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-There are numerous biological and environmental factors that place

an infant at risk for later developmental disabfility (Parmelee & Haber,
1973, Sameroff & Chandler, 1975, Hunt, L975): t is almost impossible

to study all asvects of this problem at once. Yet, in selecting varia-

bles to study it is helptul to remember the complexity ot .transactions

- p ,
between the Iinfant and environment. We will not attempt to present a

comprehensive review orlal} variables that place an infant at risk or

all possible assessment techniques. Instead we will discuss how we

-

addressed® this problem and how we made our selection of assessment tech- '

l v
niques. We realize that others might make entirely different selections

based on the same information with equal justification.

In our study we decided to focus primarily on infants initially

b
.considered at risk because they had suffered hazardous biological events.

This is qf ére;t interest to physicians who are hopefu; of\éiiminaiing
thoqe‘hiological events égnéributihg most to developmengal disability.
Phvsicians are also iikélv t; be concerned with Iater‘bioiogica isa~
bilities such‘as cerSbral palsy, seizureéi impaired hearing or vision,

or severe retardation. 1In part this 1is because tHese outcomes are more

o
-

definitive than those developmental disabilities that include milder

b
kS -

degrees of retardation or affegs disturbances. On the ofher hand, the

"latter are by far the most important social problems in terms of numb'r,

of individuals angd cost to society. '
A 3 N \

We.are concerned with the total adaptatién;of the infant to his

environment regardless of any biological deficit. A°child with a motor
. « ' & ’
or sensory handicap or seizure disorder who progressively compensates

sufficientiy 80 that he does well cognitively and affectively removes

/- Z




’ .,‘ .. _‘ ‘i
himself from the risk categorv. He no longer has a developmental disa-

A

. ; .
bility in the cognitive or affective sense. On‘ghe‘other hand, an
A . & e >

. | , . |
infant with no manifest motor or sensory handicap ‘or sign of n9urelogica1 |
\ : . 2 5
" disorder who persists in poor cognitive and/ér,afféctivg per formance is . 1
v . N 1
- |
! ‘ a child we consider continuing at high risk for later developmental dis- - i

' Y . E3
abilitv. Thus, for us developmental disability is defined primarily bv
cognitive and affective performance. \

. This concept of developmental disahility 1s best suited to the

.

sfudy of intervention précedures which are directed®at helping the infant

. adapt to his environment succefsfully despite any biologiéal deviance. .

Tt recognizes the fact that we will probably never sbe able to eliminate
all biologichl defects, not only for lack 6ﬁ knowledge, but also because”

of lack of social "application of available knowledge. . i

4 . : R 3

‘The next quéstion 18 how early and how precisely can 1ﬁfants be

: iaehtified for -developmental risk. To classifv all infants as at risk
whose mothers had some unusual event occurring du;ing'pregnancy, labor
or delivery or who suffered some neonatal problem results in as many 'h

as 60% of all newborn infants being plaged in a risk category. However,
R -~

- s . .
most of these babies will do well without particular intervention. We

Q(’ negd tokbe more prec;se-in a definition of risk to ayqid@iitii labeling R
\ of infants and waste Bf'manpower in needless surveil}ance\and inter-
- Yentiog (Rogers, 1968). ’ . i .
- ' | The qéngept of a‘continuum of pregnancy or a1conpinuum of casualty ﬁ

implies that outcomes for a variety of préknancy and perinatai events

may have both lethal and sublethal oufcomes (Lilienfeld & Parkhurst, B R

“1951, KnoBIOCh &'Pasamanick, 1960). The sublethal oﬁtcomes include |
: i |
< . . ‘ ' |

‘ |

K




neonatal morbidityv and 1der developmental disab;dggz: This suggests

that we can isolate single prenatal, perinatal, or neonatal risk factors
. ‘ N ¢

bv identifying those associated with the highest mortality aqd-morbidity

¢
in the neonatal period. However, there have been no, or very low, corre-

. .lations between single obstetricdl events and later outcome (Buck et al,

'.\ '1969, Niswander et al, 1966, Nelson, 1968, Parmelee & Haber, 1973). The

y
v ugse of clusters of such ‘events has been somewhat more successful for *

¢

predicting outcome differences with groups of infants, but, not for “ﬂ
individual ananté. Fven such gl&%al.and clinically significant cate-

gories as neonatal hypoxia or prematurity are not strong predictors of

- developmental disability for individual infants though the incidence is
\ . . . \
- {Wﬁssgmewhat greater in these groups than in the general population.

There are Several reasons for these findings. One is that many

.-

prenatal, pregnancy, or perinatal risk events result in transient brain
insult rather than permanent brain imjury. Another is that environment-
. al fgctors.may have a stronger influence on behavioral outcome in’ some

instancegs than these early biological events (Graham et 'al, 1962, Drillien,

/

1964, Braine et al, 1966, Wiener et,al, 1968, Drage et al, 1969, Werner |,

.

et al, 1971, Hunt, 1975). L

.~ In devising our risk score system we decided to)consider multiplé

factors as gumulative in determining degree of risk. We also wanted

- »
S~ ”»

! "\;!use a str§tegy"of mbltiple short term predictions that take into
a

PSR e ‘cn‘,“,,,ﬂ,ﬂl*
oy !f >

A »
£> ount ongoing change, resultiag from transactional processes between

. ~

the indibidual and his‘envi‘zj\onment,° The risk score system éénsiderp Co
i . o 1 ’

t Q\Eii;owing clinfeal obseryations: 1. Many perinatal problems cause

- v o T 4 .

4 S

>

. . . i
only tr ient insult, rather than p¢ nt brain injury. Thus, in the

. P i
S 3
y : g2
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hnewbarn period, babies may appear equally 11l upon examination but some-

‘wil} recover completely. 2. ~Some pregnancy and perinatal préblems'

" cause brain injury that\is not manifest in obvious ways in,theyneonatal
period,,bpt, the déviance becomes more evident as complex behaviors
unfold during infancy. 3. Some parénts ?ppear intuitive1§ able to
provide an optimal environment for an infant with mild neurologiéal
devia;ces thus %llowiné hiq to compensate. .

With tﬁese points in mind we decided that a useful r;sk scoring g&s—
tem miéht be one tha£: Scores preﬁatal, natai, and neénatal hiolégical
events and neonatal behavioral performances in an additive fashion:
assesses the infant in the firsg months of 1life to sort’ out those
i;fants with transdent brain insult from those with br@fﬁ’lnjqry who
remain deviant: aésegses the infant again primarily on a behavioral

\Hgsis.latei in the first year of life, providing time for environments

ave an effect on Qevelopmental progress..

. .

-The risk score system £:§intenqed to be applicable to any popula-
tion. Howe er, In our study we have concentrated on infants born pre-
term in order to deal with a sample that might have a larger number of

infants at high risk than the general newborn population (Parmelee et

al, 19758, 1975°). .

- As soon as each family\joins our project, they are assigned to-a

»

team composed of a public healt nurse and Qediatrician? There 1s
. .
frequent contact between the team a the family in the form of home

visits, well—Baby clinic appointments, d teleptione calls. This type

*

of supnort gervice {1s helpful to\ggl the paraqpts and-theig,ehgldren, and

facilitates our longitudinal evaluations.
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. Assessment Techniques g Ty
T/ T / . .
L - . ‘
Having discussed our general stratepy and the information on which we = &

1
based it ve will \discuss the specific assessment techniques an? the ration- -

-

-t B
ale for their selection. Our risk scoring system consists of five neonatal
1

|

measures, four measures at 3 and 4 months, and five ;t 8 and\Q\mbnths. THese !
are listed in Table J. 1
|

|

i

!

-
’

«

All tests are administered at the ssme conceptional ages. Coéncept- |

\ S
ual age is the age from the onset of the mother's last menstrual period to
time of testing. It 1is equal to the‘gestational age plus age from

’ . » ) ™~ ?
birth. Thus, a pre-term infant of 34 weeks pestational age at its expect ‘ |
ed date of birth will have a conceptional age of 40 weeks, the same

¢ ¢ « F

8s a newborn full term infant of 40 veeks gestation. This concept makes it

- . |

.

possible to administer tests to pre-term infants of varving gestational ages

and full term infants at comparsble hiclogical conceptional ages (Parmelee

-~ i

‘ : : |
and Schulte, 1970), In the following paragraphs we will discuss the assess- |
. |

1

1

ment techniques in the chronological order in which they are administered.s
. .

. Nbstetric and Postnatal Complications ~

Mur first' formal evaluatfons are made in the neonatal period at term, ,S;

but, we also wished to assess hazdrdous events that occurred in the prenatal,

E

natal or nostnatal periods. . Tor this latter purpose we developed two measures

’ \

that are cldsely rglated. The first measure, "the ﬂtetric Complications’

N
° s

Scale (0CS), covers events rélatif to the prenatal and natal periods, includ-
' ¢
\ 1’
ing the onset of resniration and Apgar score. The second measure, the "ost-
- v ' |
natal Complications Scale, covers risl: events occurring following the Apgar .

’

assossmggt through the first month of 1ife. It is our impression from re-

view of published studies that acute natal ev$hts mav he high%v associated

- «

with neonatal mortality, whereas maternal chdracteristics, prenatal, and
. / . . R

neonatal events are more likely to be related to long term develépmjntal outcome.
. v

-

i

i

|

. I “ o) -
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-
“The OCS consigts of 'a 1ist of broad categories of items whieh can h

[ -

o defined as optimal or non-ontimal. These include maternal characteristics’

>

A .
; b 1. mother's ape, health, and prior obstetrical historv. pregnaniy *events

-~
+

' . » . +
auth as {llness, bleeding and hypertension: infant items relating to hirth

events, onset of respiration and the Apgar score, This system climinates

.. the problem of dealing with an almost infiniEe list of possible hazardous,

»

J\Q}atgd events. The assessment is self-welghting based on the assumption

4

/ . ) .
that if a non-optimal event is particularly hazatdous a chain of associated
non-optimal events will occur. For example, the loss of a point because the
] . ~ . .

) mother is ahove or below the specifiea age or because of a bleeding enisode
e : .
ngina.tye pregnancy will Ye of no cohsequedce if no. other events occur. . -

. N : ) —
On the other hand, a mother above the optimal age, vith hﬂpertensioq, might 7
I ~

[

|
. o . i
have bleeding due to abruptio placenta which necessitates an emergencv ) ]

\
¢ L]

faesarean section. Her~infaﬂt,mi§h; have an Apgar score of 5. This chain

of events, would result in the loss Qf a number of points and a deviant

-~

ndn-onfimal score. This system is de‘?ved from the optimal scoring teEHniqqg

having been validated by neona%al behavioral measures rather than Infant

morhiditv: or mortalitv, ) -
. ’ PN N »
. - Nther t¥pes of scoring systems also have heen developed. For example,

Yeshitt and Aubry (1969) examine maternal characteristics and prenatal
/ ‘ ' !

. / rrohléms i&iorder to‘identify the pregnant woﬁip at risk-for delivery diffi-
, Yty later @ubry aAd ngnington (1973) added 2 %abor Index for ésqe<9;nﬂ‘ s
{ntrapartunm events— Another coéﬁrehensive techniqu% is being'gsed by Tohel

, a;d his associates (1973). This group used a scoring svstem cdvering three

. , phases prenatal, intrapartum and neonatal. Tt difﬁgrs from ?urs,in that

the fntrapartum phase ends*with deliverv and onset of breathing of (jc .. ant
[ - -)/ s B .

, is included in the neonatal portion. The advantage ofr this system 1s that

-

developed by Precht] (1968). His method has the additional advantage of ™

A




data from each phase can be used to make predictiofs reearding events in
- \ - -

. succeeding phases and the items can be weighted .on this ‘basis.” Nowever, the
¢ - ’
A Y -
- " ) ) . .. ; .
We also have a method for scoring hazardous events occufting in the

first month of life but after the inittal adabtion to extrauterime life in.

-

the first minutes after hirth which are included {n our ncg.‘ We call tﬁiq

our Rpstnatal Complications Scale. This is_particularly important for-infants

«

horn pre-term wvho commonly ‘have many probtems inthe first weeks of life. It

—

{s also aoplicable to the full tern infant. Again, as vith prenatal and

natal problems, listing all possib]deuntOward events was_unwieldy and insuffi-

5 .

“~

cient data exist to select or weight specific items. Ve coula-not\find a
qcorinw system that met our needs and would also be applicable for medical

redqtd5~avdilaﬁle in most hospitals. Most systems used today have used ’

~

s;nyle items or clustered perinatél and neonqtal events (Prahmﬂen:al 1957, .
{
- 9 4
_ﬁ;ik at al, 1965, Werner et al, 1971). The neonatal portion of the scor-
. o - . ‘4

. 3ﬁ§i§ystem §f Hobel et al (1973) woulqghave been appropriate had we also

’
W,

* 0 - .
u::d their prenatal and intrapartum scoring svstem. The optimal scoring

»

technique seemed appropriate here too, Fnd apain,, could be designed to be
self weighting. For example, an 1infant might have respiratory distress but

¢ - N g
no other problems and lose only one point. Ilovever, if thé respiratorv
. “.# : ’
distress was severe he might also have a metabolic disturbance and infection

A\l

. and lose a number of.points resulting in a deviant non-optimal 4core.
. ‘ “ ( '
; &eonatal Assessments

a

’ .

‘s

The assessment of neonatal behavioral:andxneuronhysiélogical inteority
: : '

1

| poced several Jdifficult probhlems; particularly tho question of «hen to do

- .

evaluations. Uhileé“there are several assessment techniques that define .

‘ ; . 5
maturational® sefuences «in' behavior, sensory cerebral evokdd responses,

~

. o ' 0

».outcomes refer to medical complications rather than to infant behavior. \
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) ment of behavioral organization, electrical activity of the cortical

. w -
electroencephalogram, ahd sleep states, none deal sufficiently with the

14

range of normal and abnormal characteristics agythe various gespgtionéf -

N -

ages, so that deviance may be deférminéd.t'They wérefdesigned:for anéfﬂ;r
pﬁrpose'which is to determine maturitv of the negyous'system and defiﬂe

gestational age (Grazianl/et al, 1968, Parmelee et al, 19688, Amiel-Tiﬂon,
. ¢ -t -

s e e
w o -
N L

1968;>Dubowitz & Dubowitz, 1970). By doing our behavioral and neuro-

Physiological assessments at term conceptional age, 40 %eeks, we can
g s

b ¢ \
use norms established for full term newborn infants and compare the

’

Tesponses of the pré-term irfants arrived.at this age with the term born
infants. This gives us a measure, of whether the neuﬁgiogical organi-

zation of the iInfant born pre-term is progressing as well as that of the’

£

infant carried to term,

. Nf the neonatal neuqolpgical and behavioral measures I will discuss °

il

the sleep polygraph first. Itu}s the oﬁly available combined agsess-
l I

o - “
neuropil, and the cybernetic coordinating mechanisms of the nervous

L]
“
-~

system. It is alsqi our most }bm‘p’l'i’cgted measure from the standpoint

. ‘ '
of fhstrumentation, and'is the most difficult for the parents to under-

stand. = The sleep.pof?graph consists of the simultaneous recording of

electroencephalogram (EEG), respiration, eye movements and body move-

ments., The recording extends over™a two hour period after a feeding to

Al
A

ensure the possibility of including a complete cycle through active and

quiet sleep as defined by the non-EEC parameters, eye movements, ‘bddy
[ < s » ’

movemerits and respiratory pattern, Ouiet sleep is characterized by/no .

boéy or eye movements ard regular respiration.and Active sleep by the o

présence of eye movements and body movements and irregular respiration.

s

[
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-

/s

o
.

Periods when these criteria are not'ﬁmt are coneidefed as undifferentiated
and are called transitional sleep because they uqual%y occur at the onset

of sleep and during shifts between states. e ‘ a
. - "“rl
State orgarrization as defined by these three parameters reflects the
»

development of cybernetic controlling® mechanisms of Jscending and descend-

.ing activating systems in both brain stem and higher centers. Ehe EEG

~

A
reflects activity in the cortical neuropil which varies depending on 31
degtee of control by brain stem pace makers. We have defined four EEG

patterns’ that occur in normal full term newborns and the frequency of

occurrence of-each pattern in each sleep state identified by non-EEG

parameters. Thus with a sleep pongraph we can assess the level of N

development of sleep state cybernetic controlling mechanisns independent of FFG

»

since sometimes these are well organized when the EEG 18 poorly otganized.

[

i

,%an also determine whether or not 'the expected frequencv of FEG patterns

-

/
is pre8ent regardless of state and if these patterns change concommit—

tant with state changes (Dreyfus-Brisac, 1966, “ Parmelee et al 1967

1967 . 19682 , 1968 , Prechtl et al, 1968, 1969, Stern et al, 19f9, i -
Anders et al, 1971). . >

¢
.

We have established an optimal expected score for e total poly-

graph and points are lost for each item not meetdng our specified

4
=

S

expectation. An infant could end up with a non-optimal total either

[
v

because of poor sleep state organization independent of normal FEG

.

patterns or normal sleep state organization without the expected EEG

pattern changes or both.. Of the latter, the most cofmon deviant find-

[N

y ~ . .o .
ing is the persistence of a single EEG .pattern through all state changes.

. . ’ 8 . '
This EEG pattern nayiappear.quite ndrmal bnt seems to’he locked to s;Le'

- s * . . 5

-9- - )
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. unknown pacemaker independent of the other:sleép state parameters. 4
Since a non—oatimal sleep polygraph mav be trangitory as with any

]
. other deviant findings on our. agsesgsments. it is done at two ages, 40

s weeks conceptional age (term),sand 3 months past te ,,53.weeks:con ep—*
~ .
- tiontage. Persisting deviance in the second record is considered to’

be -of additional significance and will be reflected 1in the cunulative

s

[} \ 4 -
risk score by two non-optimal scores. As previousix»stated if the ) .

sleep polygraph:has signgficance with respedt'to the behavior of the - ,

3
f " scores on the behavioral measures.’ Y a .

. ‘ .
a - -

In 4ddition a clinical neonatgl neurqlogical examination was con-,

NN

infant then the &anme baby would be expected to have so)e‘non—optimal ) : rfbw

sidered important since it could identit'y a d‘ifferent ?zroup of neurolog- '

f*\
ically .deviant infants, thag.those selected’ by the'sleep po}ggraph. . <7-
' Sugl. items 8s hypotonic or asymmefric resgonses of the exfremities

or deviant eye movements mlght ,Jbe er. tlcel but would not be noted s ‘. .
’ _ .

. .0 tne sleeu polygraoh. Therte ‘sre severeb‘ngl de81xned - . ', %
L | ST . |
newborn neurological examinations available particularly those of " - i

’ s

éé?, a G?aham (1956); Prechtl & Beintema (1964), and Brazelton (1973) e e

B
most extensive nednatal and follow-up validation studies have been wié% , f

- ‘y

the Graham and/;rechtl eXaminations (Grahag et al, 1962, Prechtl, 1968, Roqen- :'

»

blith, 1974). Any of these might ‘have been selected. The Prechtl and Erazelton

examinations take the longest to adminigter and do not result in a .
* & numerical summary score. Both factors were jf some disadvantage to us..

. . e - ) . .
For seyeral years one of ys (Parmelee) has been developing a newborn ' i

y fa .- ‘ .o -
. \ ‘neurological examination that is ishort, easily adhinistered and not
¢ - o
gnduly ptressful to sick infants. The examination assagses organ;zed >
/’ ) .‘ . Q ". s
® .patterns of behavior, myotatic tonus, and states of arousal. We-have,//
: R N

-10-,

L 4
-
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4

.
;

~

norms for our newborn neurological examination for full term infants and

‘e

have found that it is equally applicable to Pre-term infants at 40 wééks}
t

.conceptional age, which 1is their expecte& date of birth_‘

. IS : ) .
We also wanted to, explore visual responses in early infancy. At

term conceptional ages the infant'é_atgentiqn té a 2 x 2 black and whitg

checkerboard and to' the séme checkerLoard i1luminated with’fiashing‘

lights is observed and ggcorded. This test follew§'?he-newborn neuro~
LY ! - -

logical examinapion, which 1s)arousing for most ‘infants, and a brief

' : \ v ‘

feeding period aimed at calming the child-.

‘
™

. . -3
. . . . v
Rather than scoring best performance over a series of tests, we
; _ ! -

-

have thosen to measure pérfqrmance follo%ing a stapda d situation

- -

which appeared tJ maximize attentiveness during pilo

qgstin% (Sigmgn
et.al, 1973). . The aim of this measure is to ide

fy the balance that

- * . - ’ \
an individual infant is alle to maintain between his responses tg exter-
. - /‘

nal and internai stimulation. In pther words, the infant who is able
. .} . .
\ ’ . .
to suppress Internal cues in order to attend to the visual targets-
a0 ) ;4: H ‘ -
will show a longer duration of attention than an infant whose internal

3

el . .
states are overwhelming sor whose tie to the environment is weak.. The

o -

ability to sustain attention during early infancy may be a precursor

of curiosity;in the child. Furtliermore, interest in the environment

3
4

and cognitive development sgem closély .linked. An infant with the capa-
. > o

bility and motivation to interact with his world may have additional
+
advantages in his opportunities for learning. i{
. . \ L.
As an alternative to studying attentiveqessiyone might examine

visual preferences. Preference for novelty would not be a viable thige
{ .
since the tenden¢y to habituate seems limited among_newborns. However,

-11-
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recent work by the ﬁroup;from.Case Wéstern Reserve UIniversity suggests that.
- “ ' "?' . ' ’

+the ahsence of certain visual preferences may hé’diagnostic of poer develop-*
. ) = ‘

. -
£y

ment (Miranda this issue). One difficulty in examining \isual preferences
in newborns ig that their attention span is l1imited and suhjeci'tp staté

N
fluctuations. Any test of newborn preferences would require frequent- re-

1§

L4

Four Month Assessments { - T

As we moved to our studies of the older igfant, the purposes and ‘

~ °

‘tests ahd this 1s d1fficult fo «do with ailafge study 6oou1ation.\ /{ . 1
i

tvpes of assessments changed. At four monthsl Fhe evaluation of vistal_ 1
rreferences is feasible w{thin one test period and can be used with a ;
1argi number‘of suhjkcts. aMost four-month-olds will sneﬁd considerable ;
time looking at visual stimuli provided the experimenter uses attraqiive, §
. |

i

salient stimyli. Furthermore, most studies indicate that four-month-

. olds show strong preferencas for comolex; novel, and face-like stimuli
8 ! p

|

(Fantz,'1964, Haaf & Bell, 1964, Brennan et al, 1966, Karmel, 1969, ‘ %

Tagan, 1970). We chose to examine the nresence or absence ;f these '?——-%
preferences in order to detefmine vhether high~risk infants showed the

same visual ?;haviors as normally developing infants (Sigman & Parmelee, ’

1974). . ‘ : ~ i

! To some eétent, the measure of visual attention at four months . , l. |

repeats the eVéiggxiqg at term in that the infant's overall level of

. )

/ .
N~ sustained interest can be assessed. However, the four-month-measure . .
also evaluates early perceptual and cognitive processés. The ability

= to discriminate stimuli, to habituate to repeated presentation of the

o L 3

same stimulus, and to show differential preferences for novel stimuli,
- - . .

’! .
depends on perceptual and memory dgg"bpment. These tvpes of functions Sa

' cannot be examined with other methodologies before six months of age

B

'

~12-

-

RIRTI 1




o N
gher

since the-younger infaﬁq ig €i°t capable of complex motor reqponses. Thus,

3 <

3‘ A

o] visual aptentién measures ¢ E’ perhaps, identify delavs in percepfion or
N

s memorvy, at ages when other E hniques are less useful.

o
i

T
~us,

focused on prefefende féf novelty rather than the habituation paradigm

i
\ -

as one study (Pancratz & Coh d 1970) reported sex differences using the

i

latter tecﬁhﬁque and w shed to-avoid this Kind of effect dhenever

possible. We also Gised fixed Erial rather than Infant-controlled trial B

length because most of‘the information der%ysdafrom attention studies
> . B a

which we were using had been collected in experiments using the fixed-

trial prozedﬁ%e. While infaht control of, trial length'migbt legssen the

\ incidence of distress; statq{fluctuations during testing have not proved

ing if they show distress at all, and in thése’cases, retesting is nec- .

essary. Somesinfants do fuss during the habituation trials but this 15

R ¢ " ‘
# usually intermittent and attention is maintained: in these instances,

.
[l

testing is’ continued,, . . . e

[y

- '
The most important modification to be made in the prdcedure if:it‘
. " were redesiéﬁeﬁ with our present information would be to put more empha—Q

sis.on prqgerénce for ;:$e1ty and less on preference for complexity.
We find that preferef7e for complex stimuli i1s almost universal
s b
* amoni\our infants. At present, the data has q?t been analyzed in order

to identify finer discriminations between stimuli and this mav turn up

|

. - 1

. to be a major probiem. Most infants hegin to cry at the start of test- 1
|

J

1

|

|

:
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nique that 1s sgelf ,weighting.

_gain

malitigs also cause loss of points.

. \
. N ./

differences. Howexgr, preference for novelty seems to, be more strongly

\ »

Y o ? e>
infldence® by risk status.
Since all infants are subject to illnesses that have significant ~

C g .
consequences for their behavioral development it is important to make
% ‘ .
some assessmenf of their ongoing physical development and the ogcurrence
",
of 11lln sses,,injhries

~ T

and surgical procedures. In devising such a

Pediatric complications scale once more we used an optimal scoring tech- . ¢
!

Deviance fromtan expected rate of weight
growth in length or head circumference cauQes a loss of a point

as does any illness, injury, or surgery. An additional point isg lost

if.there {1s hospitalizagion for the illness or injury.
. -

lost for severe feeding or slegp disturbance or excessive crying since /

Points are alsor
[

tho§é~eften occur in neurological disorderg, in infancy. Physical “abnor-

Soméiof these though congenital in

origin are not obvious at birth but are manifest later such as congeni-
L)

tal heart murmuré} eye. squint, or cerebral palsy and therefore are

important,items on this scale.

&
fered with the child’s behavioral develonrment then a non-optimal score

If the physical problems havf not inter--

Ay
'

on the‘?ediatric§ Complications Scale will not have a

S;jor effect on

the total cumulative score. On the other hand if the health problems

5 o

are difficult for the child and parent to cope with, then some behavioral

scores may be affected ands this should be cumulative. -~

.

Our Pediatric Complications Scale suppléments our Obstetrics and

’ 3
Postnatal Complications Scales. The Pediatric scale 1s scored at 4

months and 9 months,

post-term and-covers the preceeding period. These

time/spans are selected to correlateaugth the battpry,of tests at 4
. ’ . ‘

B . —A]:L;— .

—d
'H‘si

Il

(D




- . ’ = . .
months, and 9 months. 1In this way if there is unexpectedly poor per-
[y ° .

~

formance on some-behavioral assessment at one age period we can seeijf

anv ﬁhysical problems ﬁight achan for this. "

We use the Gesell deveiop;a§ta1 evaluation at 4 m;nths as a gIPbal
measure of behavioral developmght since it 1néiﬁde§\vocal and social
behaviors as well as motor responses. Tt is also a\\éxQellent technique

. ~

for the ‘clinical heurological assessment of infanfs in‘thaE\diVerse"

sensory and motor behaviors are elicited bacause‘p the variety of sit-

5 - “

vations presénted to the infant. For examnle, mild hemiplegias are often

more easily identified in this way than by classic deep tendon reficg

* t . b )
examinations. At 4 months of 'age, the Gesell develonmental exam is the

counterpart of our newborn neurological examination (¥nobloch & Pasamanicl, . «

1974).

Fight and Vine Month Assessments
In the last phase of our evaluation period, when the infants are

8§-9 months’gT&7~db introduce behavioral assessments that may tap differ-

~

ent aspects of cognitive functioning. The aim of the first maai:re
N H »

administered at eight months is a dual assessment of reaéh and grasp

.
~

pat?erﬁsland use of sensory-motor schemas demonstrated by infants.
ﬂPservable individual differences are evident at this age prompting our
interest iqngtermining whether factors Felating to fine mogor coordina-
tion influence early learning (Kagan, 1071, Ropp, 1974). Might informa-
tion intalgk be affected bv the infant having to divert his attention '
from object exploration to attend to control of reach and grasp?<:At
this age most infants approach a desired ohject quicklv, with arm and
hand orepositioned for ‘accurate grasp (Halvefsoh, i§32, Bruner, 1970,
- ¢

Bruner, 1973). However, a small group of full term infants and some

¢ o

~



nreterm bahies demonstrate.di{&#cqlt" in executin~ anticipatory motor

adjustments of ‘arm and hand prior to making contact with an object. We
Q -

do not know whether such behavior represents a short period of immatur-
ity and is of little consequeq;e or if it 18 related to early cognitive
development. Obtaining understanding of this-issue has ramifications for

diagnosis as well as modes of rehabilitation.

The procedure we use involves video taping the babv's initial

aipproach and grasp of a cube. The infant sits on a crib with a plat-
" .

form tray placed in from of him. After the session, hehaviors are

>

coded for evidence of approach hehaviors, prepositioning and’accuracy.

The second part of this measure is an assessment of all sensory-
9 - * ~

; .
motor schemas onstrated bv the infant when he is given another set

of tes objects;?,lgfants usuali? show manv simigirities in their use

_ of schemas alchougﬁ:idiosyncrattc behaviors are noted also. However,

.

A :

there are differénces in the freqﬁencv of use of more mature tvpes of
) ‘Ex‘ : - .

ohject exp.¢ ati&nbt(vzgiris & Hunt, 1966). Some infants may demon-

. s
strate a consiQeraﬂie amount of visual-manipulative exploration by look-

ine at the 051éct %ﬁd turning i1t around in their Bands. while other

e
®

infants may do thfgihrieflv or not at allz and instead wavaand bang

the ohject. Such individual differences in style of interacticn may

foreshadow later variations in bogniti@e stvle with imnlications for

¥

attentional capabilities.

As in the previo;s bﬁgéeyof this test, the infant is video-taped
as he plays with the tegg oﬁjgct. Two standardized ohjects are ore- .
sented each for a duration»oglﬁo seconds. Coding and evaluation of ‘
schemas are made at anotherfégmg. Fach scﬂemas, 4efined‘hy use of

LR

" operational definitions, is c&&?d for duration and frequency of

&

e

L




-

demogstraé&on. . . oo
/. . -~ . . \
" Also at eight months, the infant's interest in objects, particularly
A

N

L v

Infant is presented with a single toy for six minutes and then this’ toy

is paired with ten novel toyS'ﬁgr'ten one-minute trials. The infant's >

behavior is video-taped and later ‘observed and recorded. Duration of
./——“"_/ » ’
= play with each toy, attention to the experimenter and mother, and qual- .

1ty of play in terms of the integration of visual 'and motor behaviors
\ ! ' ’ :

are scored.

L N N ’
\ The eight-month explorator ‘ﬂévior measure assesses Intensity of ,°

BN

s

interaction with objects as well“as focusing on the iInfant's choice of
]

novel objects, 18 assessed in a meas?fe of exploratory behavior. The. .
’ \

|
novel and familiar toys. Thus, the eight-month measure follows up some ' l

of the variables recorded in the earlier visual attention measures. k\\j \ib
. ' l )
This particular teehnique was used since earlier studies had indicated E ‘.

’ . /' v
:EE\ the measure was sensitive to environmental effects and might be KJ

predictive of later abilities (Yarrow et al, 1972, 1975). Furthermore,

we wished to have a'measure of attention and exploration at eight months,

since state fluctuations are relatively less important at this age thag

|
|
%
at the earlier ages. ’ y ' _ ) 1
. Finally, we come to the last of the evaluations, those‘given to the 1
infant when he 1is nine months old. éensorimotor series explore 1?te11ect— Vi
ual development by examining infant performance on tasks considered to i
be the foundation for later intellectual development (Piaget; 1952, j

Piaget, 1954). Since our target sample was derived from a population

with a higher incidence of later intellectual problems it seemed import-

ant to include a sensorimotor series in our assessment battery. |

‘17
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)
There are several series, all developed from Piagetian theory, which

v o -

(9

have been designed to evaluate the course of intellectual growth puring

infancy (Uzgiris & Hunt, 1966, Casati & Lezine, 1968, Escalona & Corman,
\‘,_\. » (I -

. . ~ ‘ * * ) A ”n
' 1967, Gouin-Décarie, 1967, Corman & Escalona, 1969). In -general all the

~

series use tasks, similax to those described by Piaget, to elicit behav-

MEELEL T N

e

-, lors considered as represegtative of specific sensorimotor stages. -
‘. - * ! ‘
. . Some have suggested that sensorimotor series would be more sensitive .
S N ’ ’ -
T?\\\\\\\\\to differences in environmental circumstances than traditional measures

.

of infant development. aTﬁierestingly enough, the effect of milieu differ-
ences on sensorimotor performance are %ontradictory (Golden & Birns, 1968,

1971, Wachs et al, 1971). However, much of the research has focused on

. infants from different milieus and have ignored organismic differences %

\\Eﬁth\angfiEfrm versus full term birth. A consideration of both sets

of variables may show differences in s%nsorimotof performance.

After reviewing all of the series we decided on the Casati and Lezine

(1968) Séhsory Motor Series. It ié fairly comprehensive, appeared to be
reason;bly easy to administer and scorée, and could be a&m{nistered in a
ﬂjplatively shor; period of time. We also liked the appggé&h of the French
authors; their series items were designed to be chara;tqgistic of the intel-
lectual structures of Staggs 4-6. ' After working with tge series for a

hile we made a few procedural modifications although the series remains -
sentially as Casati and lLezine deQeloped it (Kopp et aly 1974)

We chése nine months to administer theix evaluation as we hoped

t mahy of our infants would demonstrate the beginning of two import-

behdviors-+that of actual search for the hidden object, and the N

nning of intentionality as expressed in an'undetstgnding of means-ends
~ ) . . ~ \ -
-18- .
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FelatiORBhipé. “These hehaviors-as well as those shown in exploration of

N
L]
/ \

a specific object are evaluated. Tn some situations the presentatiod |
. ’ N \
is structured for the infant while in éghers his spontaneous actions
. 2

®ith the presented obﬁect form the basis of his obtained score.

-~
Ri

The Gesell developmental examination is used as €he standard develop-

. . KRN LV
ment tool at\}his age. We have' chosen this measure because it provides

"not only an overall score HFf the infant's.deveiopmentél level, but also

allows us to Examine'intra—infant variability iqbrelation to gross and
. ' € '

fine qotdf‘behaviors, adaptive, language, and persbnaLrsocial develop-
. . . . \"\,.\._/ ) . I ‘ i N
ment. ’This type of analysis can’be used to infer behavioral integrity

- -

and therefore these measures are in@ependengtg\Thé other reason for

. ) .
choosing the Gesell is that its test items do not overlap with those .. -

found In sensorimotor series (Knobloch & Pasamanick, 1974).
The preceeding intrpﬁUced our measurts and now we will describe

how they are¢ used. Pilot studies were conducted on all new measures

. . . 2
to determine the range and distribution of scores. A range of perfﬁﬁg

mance scores from normal to abriormal was established for 'each test and
the ra; scores wer; converted to standardized scores with means of 100
End standard'@eviationshgf 20. 1In éhis‘way,'the scores could be treéted
as equivalent and all tesgs summég;gnd averaged to obtain a cumulative
risk score at nine months. We arbitrarily aetermined ;hat infants

having an average cumulative score of 100 or less at nine motiths would

be designated as high risk, and those with scores. greater than 100 as

°

. \ - . . ‘

louv risk. The first baifery of outcome measures or dependent variables

?
]

to determine the validity of our risk séore will be obtained at two

years of age. e -
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. To give an example of the use of this svstém we will present rish
? i
-7 ' ] ; - )
scores obtaindd fof five project infants. These cases {llustrate the
A o \

‘ porblamq of identifvin? the infant at high riqk for later developmental
'diqabilitv whatever technique ona wishes*to use (Table 2). Bab& 1 was

verv small at birth having been born 14 weeks pre>term: on this bhasis
3 N . . ’ ‘ A

~e

. . M = . 3 .
alone she was fortunate to survive. In addition, she suffered -a sig-

- a
-~

nificant number of non-optimal obstetric and poqmnatal complications.

-

+ However, of her neonatal behavioral maasureq onlv-her visual attention

oerformance was very deviant. After the first morth of life her phys-

-

ical development was normal and she did “very well on the performance

meastes at 3-4 mohtho, with therexcebtion of the 3 months sleep- poly-

graph. This reflected some deviancy. At gightrand nine nonths her

"

hehavioral performances on all mea§nres’except the hand precision and

. ‘schema assessment: were reasonable. We were encouraged by her develop-

v 1%

_mentalaprogresg despite scattered poor performances on some askessments
£ ‘ .

>
a

" at each age level, | _ Ber' cumulative risk score is below _ = .-
P . N ’ * . .
the mean of 100 so she remains at high.risk by our definition but we sre

-
.

nevertheless, optimistic ahout her futura.

)

5

The social circumstances of this Beby sre verf“oomplex.‘ﬂer mother
.~ . N \
1s an alcoholie\and/an epileptic and is seldom able «to.care for the -

babv. Currently the parents seem to bhe nermanently separated. The

>

. father has managed well in caring for the baby with the help of.neigh-
° k"

bors. Thev baby sit for him when he is working, although at presenpt
hexis inemploved. * Nur public health nursa was able to be of conside;— ¢

4

ahle help to the father in organizing care for the baby Given this ‘ s

o




* . - . - ",- . - (\

a *

of 1life of thig

aaverse eﬁvironmeﬂt and the very hazardous heg;gning

\

-

. ! . 1 -1
‘childeit is amazipg she is doing so well. N ,

3

Raby 2 illustrates the problems of a small for gestational age

infant. He was born onlv fivg weeks pre-term but weighted only 1130

.

average slze of a babv born 10 weeks bgﬁorg term. This some-,

grams, the
v .

times occurs géth'babies born of mothers with B8evere toxemia. This

. s . / .
mother had severe seizure? at the time she went intq-labor\and an emer-
gency Caesarean section was necessarv. She remained‘ in critical condi-

4

a. . . |
tion for a few days. The baby had some respiratory distress at first

L

’  but then he improved. His term sleep polygraph was verv deviant bgt

-

the other measures were normal. His general health remained ﬁggd, after

P the initial,problemén as Indicated bv cﬁé Pediatric Complication scores.

~

His sleen ﬁolygraéh score was agaln deviant at 3 menths and this caused
L »

ys Eggzznuind concern. His.visual attention performance was also poor

~

at 4 months, but his Gesell test performance was adequate. We were very

t )

concernedngout this baby, fearing he might manifest more problems with
maturation, however, we were encouraged by hig performance on the feseld
test. At 8 months his hand precision and schema performance was poor

”**_ but his visual and manual exploration of objects was pood and at nine

S - months his cognitive and Gesell test performances were quite adequate.
M R 5 ’ , : .

. .The parents vere pleased with his developmental progress and did not

identify any pafticular areas of concern. HRis total chmulative score is
-balew 100 and places him at high risk as might have been expected. How-

ever, the areas of good performance and steady progress are enceuraging.
The family of this baby sre middleclass. The primary complication
~ v
‘here was the threat to the mother's life at the time the baby was born.

!
\J
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For this reason the family has been advised by the ohstetrician not to

_ have anyfiore children. Thus.all their attention and ;;ﬁterns are focused

~ -7

on this baby. This is potentially a hazardous emotional situation which b
- . . . @
the\Férents have managed well so far. . ' ' L
Pabv 3 was born 7.weeks pre-term and was averape size for this 4

1

length of gestation. jhere were significant complications during preg~
\ . 2

naﬂEv and delivery and in the neonatal period. His sleep polygraph was
A * , 1 -
.somewhat deviant but his other behaviors were normal. Hisfsleep poly-

~

graph continued to be deviant at 3 months. His 4 months Gesell test

3

performance was lowered primarily because of some motor difficulties
ho«ever. hisg social{and visual awareness was good as evident in the visual .

attention score. DNuring the next few months, hefore he was 8 months past~
N < ’

term, 1t was apparent that the motor difficulties seen on the 4 month,

. Ggsell test were earlv manifestations of cerebral palsv involving his arms

and legs., This/Was verv mild at first but became more prénounced with

L]

‘maturatdon. Wis moté%—handicap influenced all of his eight and nine

N )

months scores adversely. In this child there was a progressive,

deterioratio% of performance rather than the steady progress noted in?lthe

I3

previous cases. His cumulative risk score is below 100 and places him at
high risk. ClTfRicallv, we feel this bov has good intellectual patential
which was manifest in como]ex social interactions.. Ilis good 4 months visual

,‘ . . L
attention performance mav also be an irdication that he can use visual

mechanisms to sustain his cognitive growth.
. . ‘ 4

The parents of Eaby } are Beth professionals who had had consider-
able experience with handicapped children. They also knew of the hazards

* of preterm birth and were fearing their child might be handicapped.

- N
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4

»>

Lo i Infortunately their ?ears became‘reality.' They have coped well with his
T gerebral palsy but with‘almos!ﬁfgo much ‘effort to ﬁrovide a compensating
. . .

. - ¢ - !
environment resulting at times in what appeared to be-an over stimulat-
1 . : ' ]

. -

<% -

a .
ing environment.

: * Baby 4 represents the relatiyelv benign course of manvy infants heorn

?

. onlv five weeks pre-term-and of norﬁhl weight for this gestation. Txcent
. . » LY

for some neonatal medical prohipms indicated in his postnatal scompliga-. o

- .

. tions score his other scores are all good like those of habv 5, a normal
full term infant. The cpmulativé‘risk score is above’l00 so he is no <

longer considered at risk .in outr svatenm.
1

a~

.
»

The parents of this hahv are hinrh school graduates and the father is

a labor foreman.. THev have two older girls and hadn't rlanned on another.
. . ¥

child. " Movever, thev have been very pleased with their baby bov and have I

.~

’ -

~ ‘ v

e ——goctor. .. ’ : .

F o3

- . *
never heen concernoi/éQOnt him. Thev placed fev demands or the nurse or B
[

. Although babv 5 represents a normal full term infant with good per-

f »

formance at all ages with a good/ cumulative risk score still there are

/

# -

scattered poor performances on isolated tests. We expect that normal
“ L I Al

infants may do poorly onm some tests oftén for extraneous reasons:that

\ we cannot control. llowéver, the cumulative gcore concept should prevent

a sporadic poor performance on anv test from producing a deviant risk.score.
* » .

.

The mother of babv 5 1s a skillful mother and very knbwledgeable

. . ’ .
about child development. She has made maximal use of all the help the

. doctor, and nursé could give her in furthering~her knowledge about babies,

. S '
but. we feel she would have done very well on her own.. ‘

R

These cases provide an example of how the risk score system is : .

aqrived from the infant's history, and performance. - ST g
. - - - .

v
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.We have two primary P rposes for'our asseSsment sy%gcm one 15<qo '_ . O

[} L

. é;:\‘ 1dentify infants At high isk for later develonmental disability with greater

LY

" aecuracy than has -baen possihle in the past{ and{ the other is to define_the
3 . . <

' N N 4
‘areas of deficit with greater sﬁecifﬁcity.

%,

To do th&s we have desipned a cumu}ative risk system that features the
. 4 : ¥
use of. muttiple_measures. We expect shat the most valid predictibns will be

)
.« made using’ cPUstefs of these measures. ‘The strength of the approach used ' -

is that it will make possible the ident&fication/of the%contrib tions made - -

\j by ‘the various measures independently and in comhination. With .this "

“ .- N .

. ‘infcrmation it may hg‘poSSibie to desipn a more effective system either by

- eliminating certain measures or ué&lizing a weighting system. In addition .. *t:\
P T S
’ v
ZYe strength of the $g£ibus components of each measure céan he evaluatnﬂ in -,

{
lation to risk score and later performance so the indivfdual rmeasures can

. be evaluated in relation to rigk score'hndolater >Erformanco so thc imllvi1 .
' S » [
' " dual measures can be improved. e anticipate that the risk score system ¢ ¢

‘' .
will be applicable for infants identified as at risk for developmental ‘dis-

abilities due to environmental ‘pd/og hiOIQgtcaI factors. - . #‘ -

" Our research goals are complex and the fulfillment of the goals is de— - T

<

manding. The task is made easier by having adztrong clinical services

‘
It

team who proVides a program of medical and supportive care to the project ‘

t PR T - 4 S
“

famiffes ~fvery family 1s assigned to a team of a pediatrician and a puhlic
= T
o . v ~
nurse and consulting social worker. The qoctors, nurses; and'spcial worker ° '

have all been trained in infant developme%t, well baby carc, ané.familv ‘ {

A 3 '
counseling. Contact is made in the nursery by the doctor or _nurse with a '

’ follow—up call made 24 to 48 hours after the baby has gone home, a home ! E
‘ " . . . ,/ . .
- .o . . /- t
) X ” _24‘ & - w‘
Q ) RIS ’




visft by the nurse one week later, and clinic visit starting at two, weeks

of age. From then on the frequency of phone calls, home visits and ‘clinic

~——

visits depend on faT}ly needs bhut ?re never more than a month apart,.in the

4

oA .
, first year and every 2 to 3 months in the second year. Spanish speaking
L families are assigned to'a Spanish speékihg nurse or a Spanish speaking

~

-a Social Work assistant who translates for the nurse and doctor. We feel

-

‘ ac. L
this form of non-speclific intervention 1s established as helpful and should-

\

VN .
be standard care available to famie® evervvhere.-

N V'We recognide that despite’ this help there will be some iInfants with

.

perqlétlné degzlopmentél problems. These infants are likely to be those

[

‘ with-biological problems, which even though mild, make them very vulnerable
L3 ~ ) -

" 't any adversity in their environment. Ve believe that a special intervention

b program is necessary for them. Tﬂerefore, we have established a program that
as

]

1s individualized for each infant, and focuses on the mother as. the major

mediater of change. This educatfbnal intervention extends from the fimg that

- . the child i{s ten months until he reaches two years of age (Kass ot al, 1975,
: le are pointing out these two kinds of intervention becguse some people

°
3

J "have the impression that we‘are\oppqsed to any type of ing;[:ention before

Q montﬂs of age. We feel thaE there 1is a great need for the kind of parent

. counseling and assistance that ig provided by public health nurses and
* - N - . !
pédiafricinné, but for all infants and parents, not just those considered _— -
. at risk. - )
. »

~ - .

We are concerned about labeling infants "high risk” very early in life,
> . ) \\ )
. particularly in tM{irst monthg of life; Such a labei\can be ery disruptive

to caregiver--child attachment and interaction. Considerable damage can be"
. *

done by unwarranted labeling of many infants corsidered at'biological risk

« Y a . -
in the neonatal period who will do well without a "specialized" ‘Intervention
’ f .

8 . »

¢
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“program, _We have -found that in the esrly months of life parents of infants

at risk are primarily concerned with the survival of the {nfant and the r«

organizationof their lives to accommodate the infant. Tt ig in the- latter
half of the first year that thev become concerned aboﬁt‘specific details of

developmental deviance. They are also more geceptive to discussion of these

-

problems and. more amenable to our specific  education intervention. Infants

-~

with obvious congenital anomalies or chromosomal abnormalities such ag Nown's

syndrome and severe neurological damage are exceptions and can be recognized

+

at' birth or soor after but they are only a small proportion of children
/

ultimately identified as developmentally disabled.

In addition to the problems associated with "labels" we also suggest

that early, very specific intervention programs directed at a.young, sick

infant do not take into account several factors. For eiémple; they may ever-
look individual differences in terms‘of the infant's physiological needs and
his eafly preferred modes of information intake and prqcessing. Fufthermore,
‘such programs increase parental anxieties and ignore the problem of early'
diagnosis that we discussed previously. ’

The criticai questions abhout our ¥esearch, the risk score system and
the spec;alized Intervention, cannot be addressed until the infants are
owalqated at two years of age. Significant questions concern the validity

of our diagnostic svstem and the effectiveness of intervention. Our out-

- L]

’

come measures consist of standard develonpmental assegsments (Bayley and fesell)

) -

as well as evaluation of the following competen&ies:’ Cognitive, expressive

” [

) \
and receptive 1anguage,‘persistence, and social-affectivé behaviors. The

infant's overall ability will be determined by his performance on all these

r

measures as well as scparate estimates based on the individual standardized

-

developmental examinations.

-~




Table 1.

/

i
Agsessments and age of administration.

1. Obstetric Complications

2. Postnatal Complications

3. Sleep Polygraph - Term*

4. Yewborn Neurological - Term

5. visual Attentiorn - Term

~

6. Sleep Polvgraph - 3 months*

7. Pediatric Complications - 4 months*

8. (esell Test - 4 months

.

9.. Visual Attention - 4 months

l?. ‘Hand Precision and Sensoryv “Motor Schema - 8 'months*

11, Rxp}oratory Behavior - 8 months¥* :

12, Cesef? Tasé -9 mbnths ) ' ) .

13. Cognitive-Cesati, TLeziné Test - O months*

o~

14. Pediatric Complications - 9 months*

* Term = 40 weeks conceptual age which is gestatiopal age plus

a from birth.

3,4,8,9, months are calculated from term.
: .

’

v
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