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Forthousands of years' there has been speculation regarding
the abilities of the human fetus. In the absence of s ientific evi-
dence. views have r. anged from the belief that the human fetus
was ])Ob\('ss(‘(l of all the abilities of an adult, to the other
extreme — that the fetus was only a conglomeration of cells.
Recent years have seen the debate regarding the status of the

fetus moving into the social and political arena. Discussions

about abortion, embryo research, in-vitro fertilisation have
drawn on studies of fetal behaviour to support a particular
viewpoaint. Such debate has further tended to polarise views
on the status of the fetus. Any scientific evidence has cither
“been ignored or used uncritically and inappropriately to sup-
port a particular stance. Scientific study of the fetus; its
behaviour and abilities. has flourished in recent years.®* One
area that has come under increasing serutiny is that of fetal
memory. Questions of the presence and nature of fetal memory
have attracted interest forscientific and sociopolitical reasons.
The following paper examines the question of memory
"inutero.

The first issue that needs to be addressed is whether there is
any indication of a functioning memory in utero. Evidence
may be obtained from two general sources: clinical practice

. and experimental studies. Both are considered below:

- The practice of certain psychotherapists, psychologists

and ])SV(‘hldtl ists sugaestq that individuals are able to remem-

ber events before and during their birth.” It has been claimed -

that techniques such as LSD experience®, regression hypno-
sis’, primal therapy® reveal memories of the pre- and peri-
natal periods.” These prebirth memories are unconsciously
"stored and may affect adult behaviour directly” or indivectly
through influencing the individual’s affective state.' Negative
prebirth experiences may result in subsequent psychological
or psychiatric problems which may be helped by appropriate
therapy.'"” Despite many clinical reports® 71" 1 the scientific
-credibility of these accounts must be questioned. Often evi-
dence of the retention’ of prebirth experiences is based on
_interpretation by the therapist. For example, a desire for the
sexual practice of bondage in adulthood may be attributed to
' 'entai\glément in'the umbilical cord during birth, or the fearof
being crushed attributed to a prolonged birth caused by the
narrowness of the mother’s pelvis."” These interpretations
seem ambiguous and obscure and should be treated with scep-
ticism. Whether there is any real evidence contained in these
recollections to indicate memories of l)efore orduring birth is
questionable. Moreover thereis little control over the accuracy
of recall. It is possible that knowledge of prenatal events was
acquired after birth. (iiven these problems evidence from such
'c.lin‘ical studies must be treated with caution. As yet these
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studies do not provide definitive evidence of memory in utero.
Asecondsource of evidence of fetal memory is that of exper-
imental studies of fetal learning. Implicit in the concept of
learning is the ability to memorise stimuli." Three piradigms
have been employed ‘to examine learning: habituation,
classical conditioning, and exposure learning. '

Habxtuatxon

Habituation can be defined as the (lv( cement in response fol-
lowing repeated - presentation of the same stimulus.'$
Habituation has been argued to be essential forsurvival and to
underlie many other abilities'? and is predictive of later educa-
tional performance.'™ While there have been a number of
reports on response decrement' >, beginning with Peiperin
1925%4, few studies have followed the guidelines established by
Thompson and Spencer ¢ confirm the cexsation of response
is due to habituation as opposed to response orsensory fatigue,
Hence in many studies it is difficult to say whether the
observed decrement in response is due to true habituation
(where memory may be involved) or motor fatigue andjor sen-
sory adaptation (where memory is not involved). One study
which did evaluate whether the fetus exhibited true habitua-
tion was that of Hepperand Shahidullah.?® In thisstudy fetus-
es at 36 weeks of gestation initially moved when a 250 Hz pure
tone sine wave was played via a loudspeaker placed on the

. mothers abdomen. After 10 to15 stimulus presentations fetus-

esstopped moving. When a new sound, a 500 Hz tone, was pre-
sented, the fetus began-to respond again. With repeated
presentation of this stimulus the fetus ceased to move. Finally
the original 250 Hz tone was presented again.The fetus initial-
ly responded to the tone but rapidly ceased responding, after
fewer instances than when the tone was originally presented.
This result satisfies impoitant criteria for establishing true
habituation as opposed to response decrement and indicates
some form of functioning memory in the fetus.

* Classical conditioning

There have been few reported studies of classical ¢ on(htmmmr
in the fetus. Classical conditioning involves the pairing of two
stimuli, the conditioned stimulus (('S) and unconditioned

-stimulus (U('S). The unconditioned stimulus elicits a response
" (the unconditioned response, UCR) when presented alone. The

conditioned stimulus elicits no reaction when presented alone.
However, following a number of paivings with the UCS (i.e. ('S
followed by UCS), the ('S elicits a response, the conditioned
response (CR). In Pavlovs 1906 original demonstration of
classical (()ndm(mmg- a dog was presented with food (the
U('S) which resulted in the dog salivating (the UCR). In this
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case the (R (a buzzer) elicited no reaction when presented

alone. However after pairing the buzzer with the f(m(l presen-

tation of the buzzer ‘alone ¢ ame to elicit saliv ation.

_The tirst report of classical conditioningin the human fetus -
was by Rav?in 1932, Here. using arsingle subjeet. a vibration

(the CS) was paired with a loud noise (the UCS). Interestingly
no results are reported for the study other than the comment
the \uhjm t sufferedtno ill effects from her pl(-n.m\l(-(luvutmn
(p- 177). Spelt™ similarly paired a vibration (the €S) with a

loud noise (the UCS) and reported that after 13 to 20 pairings

“some fetuses responded to the vibration ((N) alone. (Itisinter-
estingtonoteinboth these st udies that a vibration was used as
the ('S due to the faet it initially-elicited no response from the
fetus

ably elicit a response.)

More l(‘((‘llﬂ\' Feijoo™s!

paired maternal relaxation (the

U'(N) with musie (the ('S) and found that after 24 puiriuu\' of -

the stimuli. fetuses on hearing the music (the ('S) began mov-
ing and after birth newborn infants on hearing the music
stopped erying. opened their eyves z‘y)(l_(-;\lli_l')it('(l fewer clonic
© movements, R . )

In a recent replication of Spelt’s study®™. using a pure tone
asthe (Nand a vibroacousticstimulusasthe UCS. 1 found sim-
ifar evidence of ('()n(lltl()nln" in. f('hl\('\ ranging from 32 to 39
weeks' gestation (unpubl. obs.). Most interesting is the fact
that I was able to demonstrate classical conditioning ityanen-

: (-l"plmli(- fetuses —a point { shall return tolater.

‘Exposure’ learning -

The final paradigm to pr ovide evidene ‘¢ offet al memor visthat .

of exposure’ learning. The general procedure adopted by such
studies is to'expose” the fetus to a stimulus (most often sound)

and thenobserve its response after a number of exposures. The

individual’s response to the familiar stimulus is compared
“either.in the same individual to a comparable but unfamiliar
stimulus. or to the response of indiv iduals who have not previ-
ously been exposed to the stimulus. Evidence of a differential

“response to the familiar and unfamiliar stimuli. or hot\wvn

individuals previously éxposed orunexposed to the stimulus s
taken as evidence of learning and mémory.

One of the first \lu(he\ in this area was performed l)\

- Del? aspﬂ and Fifer'2 who found that newborn-infants. soon

~after birth. pu-fon({(l their mothers voice to that of an unfa-

“miliar female. Although possible that this preference was

acquired in theintervening period between birth and the time
of testing, it was more likely that it was acquired before birth.
Confirmation of this came w ith a study by Fifer and \lo(m ¥

who pm\vntv(l babies with a choice between their mothers

. voice as it sounded within the womb and as it sounded outside
ofthe womb. Ifthe newborn infant s preference for their moth-
ers voice was acquired postnatally the baby should preferthe
latter stimulus as this would .only be heard .after birth.
However if their |)ref?-|'e|1k-e was acquired before birthi; they
should prefer their mothers voice as it sounded in the womb.
The babies showed a preference for their mothers voice as it

-sounded in the womb. This. and other stu(he\“ % have con-
firmed the .view that the fetus ean: learn- lf\ mothm s voiee
before birth. , : .

- Other studies have found that fetuses w 1ll readily lezun any
familiar and repeated auditory stimulus presented to the baby
‘while in the womb. For example I found that babies, if their
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- results Im\'(-hm.-nohtuinoil using other tunes or sounds

Today vibroacoustic stimuli are widely used elinicallyto
assess fetal condition™ because of the very fact that they reli-

- dence of learning during this period.®
“studies of exposure learning offer perhaps the greatest oppor-

mothers had-watched the TV soap Neighbours™ when preg--
nant. preferred this tine after birth to other unfamiliar
tunes. 4 Ax exposure was under-the control of the experi-
menter, thus preventing exposure to the tune between birth:

-and the time of testing, the resulting preference can be

attributed to experienee of the tune before birth. Nimilar
52040

_Other sensory modahtles

Evidence drawn from studies using three different l(-dmm«r
paradigms provides evidenee of a fune honln(r fotal'memory’.
H()\\cv( ranumberofimportant (|uv~<tmm remain.

All of the above examples have used auditor v stimuli. Itis -
important to (lvt(-nmm- whether learning and memory can
oceur in other seisory modalities or whether it is restricted

~solely to auditory stimuli. Recently evidence has started 4o
accumulate that the human fetus is capable of learning and

remembering olfactory stimuli. . :

Early indications of prenatal olfactory dl)llltl(‘\ were pre-
sented by studies demonstrating that newborn infants were
capable of r(-(-ngnising their mothers smell soon after birth. !
However postnatal exposure cannot be totally ruled out in
these cases. Ina preliminary study. Schaal and Orgewr* gave a:
pr(-(rnant women cumin to eat during the last 12 days of her
pregnancy. After birth. her infant was exposed to the smell of
ctiminand citral. an aldehy (lvplv\(-ntm lemon oil or air-Only
the odourof cumin I(’\lllt(‘(l inthe newborninfant |~\h|l)mn(r a

*change in heart rate.

More rec cently 1 examined.the dl)lllt\’ nf fetuses to l(-dm an
odour. garlic, experienced only prenatally. via the mothers
dict.#* When tested 20 hours after birth, infants exposed to.

garlic during pregnaney showed a different response to garlic

when “compared. to individuals ot prenatally exposed. -
Individuals not prenatally exposed-to garlic avoided the smell
whereas those prenatally exposed via th(- motherxdiet showed
no aversion, v

These studies indicate that learning and memory is not spe-

* cifictosound stimuli but also occursinothersensory modalities.

Length of memory : :
When ‘memory” begins is unknown. There has been ‘much
debate inthe psychological literature overthe types and forms

of memory processes and it is not intended to rehearse these

issues again hereH 47

However a very broad categorisation
divides memory into short-term and long-term: short -term or
working memory beinga memory which only lasts forabout 15
minutes. and long-term memory. which may last a lifetime,*
Habituation may proi'«ido evidence of short:term memory
whereas both clissical conditioning and (*X])()Slll'e learning
provide evidenee of l()n(r term memory. v )
Studies of habituation have found the fetus can habituate
from as early as 22 weeks of gestation. ¥ (lassical conditioning
studies have taken place over the last 10 weeks of pregnancy
and have reported some, but not completely conclusive, evi-
WS cperimental

tunity forassessing when'memory 'begins sineé it-is possible to
expose individuals to stimuli at specific times during gesta-
tion. Few studies have yet attempted this. 1 demonstrated

“ that fetusesat 37 weeks gestation would respond differently to
familiar and unfamiliar stimuli but exhibited no differential

response at 30 weeks of gestation.? These few studies suggest



that short-term memory processes are functional some weeks
before more long-term memory processes are present.

A separate issue is the duration of memory for events
acquired prenatally. Whilst some claim events‘experienced’in
the womb may persist for the remainder of life™" scientific
-ov;dence to assess these claims accurately does not yet exist.
One study did assess the duration of memory for stimulus
acquired prenatally” In this study. babies in the first week
- after bitth responded differentially to a familiar (experienced
prenatally) and unfamiliar tune but this differential response
© was not apparent 3 weeks after birth. This suggests that the
memory for prenatally experienced stimulus is short-lived in
* the absence of any postnatal exposure.

Conclusion
The evidence for memory in utero presented above l(‘ll(‘\ on
‘observations of a behavioural response which is influenced by
previous events. ('are needs to be taken in how one inter prets
this, especially in attributing adult-like memory qualities to
“the fetus': In particular, while behaviourally similar observa-
tions of memory are found in the fetus and adult, the underly-
ing mediation of memory in both may be very different. For
example, my observations of classical conditioning in anen-
cephalic fetuses, whose ('NSis very different from that of unaf-
" fected ‘adults where there are identical observations of
classical conditioning, may suggest that the parts of the cen-
tral nervous system underlying this process in fetuses may be
~ different from that of adults. '

Similar(identical?) evidence of prenatal learning and mem-
ory abilities can be found throughout the animal kingdom.
Rat fetuses are capable of habituation™
ing##5 and exposure learning. > Embryos of birds whilst
in the egg are capable of learning the calls of their parents
(e.\po.sme lear: ning)."57 Rousseau asserted that the human

fetus could be considered as a‘witless tadpole’. Interestingly

tadpoles are capable of learning about odours present in their
-pre:hatch environment, showing a greater preference for
- familiar odours as tadpoles and even after metamorphosis as
~ frogs. 58 Even invertebrates have been shown to be capable of
learning and remembering stimuli in their environment prior

to their emergence from the pupac. ™ In all cases, identical -

demonstrations of learning and memory are evidenced. The
(NS of the invertebrate pupae and human fetus are undoubt-
edly anatomically different, but the behavioural response
exhibited by each is identical. Therefore great care must be
- exercised when extrapolating from observations of memory in
the fetus to their underlying mediation orsimilarity to memo-

ry processes evidenced after birth. Despite appearances of

- continuity of memory function before and after birth there is
little evidence at present to assess fully the similarity of mem-
ory inutero with that observed after birth.

~* Thereis evidence of memory in utero. Scientifically reliable
" studies have clearly demonstrated that human fetuses are able
to learn and memorise stimuli. Howcvm‘ this memory must be
considered rudimeritary and of very limited duration. It is
unknown at present what these studies indicate about the
functioning of the (NS and the continuity, or relationship,
between the memory abilities ,ev:i(lencod before birth and
those evidenced after birth-and later in life. It would be very
casy to simply assume the observed fetal memory abilities
equate directly to those of the adult but furtherstudy is neces-
sary before any such conclusions can be drawn.

' classical condition-
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