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Ninety-three pregnant women were recruited to assess fetal learning and memory, based on habituation to
repeated vibroacoustic stimulation of fetuses of 30–38 weeks gestational age (GA). Each habituation test was
repeated 10 min later to estimate the fetal short-term memory. For Groups 30–36, both measurements were
replicated in a second session at 38 weeks GA for the assessment of fetal long-term memory. Within the time
frame considered, fetal learning appeared GA independent. Furthermore, fetuses were observed to have a
short-term (10-min) memory from at least 30 weeks GA onward, which also appeared independent of fetal
age. In addition, results indicated that 34-week-old fetuses are able to store information and retrieve it
4 weeks later.

Habituation is the decrement in attention or
response following repeated stimulation with the
same stimulus (Thompson & Spencer, 1966). This
phenomenon can be distinguished from phenom-
ena such as effector fatigue or receptor adaptation
as it requires an immediate recovery of the
response on presentation of a different stimulus,
and it also requires that the response decrement
occurs faster upon re-presentation of the original
stimulus (Jeffrey & Cohen, 1971; Thompson &
Spencer, 1966). The first study of fetal habituation
was reported in 1925, in which a decrease in fetal
movements was observed after repeated stimula-
tion with a car horn (Peiper, 1925). Since then, sev-
eral studies have shown that repeated stimulation
of a fetus with the same stimulus, such as an elec-
tric toothbrush (Leader, Baillie, Martin, & Vermeulen,
1982a), a vibroacoustic stimulator (van Heteren,
Boekkooi, Jongsma, & Nijhuis, 2000), or a door
buzzer (Shalev, Weiner, & Serr, 1990), resulted in a

decrement of its response. The decrement of the
fetal response was assessed by, for example,
changes in fetal heart rate (Gagnon, Hunse, Carmi-
chael, Fellows, & Patrick, 1987) or fetal movements
(Morokuma et al., 2004).

Habituation is considered to represent a form
of learning, and probably requires an intact and
functioning central nervous system (CNS; Jeffrey
& Cohen, 1971). A better understanding of the
normal development of the fetal CNS will lead
to more insight into abnormalities, allowing pre-
vention and ⁄or extra care in the first years of
life, and as a consequence to less problems in
later life. Fetuses whose behavioral development
lags behind need significantly more stimuli
before habituation occurred than well-developed
fetuses of the same gestational age (GA). This
was demonstrated by Morokuma et al. (2004),
who defined three behavioral indicators to clas-
sify the developmental stage of fetal CNS func-
tion: (a) alteration of the eye movement and no
eye movement periods, (b) rapid and slow eye
movement patterns, and (c) concurrence of regu-
lar mouthing movement in the no eye movement
period. Impaired habituation performance has
also been identified in fetuses diagnosed with
Down syndrome. In the study by Hepper and
Shahidullah (1992), one fetus failed to habituate
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completely and the other habituated more slowly
than the normal fetuses tested.

It is likely that memory starts to develop during
the prenatal period. In the beginning, it probably
functions in some rudimentary form and develops
as the individual matures. Fetal memory may be
important for the development of attachment and
maternal recognition, for the establishment of
breastfeeding, and for language acquisition
(Hepper, 1996). Memory can be divided into short-
term memory (STM), which may last seconds to a
couple of hours; long-term memory, which may last
hours to months; and a long-lasting memory, which
may last a lifetime (McGaugh, 2000). van Heteren
et al. (2000) and van Heteren, Boekkooi, Jongsma,
and Nijhuis (2001) used fetal habituation to assess
fetal memory. Repeated vibroacoustic stimuli of 1 s
each were applied every 30 s, and a general move-
ment of the fetal trunk within 1 s of application was
defined as a positive response. Cessation of the fetal
response movements for four consecutive stimuli
was taken to indicate habituation. Using this meth-
odology, these authors observed that an STM of at
least 10 min is present in normal healthy term
fetuses, which may even last for 24 hr.

Several investigators studied fetal habituation in
relation to postconceptional age with inconsistent
results. Morokuma et al. (2004), for example, defin-
ing habituation as the gradual and ultimately com-
plete extinction of the fetal movement response for
five consecutive vibroacoustic stimuli, observed
that the number of stimuli required for habituation
was significantly and inversely related to GA.
Groome, Gotlieb, Neely, and Waters (1993) scored
the intensity of the fetal response to each stimulus
and classified the fetal response as: fast general (a
rapid, intense, full-body startle response), fast local
(a fast head or limb movement), slow roll (slow
turning of fetus, usually confined to slow move-
ment of the head and ⁄or trunk), and no response.
Repeated vibroacoustic stimuli were given for 2 s
each, separated by 5-s off periods. In total, a maxi-
mum of 14 stimuli were presented. Groome et al.
also found that older fetuses habituated signifi-
cantly faster than younger ones. Madison, Madison,
and Adubato (1986), on the other hand, could not
find a significant correlation between fetal age and
the rate of habituation. However, they used a vibra-
tor to stimulate the fetuses and defined habituation
as extinction of the fetal response for five consecu-
tive stimulations. Consequently, it is still not
known from what postconceptional age a fetal
memory can be ascertained and for how long a
fetus can recognize a specific stimulus. Therefore,

the purpose of this study was to investigate from
which GA fetal learning and memory can be estab-
lished, how long fetal memory lasts, and whether
fetal learning and memory depend on fetal age.

Method

Study Population

The population of the habituation study included
100 healthy Dutch Caucasian pregnant women who
were recruited through midwives in the Southern
Limburg region of the Netherlands and the Depart-
ment of Obstetrics and Gynaecology of the
Maastricht University Medical Centre (MUMC) in
Maastricht. The study was approved by the Ethics
Committee of the MUMC and all mothers gave
their informed consent in writing.

Inclusion criteria at intake were: (a) GA between
28 and 38 completed weeks (GA was determined
using the last menstrual period or by ultrasound
when dates were uncertain); (b) absence of mater-
nal metabolic, cardiovascular, renal, or neurological
disorders; (c) no use of medication (iron and folate
allowed), drugs, or alcohol (more than seven
glasses per week); (d) smoking less than six ciga-
rettes per day; (e) no change in nutritional habits
during pregnancy; (f) no depression during the
present pregnancy or not more than one episode of
depression before the present pregnancy; (g) a dia-
stolic blood pressure below 90 mmHg; and (h) sin-
gle fetus without apparent structural anomalies.

Exclusion criteria during the study were: (a) par-
turition before Week 37 or after Week 43 of gesta-
tion, (b) fetus with a birth weight below the 10th
percentile according to population-based tables
adjusted for pregnancy duration and fetal sex
(Gerver & de Bruin, 2001), and (c) abnormal amni-
otic fluid volume as assessed by ultrasound.

Maternal and Neonatal Characteristics

At the start of the study, a basal (intake) ques-
tionnaire was filled out by all volunteers, which
included the following items: maternal age, pre-
pregnancy weight, height, weight and height of the
father, medical history of the mother including for-
mer pregnancies, maternal consumption of fish and
nutrient supplements, smoking and drinking habits
of the mother, and choice of infant feeding. Educa-
tion was scored on an 8-point scale, ranging from
primary education to higher vocational training
and university (de Bie, 1987). The outcome of each
pregnancy was examined in terms of the mode
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of delivery, birth weight, Apgar scores, infant sex,
GA at delivery, and the presence of neonatal
abnormalities.

Fetal Habituation Method

Fetal habituation was assessed according to the
protocol used by van Heteren et al. (2000) and van
Heteren, Boekkooi, Schiphorst, Jongsma, and
Nijhuis (2001). All habituation tests were performed
by the same examiner (C.E.H.D.) between 5 and
8 p.m. in a darkened quiet room. The volunteers
were placed in a semirecumbent position and were
not allowed to drink coffee or tea, smoke, and eat
for 3 hr before testing.

Every 30 s, a vibroacoustic stimulus (VAS) of 1 s
was applied to the maternal abdomen above the
fetal legs, using a fetal vibroacoustic stimulator
(Corometrics model 146, Wallingford, CT; audible
sound 20–9000 Hz, vibrations 67–83 Hz, sound
level 74 dB at 1 m in air). Movements of the fetus
within 1 s after application of the stimulus, moni-
tored by an ultrasound scanner (HDI-5000; Philips
Medical Systems, ATL Ultrasound, Bothell, WA)
displaying the fetal trunk, were considered a posi-
tive response. VAS-elicited fetal responses are typi-
cal immediate movements that can easily be
distinguished from a coincidental movement by the
mother. Therefore, fetal movements experienced by
the mother within 1 s after application of the stimu-
lus, but missed by the scanner, were accepted as a
positive response also. However, in the vast major-
ity of the tests, movements were readily picked up
by the scanner. Disappearance of the response for
four consecutive stimuli was taken to demonstrate
habituation. To prevent interference by spontaneous
fetal movements, habituation tests started after a
3-min period in which the fetus was not moving
spontaneously (ten Hof et al., 1999). After fetal

habituation was identified, stimulation was
stopped. There was a maximum of 24 stimulus
applications in each test. However, when a fetus
was still responding to the 21st stimulus, a mini-
mum of four extra stimuli would be necessary to
determine habituation. Therefore, no further stimuli
were given if a fetus still responded to the 21st
stimulus. The habituation rate (HR) was defined as
the number of consecutive stimuli applied before
habituation was established. This is considered a
measure of the fetal learning capacity at the
moment of the habituation measurement. Habitua-
tion tests, in which fetuses reacted inconsistently to
the VAS so that habituation could not be estab-
lished, were considered missing and, as a conse-
quence, these data were ignored in calculating and
analyzing the results. Fetuses were excluded if they
did not respond to VAS at the initial habituation
test.

Measuring Scheme and Calculations of Fetal Learning
and Memory

Habituation was measured several times in each
fetus, as explained in the following and outlined in
Table 1.

HR (Fetal Learning) as a Function of GA

Depending on their pregnancy durations, volun-
teers were divided into five groups. Fetal HR were
measured at two times during a first test session at
GA of 30 (Group 30), 32 (Group 32), 34 (Group 34),
36 (Group 36), or 38 weeks (Group 38). For Groups
30–36, these two measurements were repeated dur-
ing a second test session at 38 weeks GA. The val-
ues of the first HR measurement (HR-A) were
considered a measure of fetal learning and were
correlated with GA, as described in Data Analysis.

Table 1

Schedule of Habituation Measurements per Group

Group

First session Second session

GA 30 GA 32 GA 34 GA 36 GA 38

A B A B A B A B A B C D

30 HR HR HR HR

32 HR HR HR HR

34 HR HR HR HR

36 HR HR HR HR

38 HR HR N/A

Note. HR measurement = measurement of habituation rate; GA = gestational age in weeks; A = initial habituation rate measurement at
first session; B = repetition, 10 min after A; C = initial measurement at second session; D = repetition, 10 min after C.
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Fetal 10-Min Memory

The difference in HR of a given fetus between
the two tests in each session is taken as a reflection
of its short-term (10-min) memory and is expressed
as a percentage of the initial HR.

After the initial habituation test of the first ses-
sion at 30, 32, 34, 36, or 38 weeks of gestation
(HR-A; Table 1), all fetuses were tested again in
exactly the same way 10 min later (HR-B). The fetal
10-min memory during these first test sessions
(STM-1) was calculated as 100 · [(HR-A) ) (HR-
B)] ⁄ (HR-A).

At 38 weeks GA, HR of the fetuses of Groups
30–36 were again measured twice with a 10-min
interval (HR-C and HR-D, respectively) and the 10-
min memory during this second session (STM-2)
was calculated as 100 · [(HR-C) ) (HR-D)] ⁄ (HR-C).
However, if fetuses did not respond to the initial
VAS stimulus at the second session (HR-C = 0),
percentage calculation would require division by
zero, which is not possible. Therefore, 0.5 was
added to all HR values measured.

Fetal Long-Term Memory

The HR measured in fetuses of Groups 30–36 at
38 weeks GA may, at least partly, result from
‘‘memorizing’’ the earlier habituation measure-
ments at 30–36 weeks GA. If this is the case, their
HR values at 38 weeks GA (HR-C) will be signifi-
cantly lower than their HR values at 30–36 weeks
GA (HR-A) and they will also be significantly lower
than those of 38-week-old fetuses who did not
experience an earlier habituation test before (Group
38). Therefore, to assess the presence of a long-term
memory in 38-week-old fetuses, HR-C values of the
fetuses of Groups 30–36 were statistically compared
to their own HR-A values. Finally, in the groups in
which this comparison demonstrated significance
(indicating the presence of a long-term memory
indeed), these HR-C values were statistically com-
pared with the HR-A values of Group 38. This com-
parison was not performed in groups with no
significant differences between HR-C and HR-A
values, as this outcome excludes the presence of a
long-term memory.

Data Analysis

All data were checked for normality by histo-
grams and Shapiro’s test. As most data were not
normally distributed, nonparametric statistics were
applied for data evaluation.

Differences in maternal and neonatal characteris-
tics between the five groups were tested for signifi-
cance with either the chi-square test (discrete
variables) or the Kruskal–Wallis test (continuous
variables). Differences between paired data were
evaluated with the Wilcoxon signed-rank test and
distinctions between unpaired data were analyzed
with the Mann–Whitney U test.

Relations between two variables were assessed
with the Spearman’s rank correlation test. Applica-
tion of the various tests will be mentioned when
describing the results. For all statistical analyses,
a p value < .05 was considered statistically
significant. All statistical analyses were performed
using the statistical package SPSS 11.5 for
Windows.

Results

Eleven women who were included in the study
dropped out for various reasons: (a) 1 volunteer
delivered (almost 24 hr after rupture of the mem-
branes) her baby before the planned test date at
38 weeks GA and her baby died 1 day after birth
due to a streptococcal infection, (b) 2 mothers had
pregnancy-induced hypertension, (c) 1 volunteer
stopped because her fetus developed intra-uterine
growth retardation, (d) 1 child was born before
37 weeks GA, (e) 1 child had a birth weight below
the 10th percentile, and (f) 5 volunteers were
excluded because their fetuses did not react to the
VAS at the initial habituation test of the first session
(HR-A). Women who were excluded during the
study were replaced by new volunteers. However,
due to time restrictions, 7 volunteers could not be
replaced, leaving 93 volunteers instead of 100.
Therefore, Group 30 included 17 volunteers and
Groups 32 and 38 consisted of 18 volunteers instead
of 20.

The relevant maternal and neonatal characteris-
tics are displayed in Table 2. Groups did not differ
significantly in maternal age, height, prepregnancy
BMI, educational level, parity, and mode of deliv-
ery (p = .189–.991, Kruskal–Wallis test). Differences
in neonatal weight, GA at delivery, and Apgar
score at 5 min (p = .301–.909, Kruskal–Wallis test)
were also not significant between the groups. The
same holds for infant sex, although there was a
trend for a higher number of female fetuses
(p = .052, chi-square test). All included neonates
were in good health after birth, with a 5-min Apgar
score ‡ 8 and birth weight > 10th percentile, and no
congenital anomalies were detected.
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Participants with incomplete data were neverthe-
less included. As a consequence, not all data analy-
ses were based on the same number of participants.
In the vast majority of the habituation tests (95.2%),
the presence or absence of habituation could reli-
ably be established. Only in 16 of the 336 tests, this
appeared impossible, due to irregular responses (4
tests) or birth before the planned test date (12 tests).
These 16 habituation tests concerned 9 fetuses that
did not differ from the others for the earlier-men-
tioned maternal and neonatal clinical characteristics
(p = .092–.784, Mann–Whitney U test). The discrete
variable infant sex was also not significantly differ-
ent (p = .677, chi-square test). However, as
expected, a significant difference existed in GA
(p = .001, Mann–Whitney U test) due to the fetuses
who were born before the planned test date. The
maternal and neonatal characteristics of the fetuses
(n = 5) who were excluded due to nonresponses at
HR-A were comparable with those included in the
statistical analyses (p = .209–.891, Mann–Whitney U
test); this also accounts for infant sex (p = .992, chi-
square test). The results of all habituation measure-
ments are given in Table 3.

HR (Fetal Learning) as a Function of GA

At 30 weeks GA, almost all fetuses demonstrated
habituation already, and no significant relation was
observed between fetal learning, as reflected by the
first measured HR values (HR-A) of all five groups,

and GA at measurement (Spearman’s q = .052,
p = .622).

Fetal 10-Min Memory

In each group, with the exception of Group 32, a
significant decline was observed between the initial
(HR-A) and repeated (HR-B) habituation tests in
the first session (Wilcoxon signed-rank test,
p = .001, p = .305, p < .001, p < .001, p = .001, for
Groups 30–38, respectively). Furthermore, there
was a significant decrease in each group between
HR-C and HR-D values of the second session at
38 weeks GA (p = .012, p = .001, p = .002, p < .001,
for Groups 30–36, respectively). The 10-min mem-
ory values (STM) were quantified as described
earlier and results are reported in Table 4. No sig-
nificant correlation was observed between fetal age
at the time of measurement and STM of the first
session (STM-1; Spearman’s q = .042, p = .692).
Between the STM of the first (STM-1, GA between
30 and 36 weeks) and second sessions (STM-2, GA
38 weeks), no significant differences were found for
any of the groups (p = .069–.983, Wilcoxon signed-
rank test). Also, no significant difference was found
between STM-2 of Groups 30–36 taken together and
STM-1 of Group 38 (Mann–Whitney U test,
p = .590). When the STM-2 values of Groups 30–36
were tested separately against the STM-1 values of
Group 38, no significant differences were found
(Mann–Whitney U test, p > .384).

Table 2

Maternal and Infant Characteristics

Characteristics

Group

30 32 34 36 38

Maternal characteristics

Number of volunteers 17 18 20 20 18

Age (years) 31.0 (27.0–35.0) 30.5 (28.5–32.0) 31.0 (28.0–32.8) 33.5 (29.0–35.0) 29.5 (27.5–32.3)

Height (m) 1.68 (1.65–1.76) 1.68 (1.63–1.73) 1.70 (1.68–1.76) 1.68 (1.66–1.73) 1.70 (1.66–1.74)

Prepregnancy BMI (kg ⁄m2) 23.9 (22.4–26.1) 23.6 (21.4–25.2) 21.6 (20.4–24.1) 21.7 (20.3–23.5) 22.6 (20.9–24.1)

Educational level 6.0 (4.0–8.0) 6.0 (4.0–6.5) 6.0 (4.3–7.5) 5.0 (4.0–7.5) 6.0 (4.0–8.0)

Parity at entry 0 ⁄ 1 ⁄ 2 ⁄ 3 7 ⁄ 5 ⁄ 5 ⁄ 0 13 ⁄ 4 ⁄ 1 ⁄ 0 11 ⁄ 7 ⁄ 1 ⁄ 1 10 ⁄ 6 ⁄ 3 ⁄ 1 9 ⁄ 7 ⁄ 2 ⁄ 0
Mode of delivery

Vaginally 15 11 14 17 13

Extraction (forceps or vacuum) 1 6 5 2 1

Cesarean section 1 1 1 1 4

Infant characteristics

Birth weight (g) 3305 (3065–3965) 3520 (3020–3661) 3613 (3061–4070) 3560 (3098–4333) 3630 (3320–3825)

Gestational age at delivery (weeks) 40.0 (39.2–41.4) 40.0 (39.4–40.5) 40.1 (38.5–40.5) 40.2 (39.3–41.1) 40.4 (39.9–41.0)

Sex: m ⁄ f 6 ⁄ 11 11 ⁄ 7 6 ⁄ 14 4 ⁄ 16 10 ⁄ 8
Apgar score after 5 min 10 (10–10) 10 (10–10) 10 (9–10) 10 (10–10) 10 (10–10)

Note. Data are given as medians and interquartile ranges, unless otherwise mentioned. BMI = body mass index.
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Fetal Long-Term Memory

HR-C values of Groups 30–36 were invariably
lower than their HR-A values (Table 3), although
these differences were significant for Groups 34
and 36 only (p = .017 and p = .044, respectively,
Wilcoxon signed-rank test). When HR-A results of
Group 38 were tested against HR-C values of the
two groups separately (Mann–Whitney U test),
p values of .053 (Group 34) and .331 (Group 36)
were found. These nonsignificant results might be
due to the rather limited power and, therefore, HR-
C values of Groups 34 and 36 were taken together
and compared with the HR-A values of Group 38
by means of the Mann–Whitney U test. In this way,
it was evaluated whether there are significant dif-
ferences between earlier tested fetuses and fetuses
who had never been tested before. It then appeared
that the HR of earlier tested fetuses tended to be
somewhat lower than those of fetuses of the same
GA but tested for the first time. However, the
differences were not significant (p = .095, Mann–
Whitney U test).

Discussion

The aim of this study was to determine from which
GA fetal learning and memory could be estab-
lished, how long this memory lasts in utero, and
whether fetal learning and memory depend on GA.
Our results showed that fetal learning, as reflected
by the first HR outcomes between the age of 30 and
38 weeks, is independent of GA. Furthermore, it
was found that fetuses have a short-term (10-min)
memory from 30 weeks GA onward, which also
seems independent of GA when it is measured for
the first time. A long-term memory of 4 weeks is
possibly present in 38-week-old fetuses.

HR (Fetal Learning) as a Function of GA

Groome et al. (1993) found that older fetuses
(36–40 weeks GA) habituated significantly faster
than younger ones (28–32 weeks GA). A study of
Morokuma et al. (2004) also showed that the num-
ber of stimuli required for habituation was signifi-
cantly and inversely related to GA. On the other

Table 3

Fetal Habituation Rates

Group

First session (30–38 GA, as indicated by group name) Second session (GA = 38)

Initial test (HR-A) Repeated test (HR-B) Initial test (HR-C) Repeated test (HR-D)

n Median (IQR) n Median (IQR) n Median (IQR) n Median (IQR)

30 16 13.0 (7.0–17.8) 17 2.0 (1.0–5.0) 16 6.5 (3.3–9.8) 16 1.0 (0.0–6.5)

32 18 5.0 (4.0–7.0) 17 1.0 (0.5–10.5) 16 4.0 (1.5–9.5) 16 0.0 (0.0–1.0)

34 20 10.5 (8.3–15.0) 20 2.0 (0.3–4.8) 17 5.0 (2.0–11.0) 16 0.0 (0.0–2.0)

36 20 11.0 (6.8–17.5) 20 3.5 (0.0–5.8) 20 5.0 (3.0–18.0) 19 1.0 (0.0–2.0)

38 18 11.0 (3.8–18.5) 18 1.0 (0.0–5.3) Not applicable

Note. Median habituation rates and their interquartile ranges (IQR) are presented per group per habituation test. A rate of 0 indicates a
nonresponse. GA = gestational age in weeks at measurement; HR = habituation rate.

Table 4

Short-Term (10-Min) Memory During Both Sessions

Group

Session 1 (GA shown by group) Session 2 (GA 38)

n Median (IQR) n Median (IQR)

30 16 78.3 (46.8–85.7) 16 54.4 (0.0–92.0)

32 17 72.7 ()33.3–84.4) 16 73.8 (37.3–88.9)

34 20 76.6 (62.2–91.4) 16 76.2 (12.7–94.2)

36 20 75.2 (28.5–92.2) 19 70.6 (40.0–90.9)

38 18 69.5 (37.1–94.5) Not applicable

Note. Short-term (10-min) memory, given as medians and interquartile ranges (IQR), is the decrease between two successive
habituation rates measured with a 10-min interval and is expressed as a percentage of the initial habituation rate. GA = gestational age
in weeks at measurement.
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hand, Madison, Madison, and Adubato (1986) stud-
ied 39 fetuses between 28 and 37 weeks of gestation
and could not find a significant correlation between
the fetal age and the rate of habituation, which is in
line with our results. Due to different methodolo-
gies used to assess habituation, it is difficult to
point out reasons for these discrepancies. Although
Groome et al. as well as Morokuma et al. used the
same vibroacoustic stimulator as we did, these two
studies differed from each other and ours in the
maximum number of stimulations applied in each
session. Groome et al. and we used maximally 14
and 24 stimuli, respectively, whereas Morokuma
et al. did not define a maximum number of stimuli.
Furthermore, Morokuma et al. included the data of
only 26 volunteers in the study, whereas the study
of Groome et al. (1993) and our own study included
90 and 93 volunteers, respectively. Moreover,
Groome et al. (1993) always gave 14 stimulations to
each fetus, whereas Morokuma et al. and we
accepted a lack of response to five and four consec-
utive stimuli, respectively, as habituation. Finally,
the study of Madison et al. also differed in the
aspects mentioned earlier, and moreover their stim-
ulator provided only vibrations and no acoustics.

In our study, the fetuses tested at 32 weeks GA
showed the lowest HR-A values of all groups,
which might suggest that fetal brain maturation
reached an optimum for the habituation reaction
already or that other undefined factors could have
impacted the HR-values. For these suggestions to
be acceptable, however, the HR-A values of Groups
34–38 would need to be of the same order of mag-
nitude, whereas they were comparable with the
value observed for Group 30. So it seems that the
low HR-A values of Group 32 happened by chance.

For a proper interpretation of our results, it is
essential to know whether the response decrement
we observed is really due to habituation and not to
effector fatigue or receptor adaptation. Habituation
can be distinguished from adaptation or fatigue by
the recovery of a habituated response on presenta-
tion of a new stimulus (dishabituation) and faster
habituation upon re-presentation of the original
stimulus (Jeffrey & Cohen, 1971; Thompson &
Spencer, 1966). Although we did see faster habitua-
tion to the original stimulus in the 10-min test ser-
ies (HR-B and HR-D), a limitation of the current
study is that we did not present a novel (dishabitu-
ation) stimulus in the habituation series to exclude
effector fatigue or receptor adaptation. However, as
these phenomena have not been observed in com-
parable fetuses tested at a GA similar to that of the
fetuses in our study and using stimuli largely com-

parable to the ones we applied (Hepper &
Shahidullah, 1992; Madison, Adubato, et al., 1986;
Sandman, Wadhwa, Hetrick, Porto, & Peeke, 1997),
it seems unlikely that effector fatigue or receptor
adaptation contributed to the response decrement
we observed, but we cannot rule it out completely.

Fetal 10-Min Memory

The presence of an STM of 10 min confirms the
results of van Heteren et al. (2000) and van Heteren,
Boekkooi, Jongsma, and Nijhuis (2001), who
showed that, after an initial habituation test, fetuses
between 37 and 40 completed weeks GA needed
less stimuli for habituation 10 min later.

Hepper and Shahidullah (1992) also found an
STM in fetuses measured between 34 and 36 weeks
GA. The present study showed that the 10-min
memory, measured at the first session, was not
dependent on fetal age from 30 weeks GA onward.
This implies that a 10-min memory could already be
present before Week 30 of pregnancy. Although the
earliest habituation response of a fetus to an audi-
tory stimulus was noted at a postconceptional age of
22–23 weeks (Leader, Baillie, Martin, & Vermeulen,
1982b), previous studies showed that only a minor-
ity of the fetuses is able to respond to VAS before
the 29th week of pregnancy (Birnholz & Benacerraf,
1983; Kuhlman, Burns, Depp, & Sabbagha, 1988). As
a consequence, fetal memory might be present in an
earlier stage of pregnancy, but this cannot be veri-
fied with this method.

Fetal Long-Term Memory

In this study, paired analyses in each group
demonstrated a decline in HR between the initial
tests of the first and second sessions (HR-A vs.
HR-C), which suggests the presence of a long-term
memory. As these decreases were significant for
Groups 34 and 36 only, our observation suggests
that a fetus of 34 weeks GA is able to store infor-
mation and retrieve it 4 weeks later, and conse-
quently may have a 4-week memory already at
38 weeks GA. However, in the unpaired compari-
son between HR-C tests of Groups 34 and 36 taken
together (measured at 38 weeks GA, fetuses were
exposed to VAS before) and the HR-A test of
Group 38 (measured at 38 weeks GA as well, but
first VAS experience of the fetuses), the HR were
not significantly different. As the p value of this
comparison (p = .095) indicates a trend, this out-
come may point to the presence of a long-term
memory indeed. It should be recalled that
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unpaired statistics usually require more cases for a
given difference to reach significance than paired
analyses. Consequently, the power of the study
may have been too low for this latter comparison.
Under the presumption that adding more cases
would not change the distribution of the HR out-
comes, post hoc power calculations showed that
40% more cases per group would be required for
significance of the present difference between the
HR-C tests of Group 34 and 36 and the HR-A test
of Group 38. In the literature, only one study used
habituation to assess the presence of a long-term
memory and found that HR of 10 fetuses between
34 and 36 weeks GA were not significantly differ-
ent when they were measured again 7 days later
(Hepper & Shahidullah, 1992). Our results, none-
theless, indicate that a 4-week memory may exist
in fetuses of 38 weeks GA, but further research is
required for confirmation.

In conclusion, we observed that fetal learning
and short-term (10 min) memory, as assessed by
repeated fetal habituation, is present at 30 weeks
GA already. In addition, we present some evidence
that 34-week-old fetuses are able to store informa-
tion and retrieve it 4 weeks later.
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