, tasks using a modification of the Wisconsin Gen-
eral lT'est Apparatus have been given at approximately weekly intervals
until a plateau is reached before a change in diet is instituted. (2)

Instrumentation was employed to provide precise measurement of re-
sponse latencies.

lesting 1s still underway, and the data are not ready for publication. It
1s possible, however, to review two different types of tests, each on a dif-
terent population, and to discuss some preliminary impressions.

The first of these studies involves 12 phenylketonuric children who at-
tend the PKU Clinic at the University of Minnesota Hospitals, under the
medical supervision of Dr. Robert Fisch. They range in age from five to
fourteen years and in 1Q from 43 to 104, At the time of testing, seven
were being maintained on a low-phenylalanine diet.

T'he Minneapolis Board of Education permitted selection of a control
group tfrom the elementary schools matched with the experimental group
for age, 1Q, sex, and race, with our further stipulation that a control sub-
ject should not come from a neglected home or have an obvious motor
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disability (such as cerebral palsy). This control series turned out to 1n-
clude two children with Down’s syndrome, but the remaining ten are not

known to have any identifiable clinical entity.
Data from a psychomotor test (developed by Dr. Auke Tellegen) on
these two groups are now essentially complete. This involves automatic

recording of responses to five tasks: tapping, two pegboards (large and
small pegs), finger dexterity, and steadiness. Each task is performed twice
with each hand. The score for tapping is the number of taps in a 12-sec-
ond period. The next three tasks involve progressively finer motor
control, and the individual is scored for the number of seconds required
to complete the task. The score for steadiness is the total number of sec-
onds that a stylus held by the subject is not in contact with the rim of a
hole into which the stylus is inserted (for an 18-second period) .

We have been able to secure additional data from a normative sample
of school children from kindergarten through grade six, with six children
from each sex from each grade. The children were selected by their
teacher, with the only stipulation that they were to be of “average ability.”
These data show an essentially linear improvement with age for each
task. The mean scores for both the PKU and the control groups were sig-
nificantly different from the normative data on all tests.

The scores for each pair (PKU and control) were then compared for
each test, and a judgment was made as to whether the score for the PKU
child was better or worse than the score for the control child. The nor-
mative data were used to correct for any intra-pair differences in age at
time of test. Sequential analysis based on pair differences indicates that
the PKU sample 1s farther from normal than the control sample just at
the five per cent level of significance. These results would appear to

suggest that the observed motor dystunction in PKU 1s not simply a gen-
eral function of the level of retardation.

A preliminary analysis taking diet into account, however, suggests that
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