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Biobehavioral Organization in Securely and 
Insecurely Attached Infants 

G. Spangler and K. E. Grossmann 
Institute of Psychology, University of Regensburg 

SPANGLER, G., and GROSSMANN, K. E. Biobehavioral Organization in Securely and Insecurely 
Attached Infants. CHILD DEVELOPMENT, 1993, 64, 1439-1450. Attachment research has shown 
the emergence of individual differences in the security of infant-mother attachment during the 
first year of life as well as their importance for later social-emotional development. A biobehav- 
ioral perspective may help settle disagreements about the validity and interpretation of 12- 
month-old infants' different behavioral patterns of attachment assessed by Ainsworth's Strange 
Situation. It was shown that, despite less overt distress in insecure-avoidant infants after short 
separations from the mother, overall cardiac measures indicate arousal patterns similar to the 
secure infants during separation. However, differences in cardiac response emerged with regard 
to object versus person orientation during reunion. Additionally, findings of increased cortisol 
in both insecure-avoidant and disorganized infants support the theoretical interpretation that 
these infants, in contrast to secure infants, lack an appropriate coping strategy. 

Attachment research has shown the 
extraordinary importance of the quality of 
infant-mother attachment for the develop- 
ment of social-emotional competence (Main, 
Kaplan, & Cassidy, 1985; Matas, Arend, & 
Sroufe, 1978; Suess, Grossmann, & Sroufe, 
1992). At the end of the first year of life, the 
quality of infant-mother attachment can be 
assessed by Ainsworth's Strange Situation 
(SS) (Ainsworth & Wittig, 1969), yielding a 
classification of the infants into securely 
attached (B), insecure-avoidant (A), and inse- 
cure-ambivalent groups (C). Recently, Main 
and Solomon (1990) described the "disorga- 
nized" pattern (D) as an additional insecure 
attachment status. There is considerable evi- 
dence that a secure pattern of attachment is 
associated with high maternal sensitivity 
during the first year (Ainsworth, Blehar, Wa- 
ters, & Wall, 1978; Belsky, Rovine, & Taylor, 
1984; Grossmann, Grossmann, Spangler, 
Suess, & Unzner, 1985). In addition, individ- 
ual aspects of newborn behavior, such as 
high orientation (Grossmann et al., 1985), 
low irritability (Crockenberg, 1981; Egeland 
& Farber, 1984), or optimal behavioral orga- 

nization (Waters, Vaughn, & Egeland, 1980), 
have also been found to be associated with 
secure attachment classification. 

However, despite 2 decades of attach- 
ment research using the SS as a prime re- 
search instrument, important issues have re- 
mained unsolved. Disagreements concern 
the validity of the classifications and their 
correct interpretation. First, successful acti- 
vation of the attachment system by the two 
separations cannot be demonstrated inde- 
pendently because of the fact that some in- 
fants seem to remain outwardly unaffected 
by the sequences of separations and re- 
unions, as in the A-type infants, who show a 
low amount of negative emotional behavior 
and a high amount of exploratory behavior 
(Grossmann & Grossmann, 1990). Thus, Sagi 
and Lewkowicz (1987) raised the issue that 
the SS may not create a similar psychological 
experience for all infants (see Sagi, van IJ- 
zendoorn, & Koren-Karie, 1991). 

Second, within attachment theory, the 
secure attachment pattern has been inter- 
preted as the most adaptive for individual 
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development from a phylogenetic point of 
view. Accordingly, insecure patterns have 
been seen as less adaptive (Bowlby, 1973, 
1980; Sroufe, 1979). However, from a cul- 
ture-relative point of view, insecure pat- 
terns, for example, the behavioral strategy 
of the insecure-avoidant babies, may under 
certain cultural conditions be seen as adap- 
tive or even more adaptive than the secure 
strategy (Hinde & Stevenson-Hinde, 1990). 
The different attachment patterns have also 
been conceived as (equivalent) adjustments 
to varying parenting styles and simply as al- 
ternative pathways to maturity (Lamb, 
Thompson, Gardner, Charnov, & Estes, 
1984). Main (1981), in contrast, sees in the 
avoidant pattern only a "second best strat- 
egy" through which the child maintains 
proximity with the mother; this strategy is 
suitable for minimizing the risk of being re- 
jected when contact is needed at some psy- 
chological cost. 

Despite definite phylogenetic assump- 
tions within attachment theory about bio- 
logical function and preadaptiveness to the 
maternal care-giving system (Bowlby, 
1969), the empirical research has focused 
on the investigation of psychological and 
behavioral processes, and at the same time 
has been "divorced from biology" (Joffe, 
Vaughn, Barglow, & Benveniste, 1985). 
However, the inclusion of biological or 
physiological processes may be necessary 
for validation of the assessment and the in- 
terpretation of different patterns of attach- 
ment. For example, changes in cardiac ac- 
tivity can be used as indications for the 
individual context evaluation. An increase in 
heart rate (HR) may be part of a defensive 
response (Graham & Clifton, 1966) or may 
be seen as an index of the behavioral activa- 
tion system (Fowles, 1980). According to Ur- 
sin, Baade, and Levine (1978), heart activity 
may be an index of a fast-acting and short- 
lasting activation to aversive situations, and 
the heart response is not subject to be- 
havioral coping mechanisms. Heart-rate in- 
creases in aversive situations may or may not 
be accompanied by distress behavior, but 
may be indicative of emotional arousal or ac- 
tivation, even in the absence of behavioral 
indications. The separation from the mother 
during the SS may be considered as an aver- 
sive situation for the infant. Thus, if the SS 
is an adequate procedure for activation of 
the attachment system in all infants, in- 
creases in HR must also be observed during 
separations in all infants, including the inse- 
cure-avoidant ones, who overtly behave as if 

hardly affected by separations and reunions 
(Sroufe & Waters, 1977). Specifically, the 
presence or lack of tonic lowering of HR dur- 
ing exploration may provide helpful infor- 
mation for the interpretation of the extended 
exploratory behavior in avoidant infants. 
Thus, changes in cardiac activity may be 
used as an index for the validity of the SS 
procedure. 

A second physiological system, the 
adrenocortical system, may also be used for 
a better understanding of the behavioral 
patterns observed in the SS. Responses of 
the behavioral and endocrinological system 
in coping with stressful situations may be 
either co-occurring (responses in both sys- 
tems) or dissociated (response in only one of 
the systems) (Levine, Wiener, Coe, Bayart, 
& Hayashi, 1987). For example, the fre- 
quency of distress vocalizations in infant 
squirrel monkeys separated from their moth- 
ers was markedly higher during adjacent 
separation (auditory contact) as compared to 
total isolation (no sensory contact). In con- 
trast, the totally isolated but calmer infants 
showed a markedly higher increase in corti- 
sol level as compared to the semi-isolated, 
overtly distressed monkey infants. Thus, 
the activation of the adrenocortical system 
seemed to be most prominent in situations 
in which behavioral coping responses were 
not applicable or available. Similarly, tree 
shrews showed different patterns of phys- 
iological reactions depending on specific 
stress conditions and the availability of cop- 
ing strategies (von Holst, 1986). In tree 
shrews subjugated in a territorial fight, two 
different behavioral patterns could be distin- 
guished. Submissive animals, characterized 
by extreme withdrawal, apathetic and de- 
pressive behavior, and a total absence of 
active coping strategies, showed a drama- 
tic increase in adrenocortical function. In 
contrast, subdominant animals, coping ac- 
tively by continually attempting to avoid 
possible confrontations with the dominant 
animal, showed an increase in sympatho- 
adrenomedullary function associated with a 
persistent increase in HR, particularly dur- 
ing the night, but no corresponding long- 
term increase in adrenocortical function. 
Comparable relations can be assumed for 
human newborns. Spangler and Scheubeck 
(1993) reported negative correlations be- 
tween orientation ability and an increase in 
cortisol during a Brazelton exam. Gunnar 
(1991) concluded that adrenocortical reactiv- 
ity could go along with both behavioral dis- 
tress and behavioral withdrawal when faced 
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with situations the organism is unprepared 
to meet. 

From the perspective of attachment 
theory, these findings would suggest an in- 
crease in cortisol during the SS in insecurely 
attached infants as compared to the securely 
attached ones. Although the traditional inse- 
cure patterns (A and C) represent coherent 
and organized patterns (Main & Solomon, 
1990), they cannot be seen as adequate strat- 
egies to rapidly establish proximity with the 
attachment figure. For example, regarding 
the A pattern as a defense strategy ("dis- 
placement behavior"; Ainsworth et al., 
1978), which helps to reduce behavioral 
arousal, it cannot be considered effective if 
it does not reduce tonic physiological 
arousal (Ursin et al., 1978, p. 7). In contrast, 
the behavioral pattern of the D babies indi- 
cates definite episodes of behavioral disor- 
ganization, that is, the D status denotes a 
failure to establish an organized or coherent 
behavioral attachment pattern (Ainsworth & 
Eichberg, 1991; Main & Hesse, 1990). 

Thus, from a narrow attachment per- 
spective, cortisol increases may be expected 
in the insecurely attached infants who do not 
have adequate strategies (A, C) or who do 
not have any coherent strategy at all (D). In 
contrast, no cortisol response, or at least a 
smaller increase, would be expected in se- 
curely attached infants exhibiting an ade- 
quate behavioral strategy by reestablishing 
contact with their attachment figure. From a 
wider perspective, assuming that the coher- 
ent insecure patterns (A, C) may be function- 
ally adaptive for the given infant-mother pair 
(Hinde & Stevenson-Hinde, 1990), although 
at some psychological cost (Main, 1981), low 
cortisol responses would also be expected in 
these groups. However, even from this per- 
spective, heightened adrenocortical activity 
may be expected in the disorganized babies, 
as they do not have a coherent strategy at 
their disposal. 

Whereas the coping model suggests a 
relation between cortisol response and the 
availability of behavioral strategies, an al- 
ternate model, the cortisol distress model, 
would assume associations between behav- 
ioral distress and an increase in cortisol 
(Gunnar, 1986). As there are great differ- 
ences in distress expressed during the SS 
between the insecure groups (A vs. C) as 
well as within the secure group, the tradi- 
tional attachment subgroups were bifurcated 
by Belsky and Rovine (1987) into groups 
with low (A, B1, B2) and high proneness (B3, 

B4, C) to distress. Within the cortisol distress 
model, a high cortisol response would be 
expected for infants with high proneness to 
distress as compared to the group showing 
little distress. 

The main objectives of this study were 
twofold: First, we wanted to find indications 
of an activation of the attachment system in 
insecure-avoidant babies by comparing their 
overtly less distressed and more object- 
oriented behavior with simultaneously as- 
sessed HR responses. In particular, we ex- 
pected an increase in HR in avoidant infants 
during separation from mother comparable 
to the securely attached infants. As heart ac- 
tivity responses seem to be fast-acting and 
short-lasting, and seem not to depend on 
behavioral coping mechanisms (Ursin et 
al., 1978), HR increases during separation 
should occur for all infants independent of 
their attachment classification. Moreover, re- 
garding the explorative behavior of the 
avoidant babies as an evasive (defensive) 
behavior, we expected the absence of HR 
orienting responses (lowering) with regard 
to object-oriented behavior in insecure- 
avoidant babies during reunion. Second, the 
validity of the interpretation of the attach- 
ment patterns should be tested by a com- 
parison of the adrenocortical responses of 
securely and insecurely attached infants. 
Comparisons should be conducted between 
the secure babies (B), the traditional inse- 
cure babies with underlying coherent strate- 
gies (A, C), and the insecure babies charac- 
terized by disorganization (D). From the 
coping model perspective, higher cortisol 
responses were expected in insecurely 
attached infants. At the same time, we have 
to examine the alternative arousal hypoth- 
esis, assuming that increases in cortisol 
mainly occur for those attachment subgroups 
exhibiting high behavioral distress. 

Method 
The sample consisted of 41 healthy Ger- 

man white infants and their mothers (17 
girls/24 boys) contacted for the first time at 
newborn age. The children's families repre- 
sent a fairly wide range of socioeconomic 
status, including 49% upper middle class, 
24% middle class, and 27% lower class, as 
assessed by the father's education and occu- 
pation as well as by the total family income. 
In all but one case the mother was the in- 
fant's primary caretaker. Four of them were 
working outside the family in part-time 
jobs at the end of the first year. For one in- 
fant, the father was the primary caretaker 
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throughout the first year, while the mother 
was doing a full-time job. In this case the 
father took part in the study (and was treated 
as a "mother" in this paper). 

At the age of 12 months (M = 12.1; SD 
= .4) the infants were observed during the 
SS. The SS is a 20-min situation involving a 
sequence of episodes that progressively acti- 
vate the attachment system: entrance into 
an unfamiliar environment, the arrival of a 
stranger, two brief separations from the 
mother, and two subsequent reunions with 
her (Ainsworth, 1985). With regard to the cir- 
cadian rhythm in cortisol, the data assess- 
ment for each subject was planned for the 
morning. In 83% of the subjects the assess- 
ment took place between 8 and 12 A.M., mid- 
way between two feedings, that is, about 90 
min after the preceding feeding. For several 
reasons, the morning assessment was not 
possible in seven cases (individual feeding 
and sleeping patterns, baby-sitter schedul- 
ing for older siblings, etc.). 

The quality of infant-mother attachment 
was analyzed from the videotapes by trained 
observers. For the traditional ABC classifi- 
cation the training was accomplished using 
SS videotapes from the Bielefeld longitudi- 
nal sample, which were cross-validated by 
Mary Main (Grossmann, Grossmann, Huber, 
& Wartner, 1981). Reliability for quality of 
attachment was 90% (kappa = .87). For 
the D classification, two different observers 
were trained with tapes analyzed by an ex- 
pert judge (Erik Hesse). The observers rated 
the infants' behavior on the 9-point scale for 
disorganization. Reliability between the ob- 
servers for the D status (5 or above) was 82% 
(kappa = .63). 

In addition, specific analyses concern- 
ing the infants' negative emotions and look- 
ing behavior were conducted in order to as- 
sess behavioral measures of infants' arousal 
and orientation. For every 1-sec interval, the 
expression of negative emotion and the ori- 
entation to mother or objects were assessed. 
Every occurrence of sad face, fussing, or cry- 
ing was coded as negative emotion. Four cat- 
egories were used to describe the infants' 
orientation: looking to mother, looking to 
specific objects, object manipulation, and 
unspecific looking. The criterion for object 
manipulation was eye-hand coordination. 
Reliability was 93% (kappa = .90) for nega- 
tive emotion and 93% (kappa = .84) for ori- 
entation behavior. 

The cortisol response was assessed from 
saliva. To collect saliva, the infant's mouth 

was swabbed with a small sterile cloth. It 
took about 1 to 3 min to obtain the saliva 
sample. Saliva samples were collected im- 
mediately before the SS, as well as 15 and 
30 min after the end of the SS. All saliva 
samples were frozen until being assayed to 
- 20' C within 24 hours after the collection. 
To get the infants' saliva out of the cloth, the 
samples were centrifuged (5,000 rpm). The 
assessment of cortisol levels was done by ra- 
dioimmunoassay (RIA). The RIA was per- 
formed by the Department of Animal Physi- 
ology at the University of Bayreuth (Prof. Dr. 
D. von Holst). All samples from one individ- 
ual were analyzed in one assay to minimize 
the variability of the results. To guarantee 
validity of analysis, duplicate assays were 
performed whenever possible. Some sam- 
ples of the newborns with a volume of less 
than 0.1 ml were too small for duplicate 
assay. In these cases, single assays were ac- 
complished. The RIA was highly specific for 
cortisol. The corticoid antiserum used 
for analysis significantly cross-reacted with 
cortisol, 11-deoxycortisol, 11-deoxycortico- 
sterone, corticosterone, and 17-hydroxypro- 
gesterone. However, the proportion of 
cortisol to the overall corticosteroids is 
nearly 90% for newborns and about 98% for 
infants in the first year (Sippell, Dorr, Bid- 
lingmaier, & Knorr, 1980). The sensitivity of 
the RIA was 21.6 pg per tube. The intra- 
assay variation was 5.9% for 0.1 ng, 4.1% for 
0.2 ng, and 3.8% for 0.5 ng. The inter-assay 
variation was 9.2% for 0.1 ng, 6.0% for 0.2 
ng, and 5.8% for 0.5 ng. The correlation be- 
tween the assay duplicates was r = 0.94 (for 
further details, see Fenske, 1987). 

The infant's cardiac activity was simul- 
taneously assessed during the SS. Immedi- 
ately after the collection of the presession 
saliva, three disposable EKG electrodes 
were placed, in a triangular pattern, on the 
infant's chest. Then, during the SS, the in- 
fant's heart periods (interbeat intervals) 
were continuously recorded. The portable 
recorder was kept in a little jacket on the 
infant's chest. The equipment was removed 
after the end of the last saliva sample. The 
heart periods were controlled for artifacts by 
computer, using criteria proposed by Foers- 
ter (1984). In addition, a visual control was 
conducted. The heart periods were con- 
verted to HR in beats per minute for each 
1-sec interval. 

The following measures were derived 
from the behavioral analyses: (1) quality of 
attachment, (2) duration of negative emotion 
per episode, and (3) duration of object- 
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orientation per episode (looking to objects 
and object manipulation, respectively). 
Change from baseline measures was used to 
describe physiological responses. The fol- 
lowing change scores were used as a mea- 
sure for the infant cortisol response (Levine 
& Coe, 1985; Spangler, 1991): delta 15 and 
delta 30 (the difference between the respec- 
tive values 15 and 30 min after the SS and 
the initial value). As there were no differ- 
ences in time between onset of first separa- 
tion and the saliva sampling between the 
attachment groups, F(2, 36) = .97, N.S., 
correction for length of time interval was not 
necessary. The following measures were de- 
fined for the infant's cardiac activity during 
the SS: (1) change of mean HR (beats per 
min) from mean HR in episode 2 (baseline) 
to each of the episodes 3 to 8, (2) difference 
between mean HR during the child's mother 
orientation, looking to object, and object ma- 
nipulation and the mean HR during unspe- 
cific looking (baseline). 

To assess statistical significance of 
changes in behavioral and physiological 
measures, analyses of variance with re- 
peated measures (MANOVAS) were used. 
To control for heterogeneity of variance, 
Greenhouse-Geisser corrections for degrees 
of freedom were used. 

Results 

Quality of attachment. -Regarding 
the traditional (forced) ABC classification, 
the distribution of securely and insecurely 
attached infants was comparable to previous 
findings (van IJzendoorn & Kroonenberg, 
1988). Thirty out of 41 (73%) infants were 
classified as securely attached (B). There 
were 14 B1/B2 and 16 B3/B4. Seven infants 
were classified as insecure-avoidant (A). 
One infant was insecure-ambivalent (C); 
three infants were unclassifiable. In addi- 
tion, nine infants (7 B, 1 A, 1 not-to-classify) 
had D scores of 5 and above. The proportion 
of the D pattern was also comparable to pre- 
vious findings (Ainsworth & Eichberg, 1991; 
Main & Hesse, 1990). Thus, including the D 
status, the analysis of the attachment pat- 
terns yielded the following distribution: 
56% B, 15% A, 22% D, and 2.5% C. The at- 
tachment classification was not related to 
infant sex and social class. 

For technical reasons, the sample sizes 
for the following analyses were different. 
Some cortisol values were missing (too little 
saliva, failure in RIA; 5 B, 2 D), and for some 
infants there were no valid HR scores (5 B, 
3 D). Thus the sample sizes for A, B, and D 

were 7, 18, and 7, respectively, for the corti- 
sol analyses and 6, 18, and 6, respectively, 
for the HR analyses. 

As there was only one C baby, compari- 
sons between attachment groups were con- 
ducted without the C group. Regarding the 
behavioral and HR responses, a combination 
of the traditional insecure groups A and C 
would have been inappropriate both for con- 
ceptual and empirical reasons. The behavior 
and HR scores of the C baby were extremely 
different from those of the A babies and 
would have obscured differences between 
the A group and the other groups. For com- 
parisons regarding the adrenocortical activ- 
ity, A and C babies were combined. This 
combination was suitable again for concep- 
tual and empirical reasons. Within the cop- 
ing model, both the A and the C pattern are 
inappropriate strategies. Empirically, the 
cortisol response of the C baby was within 
the range of the A group. 

Behavioral changes during the Strange 
Situation.-To compare the behavioral 
changes across the SS episodes of infants 
with different attachment quality, two-way 
ANOVAS with one repeated-measures factor 
(episodes 2 to 8) and one independent factor 
(attachment: A, D, B) were conducted for 
negative vocalization and object manipula- 
tion. As expected, there were obvious be- 
havioral differences between the attachment 
groups in negative vocalization and object 
orientation. For negative vocalization, there 
was a main effect for attachment, F(2, 34) = 
4.10, p -< .05, and for episode, F(3.1, 105.4) 
= 15.48, p 

- 
.001, and an interaction be- 

tween episode and attachment, F(6.2, 105.4) 
= 3.22, p 

- 
.01. A post-hoc ANOVA for sim- 

ple main effects revealed a change in nega- 
tive vocalization only for the B babies, F(3.1, 
105.4) = 28.40, p 

- 
.001, and for the D ba- 

bies, F(3.1, 105.4) = 10.70, p 
- 

.001. 
Whereas there was a very low occurrence of 
negative vocalization in avoidant babies 
over all the episodes, the secure babies and 
the disorganized ones showed a marked 
(nearly identical) increase during the second 
separation (episode 6 and 7; Newman-Keuls, 
p < .05; see Fig. 1). For object manipulation, 
the MANOVA revealed a main effect for at- 
tachment, F(2, 35) = 9.86, p 

- 
.001, and for 

episode, F(5.3, 184.9) = 6.01, p .001, and 
an interaction between episode and attach- 
ment, F(10.6, 184.9) = 2.61, p 

- 
.01. A post- 

hoc ANOVA for simple main effects re- 
vealed changes in object manipulation for 
all groups, F(5.3, 184.9) = 2.91, 3.46, and 
8.79 for the avoidant, disorganized, and se- 
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cure infants, respectively; all p's - .015. 
However, whereas there was a decrease in 
object manipulation during the separation 
episodes in the secure and the disorganized 
infants (Newman-Keuls, p 

- 
.05, see Fig. 1), 

an increase could be observed in the avoid- 
ant babies with the highest score during the 
first reunion episode (p < .05). In the C 
baby, a high increase of negative vocaliza- 
tion and a marked decrease of object manip- 
ulation were observed. 

Cardiac changes during the Strange 
Situation.-The behavioral differences be- 
tween the attachment groups were not re- 
flected in cardiac activity. Table 1 contains 
the means and standard deviations of the 
HR raw values for the different attachment 
groups. Changes in cardiac activity were as- 
sessed as the difference in HR in each of 
episodes 3 to 8 and the HR in episode 2 
(baseline). There was no difference between 
the attachment groups in HR baseline, F(2, 
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FIG. 1.-Changes in (a) negative vocalization, (b) object manipulation, and (c) heart rate during 
the Strange Situation episodes for different attachment groups. M = mother, I = infant, S = stranger. 
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TABLE 1 

MEANS (and Standard Deviations) OF CORTISOL AND HEART-RATE VALUES FOR THE DIFFERENT 
ATTACHMENT GROUPS ASSESSED DURING THE STRANGE SITUATION 

ATTACHMENT GROUPSa 

Insecure-Avoidant 
(Insecure-Ambivalent)b Disorganized Secure 

Heart rate (bpm): 
Episode 2 (I,M) ......... 142.3 (18.2) 134.2 (6.9) 140.7 (12.0) 
Episode 3 (I,M,S)...... 144.0 (19.0) 130.6 (9.2) 141.2 (10.0) 
Episode 4 (I,S) .......... 141.5 (18.7) 130.2 (8.2) 141.5 (19.2) 
Episode 5 (I,M) ......... 147.4 (14.9) 135.2 (5.2) 146.3 (10.8) 
Episode 6 (I)............ 148.5 (17.0) 139.8 (22.0) 149.6 (11.8) 
Episode 7 (I,S) .......... 139.9 (17.6) 150.0 (22.8) 147.2 (19.6) 
Episode 8 (I,M) ......... 144.1 (15.7) 134.9 (8.9) 140.7 (9.9) 

Cortisol (ng/dl): 
Before SS ................ 3.63 (1.38) 3.66 (.83) 4.63 (2.75) 
15 min after SS .......... 4.36 (2.10) 5.09 (1.73) 4.56 (2.15) 
30 min after SS.......... 5.05 (2.66) 5.42 (1.83) 4.21 (2.06) 

NOTE.-I = infant, M = mother, S = stranger. a Sample size was 6, 6, and 18 for heart rate and 7, 7, and 18 for cortisol for the insecure-avoidant/ambivalent, 
disorganized, and secure groups, respectively. b The insecure-ambivalent group was included only for the cortisol values. 

28) = .80, N.S. A two-way (episodes 3 to 8 
x attachment A, B, and D) MANOVA for 
change in HR revealed a main effect for epi- 
sode, F(2.9, 77.3) = 6.99, p 

- 
.001, and an 

interaction between attachment and epi- 
sode, F(5.7, 77.3) = 2.41, 

p- 
.05. No main 

effect for attachment was found. Newman- 
Keuls post-hoc tests revealed that the epi- 
sode effect was due to the HR change in the 
second separation (episode 6, p -< .05, see 
Fig. 1). The interaction effect was reflected 
by the magnitude of HR increase during epi- 
sode 6. The highest increase occurred for the 
disorganized infants, which was signifi- 
cantly different from the HR increase of both 
the B and the A babies (Newman-Keuls, p 5 
.05), who were not different from one an- 
other. However, the 1% confidence interval 
of the HR increase of both A and B infants 
in episode 6 did not include zero, indicating 
a significant HR elevation also for these two 
groups. In the C baby, an extreme HR in- 
crease was observed. Thus, the changes in 
HR, albeit somewhat different in magnitude, 
indicate cardiovascular activation for all at- 
tachment groups during the SS. 

To control for motor artefacts in HR 
change during the SS due to the child's play 
or distress behavior, a covariance analysis 
for infant HR at episode 6 was conducted 
with attachment as an independent factor 
and negative vocalization and play manipu- 
lation as covariates. A third measure, the 

child's gross motor behavior, was not differ- 
ent for the various attachment groups (Voel- 
cker, 1991) and thus was omitted from analy- 
sis. After controlling for the covariates, the 
attachment effect remained significant, F(2, 
24) = 3.37, p 

- 
.05. The means adjusted for 

the effect of the covariates were 17.6, 22.5, 
and 6.1 for the A, D, and B infants, respec- 
tively. Using Newman-Keuls post-hoc tests, 
the HR increase proved to be significantly 
lower in B infants than in D infants (p 

- .05). The difference between B and A infants 
approached significance (p 

- 
.10). Thus, 

after adjustment for negative vocalization 
and fine-motor and gross-motor activity, the 
HR increase seems to be most prominent in 
insecurely attached infants. 

To assess specific HR changes during 
object and mother orientation, a two-way 
ANOVA with one repeated measure (orien- 
tation: looking to mother, looking to objects, 
object manipulation) and one independent 
factor (attachment: A, B, D) controlling for 
the overall duration of the respective orien- 
tation measures was conducted, revealing a 
significant interaction between orientation 
and attachment, F(2.6, 36.2) = 3.31, 

p- 
.05. 

Post-hoc ANOVAS for simple main effects 
yielded significant HR changes within the B 
group and the D group, F(1.3, 36.2) = 5.37 
and 4.91, respectively, p : .025. No differ- 
ences were found within the A group. Thus, 
the B and the D babies exhibited the ex- 
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pected HR pattern with low HR during ob- 
ject orientation, in particular during object 
manipulation, and higher HR when looking 
to their mother (see Fig. 2). In contrast, an 
HR orientation response could not be ob- 
served in A infants, who behaviorally do not 
seem to be very concerned about the separa- 
tion and who show a high frequency of ob- 
ject orientation even during the separation 
episodes. Moreover, their HR seems to be 
most elevated during object orientation (see 
Fig. 2). 

Changes in adrenocortical activity dur- 
ing the Strange Situation.--Table 1 con- 
tains the means and standard deviations of 
the cortisol raw values for the different at- 
tachment groups. To test the hypothesis 
about individual differences in the adreno- 
cortical response in securely and insecurely 
attached infants (cortisol-coping hypothe- 
sis), a two-way ANOVA with one repeated 
measure (delta 15, delta 30) and one inde- 
pendent factor (attachment) was conducted. 
The insecurely attached infants were di- 
vided into two groups: the disorganized 
infants (D) and the traditionally insecure 
infants with a coherent but inadequate 
behavioral pattern (A and C). To control for 
circadian influences on adrenocortical activ- 
ity, the time of day of assessment (which was 
not significantly related to change in cortisol 
and for which there were no differences be- 
tween the attachment groups) was included 
as a covariate in the ANOVA. The ANOVA 
revealed a significant main effect for attach- 
ment, F(2, 28) = 3.53, p s .05. As can be 
seen in Figure 3, both groups of insecurely 
attached infants show an increase in cortisol 
as compared to the securely attached infants, 
who exhibit a small decrease. Using New- 
man-Keuls multiple-range tests, the differ- 
ence between secure and insecure infants 

was significant for the D babies (p 
- 

.05) 
and approached significance for the A/C ba- 
bies (p 

- 
.10). There was no significant dif- 

ference between the attachment groups in 
the initial values, F(2, 29) = .76, N.S. Re- 
garding the cortisol-distress hypothesis, the 
high-distress group (B3, B4, C) did not show 
higher cortisol values as compared to the 
low-distress group (A, B1, B2) (p > .75). 

Discussion 
The HR patterns of the infants during 

the SS provide a validation of the SS proce- 
dure and the behavioral criteria used for the 
classification of the quality of attachment. 
First, HR increases during separation from 
the mother were observed in all attachment 
groups, including the insecure-avoidant in- 
fants. As the heart response is not subject to 
behavioral coping mechanisms (Ursin et al., 
1978), HR increases were expected for all 
groups independent of the appropriateness 
of the behavioral strategy. However, there 
were differences in the magnitude of the HR 
response. Whereas the disorganized infants 
exhibited a particularly high HR elevation, 
there was a lower but still significant HR 
increase in both the secure and insecure- 
avoidant infants. 

These findings indicate that even the A 
babies, though exhibiting low behavioral 
distress, were nevertheless affected by the 
SS (Fowles, 1980; Graham & Clifton, 1966; 
Sroufe & Waters, 1977). Thus, the attach- 
ment system in avoidant babies seems to be 
activated in a way comparable to the secure 
babies. Moreover, after controlling for be- 
havioral artefacts in HR, the HR increase of 
the A babies was even higher than in se- 
curely attached infants and comparable to 
the increase of the disorganized infants. The 

delta heart-rate 
(bpm) 
6 

2 

0 

-2 

-4 

-6 
insecure- disorganized secure 
avoidant 

-] looking to mother 
looking to object 
object manipulation 

FIG. 2.--Mean heart rate during the infants' orientation to the mother and to objects and during 
object manipulation for different attachment groups. 
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FIG. 3.-Cortisol change during the Strange Situation for secure (B), insecure-avoidant and inse- 
cure-ambivalent (A/C), and disorganized infants (D); postassessment 15 min (delta 15) and 30 min (delta 
30) after the Strange Situation. 

particularly high increase of the disorga- 
nized infants warrants further explanation. 
As pointed out by Main and Hesse (1990), 
the disorganized baby may be very intensely 
alarmed by the SS separation to the point 
that the activation of the attachment be- 
havior cannot be systematically controlled, 
which may be due to the experience of an 
unpredictably frightening parent. The high 
HR during the separation may reflect the 
high intensity of activation in the disorga- 
nized infants. 

Second, with respect to the infants' ori- 
enting behavior, the HR pattern of both the 
secure and the disorganized attachment 
group fits theoretical assumptions about as- 
sociations between HR and behavior well 
(Graham & Clifton, 1966). The low HR dur- 
ing object orientation suggests attentive and 
concentrated play. In contrast, the height- 
ened HR when looking to the mother indi- 
cates that visual contact with mother was 
initiated specifically during episodes of 
physiological arousal, which, in turn, may be 
indicative of emotional distress. The missing 
HR response during object orientation in A 
babies suggests low-quality play marked by 
inattentiveness and low involvement. In ad- 
dition, A babies looked to the mother only 
during episodes when arousal was not very 
high, that is, visual contact was established 
in situations with low emotional stress. 

This is in line with previous findings 
(Grossmann, Grossmann, & Schwan, 1986) 
demonstrating restricted direct communica- 
tion with increasing stress in avoidant in- 
fants. These findings support on a physio- 
logical level the interpretation of the 

attachment classification: involved explora- 
tion (low HR) against the background of a 
secure infant-mother relationship and con- 
tact-seeking after the activation of the attach- 
ment system (high HR) in B infants, and, in 
contrast, contact avoidance and low-level 
play as an evasive behavioral pattern (high 
HR) when the attachment system is acti- 
vated in A babies (Ainsworth et al., 1978). 
B infants turn toward their mother when 
their attachment systems are aroused. The 
mother, therefore, is not "interesting" in the 
sense of an interesting, novel object. She is, 
in attachment theory terms, the secure base 
to which the child returns when aroused, 
and from which the child starts new bouts of 
explorations. 

Similar findings from case studies were 
reported by Sroufe and Waters (1977). They 
observed accelerated HR and the absence of 
tonic lowering of HR during object orienta- 
tion in avoidant infants. Furthermore, Dono- 
van and Leavitt (1985) found phasic HR in- 
creases at the onset of separation in both 
securely and insecurely attached infants 
even though their behavioral responses dif- 
fered. 

The pattern of HR change during spe- 
cific orienting behavior in the disorganized 
infants was not different from the pattern of 
the securely attached infants. This is not sur- 
prising, because proximity seeking when 
distressed, albeit in combination with be- 
havioral inhibition (Main & Hesse, 1990), is 
a typical aspect of the D pattern, and, more- 
over, object orientation does not serve as a 
defensive strategy or displacement behavior 
in disorganized infants. 
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The relation between the quality of at- 
tachment and the specific responses of the 
adrenocortical system is in accordance with 
our hypothesis derived from animal studies 
(Levine et al., 1987; von Hoist, 1986), which 
assumes that the adrenocortical system 
would be activated only if adequate behav- 
ioral strategies cannot be applied. From the 
attachment perspective, establishing contact 
after separation from the mother (i.e., when 
the attachment system is activated) is the 
only adequate behavioral strategy for emo- 
tional reorganization. In contrast, avoidance 
or ambivalent behavior to the attachment 
figure are seen as inappropriate behavioral 
strategies. Moreover, the D status precludes 
the presence of any coherent strategy. Thus, 
from the perspective of the cortisol coping 
model, the present findings support the in- 
terpretation of the behavioral patterns from 
the perspective of attachment theory. In con- 
trast, the cortisol distress model has not 
been confirmed. Moreover, cortisol increases 
were shown by the insecure groups, which 
include the A babies exhibiting very little 
behavioral distress during the SS. 

The first attempt to assess relations 
between quality of attachment and adreno- 
cortical activity during the SS was under- 
taken by Gunnar and co-workers (Gunnar, 
Mangelsdorf, Larson, & Hertsgaard, 1989), 
who did not find significant results. How- 
ever, this may be explained by two method- 
ological issues. First, the attachment analy- 
sis of the Gunnar et al. study did not include 
the D category, for which the adrenocortical 
response came out most clearly. The inclu- 
sion of D babies in the secure group may 
have obscured potential differences be- 
tween securely and insecurely attached in- 
fants. Second, in the Gunnar et al. study, the 
postassessment of cortisol was accomplished 
immediately after the end of the SS. As the 
adrenocortical system is a slowly reacting 
system, the time lag may have been too short 
(Gunnar, 1986). This explanation was sup- 
ported by our data regarding the traditional 
insecure group (A and C), in which differ- 
ences in the cortisol response were, albeit 
visible, not significant until 30 min after the 
SS. 

The differences between the attach- 
ment groups in the adrenocortical response 
30 min after the SS also may be related to 
behavioral differences during the time after 
the SS. However, as shown in the behavioral 
analyses, behavioral differences between 
the attachment groups have vanished al- 
ready during the last reunion episode. To 

further clarify this question, the amount of 
negative vocalization during the time period 
after the SS was analyzed. However, no sig- 
nificant differences were found between the 
attachment groups. 

In conclusion, the findings provide clear 
evidence for the validity of the SS procedure 
in the assessment of individual differences 
in the quality of attachment. Moreover, they 
provide external support for the interpreta- 
tion of the attachment patterns. Finally, bio- 
behavioral associations between attachment 
system and physiological systems address a 
number of interesting issues for future re- 
search, regarding, for example, basic biologi- 
cal processes underlying the attachment sys- 
tem, the contribution of child factors to the 
development of individual differences in 
social-emotional development, and the mu- 
tual relations between individual, social, and 
physiolgical processes. 
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