
Development of skin conductance orienting, habituation,

and reorienting from ages 3 to 8 years: A longitudinal

latent growth curve analysis

YU GAO,a ADRIAN RAINE,b MICHAEL E. DAWSON,a PETER H. VENABLES,c and
SARNOFF A. MEDNICKa

aDepartment of Psychology, University of Southern California, Los Angeles, California, USA
bDepartments of Criminology, Psychiatry, and Psychology, University of Pennsylvania, Philadelphia, Pennsylavania, USA
cDepartment of Psychology, University of York, York, England

Abstract

Little is known about the development of the skin conductance orienting response (SCOR) in childhood. This lon-

gitudinal study examines the effects of age on initial SCOR, habituation, and reorienting. Skin conductance responses

to nonsignal auditory stimuli were recorded from 200male and female children at five different time points (ages 3, 4, 5,

6, and 8 years). Longitudinal latent growth curve analyses were used to determine the trajectory of each SCORmeasure

during this period. Results indicated that (a) initial SCOR is present at age 3, increases thereafter to peak at age 6, and

then levels off, (b) habituation is absent at age 3, but becomes apparent at age 4 years and increases thereafter with

increasing age, (c) SC reorienting is absent from ages 3 to 8, and (d) boys and girls do not exhibit different devel-

opmental trajectories. Results suggest that from age 3 to 8 years, the transition from the functionally immature to

mature neural network underlying orienting and habituation is a continuous process and may be related to children’s

cognitive development during this period.

Descriptors: Skin conductance, Orienting, Habituation, Reorienting, Child development, Age, Latent growth

curve modeling

The orienting response (OR) is elicited by novel environmental

stimuli and functions to adapt the body to the rapidly changing

environment (Öhman, Hamm, & Hugdahl, 2000; Pavlov, 1927).

According to Öhman’s (1979) information processing perspec-

tive, novel stimuli are initially stored in short-term memory,

where they form neural templates. When subsequent stimuli are

presented, they are compared to the template currently stored in

short-term memory. If the stimulus differs from the template,

preattentive processing mechanisms are unable to recognize the

newly presented stimulus and will require additional, controlled

processing mechanisms, resulting in the OR. In contrast, if the

incoming stimulus matches the template, an OR does not occur

because the stimulus is relatively familiar and nonsignificant. The

OR has two characteristics: It displays an amplitude decrement

(habituation) with stimulus repetition as a result of the match

between incoming stimulation and the template stored in short-

term memory, but is reevoked (reorienting) by any detectable

change in one of several parameters, including intensity, modal-

ity, and semantic meaning of the stimulus (Öhman et al., 2000).

The skin conductance orienting response (SCOR) is an au-

tonomic response to nonsignal stimuli and indirectly reflects how

a person attends to and processes novel environmental stimuli

(Dawson, Schell, & Filion, 2007). In adults, reliable relationships

between the SCOR and arousal, attention, information process-

ing, and emotion have been observed from numerous studies (for

a review, see Hugdahl, 1995). Although the amplitude of the

SCOR to nonsignal stimuli has been interpreted as a sensitive

measure of information processing, surprisingly little is known

about the development of the SCOR (Shields, 1983; and, for a

review, see Venables, 1980). Results concerning the SCOR in

infants and children are somewhat inconsistent. For example,

Crowell, Davis, Chun, and Spellacy (1965) reported SCOR to

auditory clicks (5 Hz at 50 dB) in the neonate, arguing that

orienting was in place in humans as early as the first 24 h after

birth. In contrast, other studies have indicated that infants show

a SCOR only to limited stimuli, such as a doorbell, threat of loss

of balance (chair tipping), and suddenwithdraw of support (for a

review, see Fowles et al., 2000). As for age-related changes in

childhood, Janes, Hesselbrock, and Stern (1978) reported that

from age 6 to 12 years, younger children were more electroder-

mally responsive than older children on a variety of processes,

including conditioning, habituation, and spontaneous respond-

ing between trials. In a study with a broad range of age groups
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tested, no differences in magnitude of responding to positive and

negative conditioned stimuli were found between children (mean

age5 11 years, 2 months) and young adults (mean age5 20

years, 6 months; Morrow, Boring, Keough, & Haesly, 1969).

Similarly, Venables andMitchell (1996) failed to find anymarked

developmental changes in SCOR to 75-dB tones among five age

groups from 5 to 25 years in a cross-sectional study. Because the

SCOR to novel stimuli is known to be a function of the central

and peripheral nervous systems (Critchley, 2002; Hazlett, Daw-

son, Buchsbaum, & Nuechterlein, 1993), and because the struc-

tural and functional maturation of these systems shows clear

developmental change, we expected to observe differences be-

tween younger and older children in the SCOR in early child-

hood (from ages 3 to 8 years).

To the authors’ knowledge, little is known about SC habit-

uation and reorienting development in childhood, even though

these two indices have ‘‘the status of defining characteristics’’

with regard to the OR (Öhman et al., 2000, pp. 541). Habitu-

ation, the reduction in amplitude of a response following rep-

etition of the eliciting stimulus, is assumed to reflect a central

process involving changes in interneurons at different levels in the

central nervous system (Öhman et al., 2000). Habituation is

considered to be a broadly adaptive form of learning that typifies

children’s everyday interactions with people and objects (Born-

stein et al., 1992). Studies have shown that children with mental

retardation exhibited smaller initial SCORs to innocuous stimuli

that also habituatemore rapidly than in normal subjects, whereas

intellectually gifted children had larger initial SCOR to innoc-

uous stimuli and habituate more slowly than intellectually nor-

mal children (DeBoskey, Kimmel, & Kimmel, 1979). The

authors argue that these findings indicate that SC habituation

is indeed involved in attentional–cognitive performance. One of

the typical protocols used to analyze habituation is to compare

the response magnitude of the first and last trials (or to subtract

the response magnitude of the last trial from that of the first trial;

Geer, 1969; Koriat, Averill, & Malmstrom, 1973; Lader, 1964;

Siddle, Stephenson, & Spinks, 1983). The number of standard

trials given does not appear to be correlated with the magnitude

of SC habituation. Geer (1969) manipulated number of stimuli

presented (5, 10, 15, and 20 trials) and found no significant

difference in degree of habituation across conditions. This lack of

trial effect may indicate that habituation may occur after as few

as 2 or 3 trials (Dawson et al., 2007). In the current study, three

standard stimuli were presented, and the difference in the re-

sponse magnitude between the first and last standard trial was

used as the index of habituation.

Reorienting results from any change in stimulus presentation

and implies a mismatch between the stimulus and the stored

template and indexes the sensitivity of the OR to stimulus change

(Sokolov, 1960, 1963). To elicit reorienting, subjects are usually

exposed to a number of habituation trials, either until they no

longer respond or for a fixed number of presentations, followed

by a test trial on which one or more parameters of the previous

stimulus is varied. Changes in stimulus modality (Furedy &

Ginsberg, 1975; Graham, 1973) and pitch (Geer, 1969; Graham,

1973; Öhman, 1971; Siddle & Heron, 1976) have been reported

to produce SC reorienting. According to Sokolov (1960, 1963),

the degree of reorienting following stimulus change should be

directly proportional to the difference between the changed test

stimulus and the previously presently standard stimulus. In this

context, the larger the change, the larger the reorienting. For

instance, in a study investigating the effects of the amount of tone

frequency change on amplitude of the SCOR (Siddle & Heron,

1976), SC reorienting was found to be larger for a change of

620 Hz (from 1000 to 380 Hz) than for a change of 330 Hz (from

1000 to 670 Hz). It has also been argued that the number of

standard trials would affect the magnitude of SC reorienting

(Sokolov, 1963) because the precision of the neuronal model

increases with increased number of stimulus presentations; con-

sequently the appearance of a different stimulus would elicit a

larger mismatch response. However, some studies have failed to

support this hypothesis (Geer, 1969; Siddle & Heron, 1976). For

example, in the same study conducted by Siddle and Heron

(1976) described above, they compared SC reorienting under two

training levels: 6 and 21 presentations of a 1000 Hz, 70 dB tone.

They found that the number of training stimuli presented had no

significant effect on SC reorienting. Because habituation may

occur after two or three trials (Dawson et al., 2007), less than six

trials may be sufficient to elicit reorienting. In the current study,

three standard stimuli were presented prior to the reorienting

stimulus (a change in frequency from 1000 Hz to 1311 Hz) in

order to explore the development of reorienting from 3 to 8 years.

Findings relating to gender differences in the SCOR have

been variable. Several adult studies have shown greater mean

SCOR amplitudes to nonthreatening stimuli in males compared

to females. In contrast, other studies have failed to find gender

differences (Boucsein, 1992). In particular, one study using a

valsalva maneuver (i.e., increasing thoracic pressure through

pressing and swallowing following deep breathing) showed de-

velopmental gender differences in the SCOR: higher SCRs were

found in female (20–29 years old) compared to male subjects,

whereas no gender differences were observed in the 40–49 and

65–75-year-old age groups (Eisdorfer, Doerr, & Follette, 1980).

Only a few studies have addressed the gender difference in SC

magnitudes among children.McManis, Bradley, Berg, Cuthbert,

and Lang (2001) found that girls aged 7–14 years showed greater

reactivity to unpleasant stimuli compared to males. Raine, Ven-

ables, Mednick, and Mellingen (2002) failed to find gender

differences at ages 3 and 11 years on SC amplitudes to neutral

and aversive tones. In the current study, the moderating effect of

gender on the growth trajectories of SCOR measures was exam-

ined. Given that few gender differences have been observed to

date, it was hypothesized that boys and girls would show rela-

tively similar initial levels and slopes across ages in initial SCOR,

habituation, and reorienting.

In summary, there have been very few (if any) longitudinal

studies that have either investigated SCOR, habituation, and

reorienting changes with age in children or investigated whether

any developmental changes are a function of gender. By assessing

SCOR at ages 3, 4, 5, 6, and 8 years in the same female and male

children, this study attempts to address a significant gap in the

literature on developmental autonomic psychophysiology. Spe-

cifically, it was predicted that for both girls and boys, growth

trajectories would be observed in the direction of older children

showing larger initial SCOR, faster habituation, and increased

reorienting.

Method

Participants

The population from which the participants were drawn con-

sisted of 1795 children from the country of Mauritius, a tropical

island in the southwest Indian Ocean. All children born in 1969–

1970 in two towns (Quatre Bornes and Vacoas) were recruited
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when aged 3 years. The ethnic makeup of the sample was as

follows: 68.7% Indian, 25.6% African, and 5.6% other (Chi-

nese, English, or French descent). Femalesmade up 45.9%of the

sample. Two hundred children (100 boys and 100 girls) were

selected from the original sample based on their sex, race, and

electrodermal activity. The ‘‘200’’ consisted of the following four

types of subjects: (1) nonresponders, those showing no elec-

trodermal activity (n5 37), (2) hyperresponders, who showed

short electrodermal recovery time and high amplitudes of re-

sponse (n5 99), (3) a group showing long recovery of the elec-

trodermal response (n5 11), and (4) a control group having

modal values of amplitude and recovery (n5 53; see Venables,

1978, for further details). Psychophysiological measures were

taken at ages 3, 4, 5, 6, and 8 years in these 200. Informed consent

was obtained from the parents of the children.

To assess whether this population of 200 was representative of

the initial population (N5 1795), comparisons were made be-

tween those included in the study and the rest of the sample on

demographic measures. Participants and nonparticipants did not

differ on sex, w2 (1)5 0.490, p4.488, ethnicity, w2 (4)5 0.465,

p4.501, and social adversity, t(1,110)5 0.730, p4.327.

SCOR

SC was recorded while subjects listened to a standard stimulus

auditory tape consisting of six tone stimuli, which were used to

elicit the OR (three 75-dB tones of 1 s duration at 1000 Hz

frequency, followed by three 75-dB tones of 1 s duration at 1311

Hz frequency) through headphones. The interstimulus intervals

ranged from 34 to 42 s. Because investigators had to test 1795

children in 1 year, only 30min could be spent on each child at age

3 (15 min for presentation of stimuli and 15 min for familiar-

ization, putting on electrodes and headphones, taking off elec-

trodes, and debriefing). At subsequent ages the same

standardized stimulus tape was employed in order to conduct a

longitudinal study. On this basis, habituation was calculated by

subtracting the response magnitude of Trial 3 from that of Trial

1, whereas the reorienting was indexed by the response difference

between Trial 4 and Trial 3. Consistent with previous studies

(Boucsein, 1992; Venables & Mitchell, 1996), mean magnitude

(including zero responses) rather than amplitude was analyzed in

the current study: Mean magnitude of the SCORs to each stim-

ulus were recorded at ages 3, 4, 5, 6, and 8 years. Further details

of the complete standard auditory stimulus tape used are given in

Venables (1978) and Raine et al. (2001).

SC data were collected using a Grass Type 79 polygraph with

a constant voltage system, Beckman miniature silver/silver chlo-

ride electrodes, and an electrolyte consisting of 0.5% KCl in 2%

agar–agar (for further details, see Raine et al., 2001; Venables,

1978). SC was recorded from the medial phalanges of the index

and middle fingers of the left hand. Responses greater than 0.05

mS beginning within a 1–3-s poststimulus latency window were

scored as SCORs.

All subjects were tested in a sound-insulated cubicle with a

controlled temperature of 301C. A dehumidifier was used to

minimize fluctuations in humidity. The child was seated on a

chair at each phase except at age 3, when the subject was seated

on the mother’s lap throughout testing.

Statistical Analysis

To elucidate the developmental trajectories of SCOR measures

over time, repeated measures analysis of variance using the mul-

tivariate approach (MANOVA) was carried out first, and latent

growth curve modeling was followed to analyze the longitudinal

data (McArdle, 2004). Studies have shown that, compared to

polynomial models, latent growth modeling is more efficient and

interpretable (McArdle & Bell, 2000; McArdle & Nesselroade,

2003).1 In a classical latent growth model, the score of each in-

dividual (Y [t]) is composed of the following components:

Y ½t� ¼ y0;n þ ys;n � Age½t�n þ e½t�n

(1) the y0,n (intercepts), which are latent scores representing the

individual’s initial level, (2) the ys,n (slopes), which are latent

scores representing the individual’s linear change over time, (3)

the Age[t]n, a set of basis coefficients that define the timing or

shape of the trajectory over time, and (4) the e[t]n, which are

unobserved but independent errors of measurements. On the

next level, the latent scores are decomposed into parameters

representing a mean and a variance term:

y0;n ¼ m0 þ d0;n and ys;n ¼ ms þ ds;n

where m0 and ms represent the fixed groupmeans for intercept and

slope, d0,n and ds,n imply individual deviations around these

means, and a set of random variance and covariance terms (s0
2,

ss
2,s0s) are used to describe the distribution of individual devi-

ations. Usually only one random error variance (se
2) is assumed.

Three models were fitted for each SCOR measure to deter-

mine the shape of trajectories. The first model was a no-growth

model (M0), which assumed no slope component and only three

parameters were estimated: an initial level mean (m0), an initial

variance (s0
2), and an error variance (se

2). Second, a linear growth

model (M1) was fitted, in which a linear pattern of change over

time was assumed and a fixed basis coefficient was formed by

taking A[t]5 [(Age[t]� 3)/5], or fixed values of A[t]5 [0, .2, .4,

.6, 1]. This linear scaling was chosen to permit a practical inter-

pretation of the slope parameters in terms of a per-5-year change.

Three more parameters were estimated: a slope mean (ms), a
variance (ss

2), and a correlation (r0s). The third model was a

latent basis growth model (M2), in which some of the loadings,

A[t], were free to vary. We fixed A[3]5 0 (at age 3) and A[8]5 1

(at age 8), but the three other coefficients were estimated from

the data.

Data were analyzed using Version 2 of Mplus (Muthén &

Muthén, 1998). One of the benefits of its use is a maximum

likelihood estimation procedure that uses all observations within

the data set, including those with data missing at one or more

waves. This reduces the sampling bias that occurs in approaches

such as listwise or pairwise deletion that excludes participants

with incomplete data. An expectation-maximization (EM) algo-

rithm (Little & Rubin, 1987) was used to estimate means, vari-

ances, and covariances among manifest variables using all data

available for each participant. The likelihood ratio (w2) and root

mean square error approximation (RMSEA) were used to eval-

uate the fit of each model. RMSEA assesses the degree of lack of

fit for a model and values less than .05 and .08 are taken to reflect

a close fit and a reasonable fit, respectively (Browne & Cudeck,

1993). Consistent with previous research (Venables & Christie,

1980), a square root transformation (using SQRT (magni-

tude10.0001)) was used before conducting the inferential statis-

tical analyses.

SCOR development in childhood 857

1We tried to fit the quadratic models and the program failed to con-
verge. Thus only latent basis growth models results are reported here.



Results

The patterns of complete and incomplete data are displayed in

Table 1. There were only five different patterns of incomplete

data: Most children were measured at all five ages (n5 173 or

174), 12 children (11 for habituation) hadmissing data at age 8, 6

children hadmissing age 6 data, 8 hadmissing data at both ages 6

and 8, and only 1 child missed data at the last three ages.

The mean SCOR magnitudes across trials are shown in

Figure 1 (N5 200). It can be seen that children appear to show

initial SCORs that increase with increasing age. Habituation

(smaller response to Trial 3 than to Trial 1) may be present at age

4 and thereafter. Reorienting (increased response to Trial 4 rel-

ative to Trial 3) seems not to be present until age 8.

MANOVA

MANOVA with Age and Trial as the within-subject factor and

Sex as the between-subjects factor was conducted on the initial

SCOR, habituation, and reorienting data from 172 complete

cases. Initial SCOR increased gradually with increasing age,

F(4,680)5 18.750, p5 .0001, with larger magnitudes at age 6

and 8 than for previous ages. Regarding habituation, a signifi-

cant Age � Trial interaction was found, F(4,680)5 15.277,

p5 .0001. Post hoc analyses showed that SC habituation is ab-

sent at age 3 but begins to appear from age 4 onward. An Age �
Trial interaction was also found in reorienting, F(3,510)5 4.030,

p5 .008, indicating significant SC reorienting at age 8 years,

t(171)5 � 3.533, p5 .001, d5 0.260, but not at other ages,

p4.131. The Trial � Sex interaction was found to be marginally

significant, F(1,170)5 3.174, p5 .077, suggesting a trend for

greater reorienting in females.

The potential confounding effects of age-related differences in

the rate of SCOR nonresponding on the development of SCOR

magnitude were examined when the above MANOVA analyses

were repeated with SCOR nonresponding rate entered as a cova-

riate. Essentially the same results were found. All the effects were

replicated at the .05 level.

In the following sections, latent growth curve modeling was

used to explore the developmental trajectories of these

SCOR measures. Numerical results from each model are listed

in Table 2.

Initial SCOR

The no-growth model (M0) yielded a model likelihood of

L2 5 � 169 (see Table 2). The linear growth model (M1) result-

ed in a new likelihood of L2 5 � 145 and showed an improve-

ment in fit over the baseline model (M1 vs. M0: Dw
2 5 24 on

Ddf5 3, po.05). The latent basis growth model (M2) produced

an improvement in the model likelihood (L2 5 � 135) and was

substantially better than both the baseline model (M2 vs. M0:

Dw2 5 34 on Ddf5 6, po.05) and the linear growth model (M2

vs. M1:Dw
2 5 10 on Ddf5 3, po.05). RMSEA was .055, indi-

cating that it was an acceptable model. Further analyses showed

that amodel (M3) with equality constraints at ages 4 and 5 and at

ages 6 and 8 fit well, L2 5 � 137, compared to M0:Dw
2 5 32 on

Ddf5 4, po.05, and compared to M1:Dw
2 5 8 on Ddf5 1,

po.05. This model produced a set of basis coefficients of [0, .389,

.389, 1, 1], indicating a nonlinear change in initial SCOR (Figure

2). The expected means at each age could be written as

m5 .2661.171 � [0]5 .266 for age 3, m5 .2661.171 �
[.389]5 .333 for ages 4 and 5, and m5 .2661.171 � [1]5 .437

for ages 6 and 8. The predicted trajectories of SCOR measures

from ages 3 to 8 are displayed in Figure 2.

The path diagram of initial SCOR over ages is shown in

Figure 3. The variance of intercept (s0
2 5 .026, SE5 .007,

po.05) was significant, whereas the variance of slope

(ss
2 5 .001, SE5 .010, p4.05) was not, suggesting that there

was meaningful individual variability around the group average

but not in change over time. Both intercept mean (m0 5 .266,

SE5 .022, po.05) and slope mean (ms 5 .171, SE5 .022,

po.05) were significantly different from zero, showing that chil-

dren’s initial SCOR increased over time. Finally, the rate of

change was not correlated with the level of initial SCOR at age 3,

r0s 5 .002, SE5 .007, p4.05.

Habituation

The linear growth model (M1) fit better than the baseline model

(M1 vs. M0: Dw
2 5 11 on Ddf5 3, po.05). The RMSEA (.068)

was also acceptable (Table 2). Although the latent basis growth

model showed an improvement in fit over the baseline model

(Dw2 5 13 on Ddf5 6, po.05), it was not substantially better

than the linear growth model (Dw2 5 2 on Ddf5 3, p4.05).

858 Y. Gao et al.

0.5

0.4

S
C

O
R

 M
ag

ni
tu

de
 (

   
   

 )

0.3

0.2

0.1

0
1 2 3 4

Trials

Test trial

Age 3

Age 4

Age 5

Age 6

Age 8

5 6

�
s

Figure 1. SCOR magnitudes across six trials at each age (N5 200).

Table 1. Patterns of Complete (x) and Incomplete (o) Data

(N5 200)

Pattern 1 2 3 4 5

Initial SCOR Age 3 x x x x x
Age 4 x x x x x
Age 5 x x x x o
Age 6 x x o o o
Age 8 x o x o o
Sample size 173 12 6 8 1

Habituation Age 3 x x x x x
Age 4 x x x x x
Age 5 x x x x o
Age 6 x x o o o
Age 8 x o x o o
Sample size 174 11 6 8 1

Reorienting Age 3 x x x x x
Age 4 x x x x x
Age 5 x x x x o
Age 6 x x o o o
Age 8 x o x o o
Sample size 173 12 6 8 1



Based on the linear growth model, neither the variance of inter-

cept (s0
2 5 .001, SE5 .003, p4.05) nor the variance of slope

(ss
2 5 .001, SE5 .010, p4.05) was significant, implicating the

relative homogeneity in the SC habituation development from

age 3 to 8 years. The slope mean (ms 5 .033, SE5 .015, po.05)

was significantly different from zero, whereas the intercept mean

(m0 5 .001, SE5 .056, p4.05) was not, suggesting that the ha-

bituation was absent at age 3 but increased linearly thereafter.

The initial level of habituation was not correlated with the rate of

change, r0s 5 .120, SE5 .106, p4.05. See Figure 2 for the pre-

dicted trajectory of habituation.

Reorienting

The no-growth model (M0) yielded a good fit (w2 5 10, df5 17,

p4.05) with three parameters: an initial level mean (m0 5 � .001,

SE5 .033, p4.05), an initial variance (s0
2 5 .015, SE5 .024,

p4.05), and an error variance (se
2 5 .980, SE5 .050, po.05).

The RMSEA (.023) also indicated that it was a very good fit (see

Table 2). Both linear and latent basis growthmodelswere fitted to
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Table 2. Numerical Results from Latent Growth Model Fitted to Initial SCOR, Habituation, and Reorienting from Ages 3 to 8 (N5 200)

Parameters

Initial SCOR Habituation Reorienting

M0 M1 M2 M3 M0 M1 M2 M0

Fixed effects
Basis a[3] 1, 0 1, 0 1, 0 1, 0 1, 0 1, 0 1, 0 1, 0
Basis a[4] 1, 0 1, .2 1, 0.405 1, 0.389 1, 0 1, .2 1, 0.597 1, 0

(0.155) (0.112) (0.234)
Basis a[5] 1, 0 1, .4 1, 0.496 1, 0.389 1, 0 1, .4 1, 1.243 1, 0

(0.156) (0.112) (0.357)
Basis a[6] 1, 0 1, .6 1, 1.255 1, 1 1, 0 1, .6 1, 0.885 1, 0

(0.199) (0.242)
Basis a[8] 1, 0 1, 1 1, 1 1, 1 1, 0 1, 1 1, 1 1, 0
Level m0 .337 .267 .245 .266 .09 .001 .033 � .001

(.014) (.017) (.021) (.022) (.008) (.056) (.017) (.033)
Slope ms F .167 .152 .171 F .033 .077 F

(.023) (.025) (.022) (.015) (.028)
Random effects
Error se

2 .067 .065 .062 .062 .055 .057 .051 .980
(.003) (.004) (.004) (.004) (.003) (.003) (.003) (.050)

Level s0
2 .026 .025 .025 .026 .002 .001 .001 .015

(.004) (.006) (.007) (.007) (.001) (.003) (.005) (.024)
Slope ss

2 F .001 .001 .001 F .001 .008 F
(.012) (.007) (.010) (.010) (.009)

Correlation F .323 .400 .002 F .120 .351 F
r0s (.110) (.178) (.007) (.106) (.201)
Fit indices
Number of parameters 3 6 9 7 3 6 9 3
df 17 14 11 13 17 14 11 17
Log likelihood � 169 � 145 � 135 � 137 19 30 32 � 1364
Likelihood ratio DLL/Ddf n.s. 24/3 10/3 8/1 n.s. 11/3 2/3 n.s.
RMSEA .147 .100 .055 .070 .103 .068 .064 .023
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Figure 2. Predicted developmental trajectories of initial SCOR,

habituation, and reorienting from ages 3 to 8.
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data, but neither led to an improvement in fit over the no-growth

model, and consequently they are not presented in Table 2. The

nonsignificant intercept mean and slope mean suggest that SC

reorienting is absent in children from ages 3 to 8 (Figure 2).

Nonresponding Rates

Only 20.9% of participants (n5 36) responded to the first stim-

ulus at all ages whereas 6.4% of participants (n5 11) did not

respond at any time point. To examine whether there are sys-

tematic changes in the nonresponding rate across time, latent

growth curve modeling with repeated categorical data (Von Eye

& Niedermeier, 1999) was conducted on the 172 complete cases.

Compared to no-growth model ( w2 5 63.600, df5 11, po.05)

and linear growth model ( w2 5 21.884, df5 9, po.05), the latent

basis growthmodel fits the data best, w2 5 4.657, df5 7, p5 .589,

RMSEA5 .000. The variance of intercept (s0
2 5 .569,

SE5 .081, po.05) but not the variance of slope (ss
2 5 .001,

SE5 .155, p4.05) was significant, indicating individual vari-

ability around the group mean nonresponding rate only. Slope

mean (ms 5 � .565, SE5 .142, po.05) was significantly different

from zero, showing that rate of nonresponding decreased over

age. Finally, the two latent factors were not significantly corre-

lated, r0s 5 � .082, SE5 .088, p4.05. This model produced a

basis loading set: [0, 0.136, 0.114, 1.239, 1]. Loading at age 6

(a[6]5 1.239, SE5 .325, po.05) but not at age 4 (a[4]5 .136,

SE5 .182, p4.05) or age 5 (a[5]5 .114, SE5 .189, p4.05) was

significantly different from zero, suggesting that there were sub-

stantially more children showing SCOR at age 6 than previous

ages. Further analyses showed that the nonresponding rate did

not differ between ages 6 and 8.

Gender Differences

To examine whether the above developmental trajectories are

equal across two gender groups, the multiple group approach

(McArdle & Bell, 2000) was used for each SCOR measure. The

sample was divided into two separate groups: boys (n5 100) and

girls (n5 100). First, the invariant model with equality con-

straints imposed on all parameters for boys and girls was fitted.

Second, parameters such as latent means, variances and covari-

ances, latent coefficients, and unique variances were released hi-

erarchically. In each step, the model fit was compared with that

of the invariant model. Results showed that these constraints did

not lead to a significant decrement in model fit, indicating that

the shape of each SCOR measure growth trajectory was similar

between boys and girls.

Discussion

In this longitudinal study, the developmental trajectories of the

SCOR, habituation, and reorienting to nonsignal auditory stim-

uli from ages 3 to 8 years were examined. Key findings are as

follows: (1) at age 3, initial SCOR is present and increases grad-

ually between ages 3 and 4 and increases more quickly from age 5

to 6, at which point it begins to level off, (2) habituation emerges

by age 4 and increases gradually until age 8, (3) reorienting is not

present between ages 3 to 8, and (4) these development changes

are similar for boys and girls. Essentially the same findings were

observed using MANOVA, with the exception that an age effect

on reorienting was observed. Overall, findings suggest that the

SCOR is a sensitive indicator of age-related changes in atten-

tional resource allocation in early childhood.

In older children, we obtained increased habituation to non-

signal stimuli. This positive relationship between age and SC

habituation may at first seem to be contrary to previous findings

on age-related changes in habituation with adults (Eisenstein,

Bonheim, & Eisenstein, 1995; McDowd & Filion, 1992; Weisz &

Czigler, 2006). In Eisenstein et al.’s study, a series of 500-Hz,

65-dB tones was presented to elicit the galvanic skin response

(GSR) in male college students aged 18–39 years. Older students

were found to habituate more slowly than did younger ones.

Similarly, McDowd and Filion also observed fast habituation in

younger adults (mean age5 18.8 years) but slower habituation in

the older group (mean age5 73.7 years). The same pattern was

found when visual stimuli were used (Weisz & Czigler). Putting

these past adult findings together with the current findings on

young children, the relationship between age and the magnitude

of SC habituation may take an inverted-U shaped relationship,

with maximal habituation in the teens or early adulthood.

In adults, the SCR has been found to be associated with cog-

nitive functioning, working memory, and behavioral inhibition.

Raine (1987) found that increased SCOR frequency was signifi-

cantly associated with better performance on arithmetic and digit

span tasks in two independent samples. Plouffe and Stelmack

(1984) examined SCORs to picture stimuli in adult women dur-

ing a free recall task and found that recalled items elicited more

frequent and larger SC responses than the nonrecalled items. In a

recent review, reduced orienting reaction has been reported to be

associatedwith decreased behavioral inhibition (Vloet, Herpertz-

Dahlmann, & Herpertz, 2006). Although no clear link between

executive functioning and the SCOR has been reported in chil-

dren, our findings of increased SCOR from ages 3 to 4 years

parallel previous findings of considerable improvement in exec-

utive functions and the development of theory-of-mind during

this period (Flavell, Flavell, & Green, 1983; Hughes, 1998;

Zelazo, Frye, & Rapus, 1996). For example, Flavell and col-

leagues found that 4-year-olds performed significantly better

than younger children in a typical variant of the ‘‘false-belief

task’’. Furthermore, at this age, children’s performance in self-

control tasks requiring suppression of some prepotent response

in favor of a new response improves remarkably (Hughes; Zelazo

et al.). The increase in SC habituation at this age may be asso-

ciated with the development of children’s theory-of-mind, re-

sponse inhibition, and self-control. It is conceivable that

improved habituation establishes a beneficial autonomic inhib-

itory state, which facilitates filtering of irrelevant stimuli and

retaining appropriate information and the correct strategy need-

ed to further a new goal. Although this perspective is speculative,

future replication of the current findings may contribute to a

better understanding of the association between SCOR and ex-

ecutive functioning.

Based on the current study, it appears that the strongest de-

velopmental increases in SCOR magnitude occurred between

ages 5 and 6 years. Functional brain imaging studies have shown

that the SCOR to nonsignal auditory stimuli is associated with

increased activation in the hippocampus, anterior cingulate, and

ventromedial prefrontal cortex in normal adults (Williams et al.,

2000). The increase in SCOR magnitude from ages 5 to 6 years

seems partly consistent with findings documenting the growth of

the cerebral hemispheres across the first 10 years of life, with a

very pronounced increment in EEG phase present in left tem-

poral-frontal electrode sites from ages 4 to 6 years (Thatcher,

Walker, & Giudice, 1987) and the highest level of rate of EEG

coherence growth between frontal and posterior lobes at age 6
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(Thatcher, 1992). Furthermore, the rate of growth of working

memory (counting span and spatial span) has been found to

peak around age 6 during middle childhood (Crammond, 1992;

Menna, 1989). This approximate correspondence in the shape

and position of the SCOR, EEG, and working memory trajec-

tories may suggest that these three sets of data are broadly in-

dexing a common underlying set of changes. It seems reasonable

to suggest that some similar set of underlying changes in the

central nervous system are involved in the cycle of behavioral,

EEG, and SCOR growth in children during the ages examined

here.Moreover, at ages 5 to 6 years children begin to enter school

and experience a wider, richer environment. Given that environ-

mental enrichment in animals has been shown to result in ne-

urogenesis in the hippocampus (Kempermann & Gage, 1999),

and given the role of the hippocampus in orienting (Critchley,

2002; Williams et al., 2000), the novelty of the school experience

at age 6 inMauritian children may partly explain why the SCOR

at age 6 increases strongly compared to previous ages. Therefore,

neurogenesis in the hippocampus caused by environmental en-

richment may contribute to both the periods of major change

in EEG coherence and SCOR developmental patterns at this

age period.

These age-related changes in SCOR and habituation may be

produced by the different development of central and peripheral

neural systems (Cariga, Catley, Mathias, & Ellaway, 2001) that

regulate skin conductance orienting. Anatomical studies in hu-

mans have suggested that higher control of sympathetic arousal

and SC is associated with a neural network involving prefrontal

and parietal cortices and limbic structures, including the anterior

cingulate and medial temporal lobe, with some lateralization to

the right hemisphere (Critchley, 2002; Hazlett et al., 1993; Thiel,

Zilles, & Fink, 2004; Williams et al., 2000). The developmental

changes in number of neurons, axonal projections, and synapses

are not identical for each part of the nervous system (Uylings,

2001). Moreover, influences on synaptic efficacy and myelin-

ization may also contribute to the discrepancy of maturation

rates. As for the peripheral sympathetic nervous system, previous

studies have found increased sweat gland duct length (Shankle,

Azen, & Landing, 1982), reduced sweat gland count (Catania,

Thompson, Michalewski, & Bowman, 1980), as well as de-

creased output per sweat gland (Porges & Fox, 1986) with age in

adults. Therefore, the observed age-related changes inmagnitude

of the stimulus-elicited SCOR in the current study may be as-

sociated with the development of the above central and periph-

eral nervous system in early childhood.

In contrast to the finding of reorienting at age 8 from

MANOVA, no such effect was observed based on the latent

growthmodeling. This discrepancymay possibly be explained by

the listwise deletion used in the former method, whereas the EM

algorithm used in latent growth modeling is considered to lead to

less biased estimation and more reliable results. As mentioned

above, SC reorienting reflects the ability to detect small changes

in environmental stimuli, with the increase in magnitude pro-

portionate to the extent of change (Sokolov, 1960, 1963). The

failure to find this SC increases in the current study using latent

growth curve analysismay be due to the relatively weak change in

stimuli frequency. For example, Siddle and Heron (1976) found

that SC reorienting magnitude was significantly larger when the

subjects were presented with a tone change of 620 Hz than a

change of 330Hz. In the current study, the 1000–1311Hz change

may not have been sufficient to elicit SC reorienting in children

aged 3–8 years. Perhaps a larger change in stimulus frequency

could have resulted in the predicted difference. In future research,

manipulation of the degree of change in stimulus parameters

should be used to examine in more detail the development of SC

reorienting in children.

One of the limitations of this study is that this sample was

composed of community-recruited children. Moreover, the sub-

jects are culturally and ethnically a somewhat unique sample.

Thus, the trajectories of SCOR measures obtained with this

sample may not necessarily generalize to Western samples or to

clinical populations. However, our understanding of the neuro-

development in normal childrenmay shed light on the knowledge

of neural deficits in children with personality disorder as indexed

by reduced SCRs. Given limitations in conducting fMRI in

young children, there may be continuing advantages in applying

the traditional SCOR paradigm to provide a peripheral indicator

of the maturity of the brain circuit (including the hippocampus,

ventromedial and dorsolateral prefrontal cortex, and anterior

cingulate) involved in orienting.

One noteworthy issue is that, in this study, development

changes in SCOR were found using a constant voltage system,

which contradicts the claim that method of recording may ex-

plain the failure to obtain age differences in phasic SCRs (Cat-

ania et al., 1980); the constant current method is thought to be

more sensitive to the decrease with age in the number of the active

sweat glands. Findings from the current study suggest that the

method of recording is not a major factor for the detection of age

effects on SCOR.

To the authors’ knowledge, this is the first study investigating

the development of SCOR, habituation, and reorienting in early

childhood in both boys and girls. In summary, older children

produce larger responses that habituate more quickly than in

younger children; duringmiddle childhood, children do not show

a response increase to a small change in stimuli frequency; boys

and girls show similar trajectories in SCORmeasures. These age-

related changes in orienting to some extent parallel EEG and

cognitive developmental changes in children in this age range.

Maturation of central nervous system, especially neurogenesis in

the hippocampus caused by environmental enrichment (partic-

ularly when beginning school), may be partly associated with

SCOR development in childhood.

REFERENCES

Bornstein, M. H., Tamis-LeMonda, C. S., Tal, J., Ludemann, P., Toda,
S., Rahn, C. W., et al. (1992). Maternal responsiveness to infants in
three societies: The United States, France, and Japan. Child Devel-
opment, 63, 808–821.

Boucsein, W. (1992). Electrodermal activity. New York: Plenum Press.
Browne, M. W., & Cudeck, R. (1993). Alternative ways of assessing

model fit. In K. Bollen & S. Long (Eds.), Testing structural equation
models (pp. 136–162). Beverly Hills, CA: Sage.

Cariga, P., Catley, M., Mathias, C. J., & Ellaway, P. H. (2001).
Characteristics of habituation of the sympathetic skin response to
repeated electrical stimuli in man. Clinical Neurophysiology, 112,
1875–1880.

Catania, J. J., Thompson, L. W., Michalewski, H. A., & Bowman, T. E.
(1980). Comparisons of sweat gland counts, electrodermal activity,
and habituation behavior in young and old groups of subjects. Psy-
chophysiology, 17, 146–152.

SCOR development in childhood 861



Crammond, J. (1992). Analyzing the basis cognitive developmental pro-
cesses of children with specific types of learning disability. In R. Case
(Ed.), The mind’s staircase: Exploring the conceptual underpinnings of
human thought and knowledge ( pp. 285–303). Hillsdale, NJ: Erlbaum.

Critchley, H. D. (2002). Electrodermal responses: What happens in the
brain. Neuroscientist, 8, 132–142.

Crowell, D. H., Davis, C. M., Chun, B. J., & Spellacy, F. J. (1965).
Galvanic skin reflex in newborn humans. Science, 148, 1108–1111.

Dawson, M. E., Schell, A. M., & Filion, D. L. (2007). The electrodermal
system. In J. T. Cacioppo, L. G. Tassinary, & G. Berntson (Eds.),
Handbook of psychophysiology (3rd ed., pp. 159–181). New York:
Cambridge University Press.

DeBoskey, D., Kimmel, E., & Kimmel, H. D. (1979). Habituation and
conditioning of the orienting reflex in intellectually gifted and average
children. In H. D. Kimmel, E. H. van Olst, & J. F. Orlebeke (Eds.),
The orienting reflex in humans (pp. 677–684). Hillsdale, NJ: Erlbaum.

Eisdorfer, C., Doerr, H. O., & Follette, W. (1980). Electrodermal reac-
tivity: An analysis by age and sex. Journal of Human Stress, 6, 39–42.

Eisenstein, E. M., Bonheim, P., & Eisenstein, D. (1995). Habituation of
the galvanic skin response to tone as a function of age. Brain Research
Bulletin, 37, 343–350.

Flavell, J. H., Flavell, E. R., & Green, F. L. (1983). Development of the
appearanceFreality distinction. Cognitive Psychology, 15, 95–120.

Fowles, D., Koshanaka, G., & Murrey, K. (2000). Electrodermal ac-
tivity and temperament in preschool children. Psychophysiology, 37,
777–787.

Furedy, J. J., & Ginsberg, S. (1975). Test of an orienting-reaction-re-
covery account of short-interval autonomic conditioning. Biological
Psychology, 3, 121–129.

Geer, J. H. (1969). Generalization of inhibition in the orienting response.
Psychophysiology, 6, 197–201.

Graham, F. K. (1973). Habituation and dishabituation of responses
innervated by the autonomic nervous system. In H. V. S. Peeke &
M. J. Herz (Eds.), Habituation: Vol. 1. Behavioral studies (pp. 163–
218). New York: Academic Press.

Hazlett, E. A., Dawson,M. E., Buchsbaum,M. S., &Nuechterlein, K. H.
(1993). Reduced regional brain glucose metabolism assessed by
Positron Emission Tomography in electrodermal nonresponder
schizophrenics: A pilot study. Journal of Abnormal Psychology, 102,
39–46.

Hugdahl, K. (1995). Psychophysiology: The mind-body perspective (Per-
spectives in cognitive neuroscience). Cambridge, MA: Harvard Uni-
versity Press.

Hughes, C. (1998). Executive function in preschoolers: Links with theory
of mind and verbal ability. British Journal of Developmental Psychol-
ogy, 16, 233–253.

Janes, C. L., Hesselbrock, V., & Stern, J. A. (1978). Parental psycho-
pathology, age, and race as related to electrodermal activity of chil-
dren. Psychophysiology, 15, 24–34.

Kempermann, G., & Gage, F. H. (1999). Experience-dependent regu-
lation of adult hippocampal neurogenesis: Effects of long-term stim-
ulation and stimulus withdrawal. Hippocampus, 9, 321–332.

Koriat, A., Averill, J. R., & Malmstrom, E. J. (1973). Individual differ-
ences in habituation: Some methodological and conceptual issues.
Journal of Research in Personality, 7, 88–101.

Lader, M. (1964). The effects of cyclobarbitone on the habituation of the
psychogalvanic reflex. Brain, 87, 321.

Little, R. J. A., & Rubin, D. B. (1987). Statistical analysis with missing
data. New York: Wiley & Sons.

McArdle, J. J. (2004). Latent growth curve analysis using structural
equation modeling techniques. In D. M. Teti (Ed.), The handbook of
research methods in developmental psychology (pp. 340–366). New
York: Blackwell Publishers.

McArdle, J. J., & Bell, R. Q. (2000). Recent trends in modeling longi-
tudinal data by latent growth curve methods. In T. D. Little, K. U.
Schnabel, & J. Baumert (Eds.), Modeling longitudinal and multiple-
group data: Practical issues, applied approaches, and scientific exam-
ples (pp. 69–107). Mahwah, NJ: Erlbaum.

McArdle, J. J., & Nesselroade, J. R. (2003). Growth curve analyses in
contemporary psychological research. In J. Schinka & W. Velicer
(Eds.), Comprehensive handbook of psychology, vol. 2: Research meth-
ods in psychology (pp. 447–480). New York: Pergamon Press.

McDowd, J. M., & Filion, D. J. (1992). Aging, selective attention, and
inhibitory processFA psychophysiological approach. Psychology
and Aging, 7, 65–71.

McManis, M. H., Bradley, M. M., Berg, W. K., Cuthbert, B. N., &
Lang, P. J. (2001). Emotional reactions in children: Verbal, physio-
logical, and behavioral responses to affective pictures. Psychophys-
iology, 38, 222–231.

Menna, R. (1989). Working memory development: An E.E.G. investiga-
tion. Unpublished Master’s thesis, University of Toronto.

Morrow, M. C., Boring, F. W., Keough, T. E., & Haesly, R. R. (1969).
Differential GSR conditioning as a function of age. Developmental
Psychology, 1, 299–302.

Muthén, L. K., &Muthén, B. O. (1998).Mplus user’s guide. Los Angeles,
CA: Muthén & Muthén.
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