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Critical Periods



Rather than "critical periods," I prefer "sensitive periods," and others prefer "optimal periods", vulnerable points", "crucial stages", or "susceptible periods".  While there may be subtle differences among the meanings of these various terms, the basic idea is that "an individual's characteristics can be more strongly influenced by a given event at one stage of development than at other stages" (Bateson, 1979).

Ethologists such as Konrad Lorenz and psychologists such as J.P. Scott appear to have borrowed the idea of sensitive periods from embryologists.  Embryologists study the development of the organism during its earliest stages, starting at conception.  For decades they have known that certain events affect the embryo differently depending on age.

As the fertilized egg is growing from one cell to many, the cells start to differentiate, some cells growing into skin and nervous tissue, some into muscles and bones, others into digestive glands. Developing systems are most easily affected during times when they are rapidly growing.  Different organs reach their peak rate of growth at different times.  Thus, the timing of an event determines which developing organs will be affected.

Effects of various events will be more general the less differentiated the embryo.  Even seemingly minor disturbances during the first week or so after conception may be so general that the developing life ends very early, often even before becoming implanted into the mother's womb. 

Embryological sensitive periods are well illustrated by the often tragic effects of various agents that produce birth defects. The tranquilizer thalidomide was widely prescribed in Europe back in the 60's.  Most, if not all, of the women taking this drug during the first month or two of pregnancy produced malformed babies.  The timing of the administration of the drug determined which organs were affected.

	Days after last menstruation
	Organs Affected

	34‑38
	extra thumbs, cranial nerves, ears

	39‑44
	hands & feet like flippers of a seal

	40‑45
	heart and upper digestive system

	44‑48
	thigh and calf bones

	50
	rectum


Behavioral scientists have posited a number of critical periods for postnatal behavioral development. There have been reported critical periods or sensitive periods (or at least effects of early experience) for:

1.  The formation of emotional attachments and the establishment of species identity in humans and many other animals.

2.  The learning of languages by humans, song learning by some birds, and scent‑communication by rodents.  Wuensch fostered newborn wild house mice onto maternal rodents of other species and found that such early experience altered their response to species scents (see "Fostering house mice onto rats and deer mice:  Effects on response to species odors," Animal Learning & Behavior, 1992, 20, 253‑258, and "Cross‑species‑fostering affects meat preferences of wild house mice," Journal of General Psychology, 1993, 120, 413-419.).  While wild house mice normally show fear of the scent of rats, those male mice that Wuensch raised with rats responded as adults to the scent of rat in the same way that male mice normally respond to the scent of other male mice ‑‑being attracted to the source of the scent and then showing aggressive responses towards the animal that is the source of the scent ‑‑ when placed in an arena with a strange male rat some of these mice actually attacked the rat, not a good idea given that rats eat mice.  Normal mice hide from rats in such an arena.

3.  The masculinizing effects of androgens (male sex hormones), which during the prenatal period may actually induce the growth of male genitalia in a female child, and in the postnatal period may have long lasting effects on behavioral development.

4.  The establishment of food preferences.  Wuensch found that rats' food preferences can be affected by experiences before they even start eating solid food.  Rat pups who were nursed on mothers who were fed garlic‑laced food were more accepting of garlic‑flavored chow later in life than were rats who had not had such early experience with garlic.  Apparently the taste of the garlic enters the mother's milk.

5.  Salmon learning their home stream, to which they return to spawn, and other animals learning the place they consider home (J. P. Scott did relevant research on dogs).

6.  Learning basic social behaviors that are later reflected in sexual and parental behaviors (Harlow's monkeys, for example, discussed briefly in chapter 12 of Gray) and other social behaviors, including aggression (my mice).

It is widely assumed that critical periods always occur sometime early in the life of an organism.  That is, early experience is more critical than later experience.  This bias is clear in Freud's works and is, I think, shared by most psychologists.  An ex‑colleague of mine at Miami University, Ed Simmel, warned us psychologists that the critical importance of early experience is often an untested assumption.

J. P. Scott has opined that most mammals go through a "behavioral metamorphosis" at the time of weaning.  The behaviors needed before weaning are so different from those needed after weaning that we should not expect preweaning experiences to have much impact upon postweaning behavior.  That is, critical periods for behavioral development are not likely to occur before weaning.

Although there are strong arguments from evolutionary theory supporting Scott's position, I share the early experience bias and tend selectively to remember facts that indicate that preweaning experience may be critical or at least important.  Nevertheless, I recognize that critical periods may well occur in adolescence or adulthood rather than during infancy.  In fact, work with fishes (see McCann in M. Aaron Roy's book, Species Identity and Attachment) and mice (see Nyby et al., Behavioral Biology, 22, 545‑552) has shown that the learning of sexual preferences (sexual imprinting) is more affected by experience during a sensitive period starting with sexual maturity than it is by early or juvenile experience.

I've mentioned several sorts of critical periods.  Although I am now going to focus on imprinting in birds, I encourage you all to follow‑up your specific interests in other areas.

It has been known for centuries that a newly hatched chicken, duck, or goose will follow about the first moving object it encounters.  Konrad Lorenz is generally credited with labeling and further defining such an experience as producing "Praegung" or imprinting, although he may have borrowed the idea and the term from earlier writers.  Lorenz proposed that exposure to such an object, usually the mother or a sibling, during an early, brief critical period would produce an irreversible attachment to the object, such that the individual will preferentially direct certain behaviors, especially the solicitation of parental care and mating, towards similar objects.

A critical period for imprinting was noted as early as 1873 by the English naturalist D. A. Spalding, who noted that chicks would follow his hand about if first exposed to it during their first 3 days of life, but not if first exposure was on the 4th day or later.

Strictly speaking, Spalding reported a critical period for the following response, not for imprinting.  Imprinting is demonstrated when exposure to an imprinting target disposes the animal subsequently to approach the target more than it would otherwise.  Two tests are generally used: 

Recognition Test ‑ chicks pre-exposed to a target subsequently follow it more than do chicks not preexposed to it.

Discrimination Test ‑ chicks are pre-exposed to either Target A or Target B;  later, given a choice between A vs. B, the chick follows the target to which it was pre-exposed.

The critical period for initial following seems highest in the first 6 hours of a chick's life and drops to zero after three days. Actual imprinting, that is initial exposure modifying later approach, is more effective if the initial exposure occurs between about 10 to 22 hours after hatching.

What turns the critical period on and off?  The control might be endogenous, that is, controlled from within the chick by its maturation program, or exogenous, controlled by environmental or experiential factors.

Turning the Critical Period On.  It may be that post‑hatching experiences are important in preparing the chick to imprint ‑ the chick may need to practice walking and practice seeing before it is prepared to imprint.  That is, about 10 hours of post‑hatching experience may be necessary to prepare the chick to imprint ‑exogenous control.

Alternatively, it may be that post‑hatching experience is not important, that the chick's nervous system simply needs to mature a little more. If this were the case, and if such maturation could just as well take place in the egg as out, then one would expect that the onset of the period would be more related to the time from conception than to time from hatching, since not all chicks hatch at the same developmental level.

It seems that both experience and maturation are important.  If time from hatching is held constant, the best imprinting takes place at about 650 hours after conception.  If developmental age is held constant, the best imprinting takes place about 15 hours after hatching.

Turning the Critical Period Off.  How about factors causing the termination of the critical period?  Endogenous explanations suppose that once a chick reaches a certain age it will automatically start fearing novel objects and thus can no longer be imprinted.  Most of the research data support a more exogenous explanation.  Imprinting is a self‑terminating process. Once a chick has imprinted on one object it will avoid other objects and thus can not be imprinted to other objects unless you force it to become familiar with the new objects.

In fact, one can extend the critical period for imprinting by preventing the chick from earlier imprinting.  If a chick is reared in isolation it is possible to imprint that chick at an age when socially reared chicks will no longer imprint ‑ they have already imprinted on one another.

Imprinting‑like phenomena of social attachment may occur in mammals too.  J.P. Scott, for example, has extensively studied the socialization of domestic dogs.  There appears to be a critical period between about 5 and 7 weeks of age during which the dog forms social attachments.  Experience between 2 and 14 weeks may have lesser effects.  Dogs isolated from humans during this time rarely ever become attached to humans later on.  Furthermore, dogs isolated from other dogs and reared with only humans may not be able to respond normally to other dogs later in life.  Dogs reared with both dogs and humans seem to develop a double species identity.

Similar effects have been observed among many other animals, including rats, cats, and apes.  Early rearing with another species may produce cross‑species affinities, including cross‑species mating attempts.  Early isolation from one's own species may produce severe disruption of later social relations, as in Harlow's monkeys.

The critical period for emotional bonding may not be only for child imprinting to adult and sibling but also for parent bonding to child.  Among goats and sheep, if the mother has no contact with a particular kid or lamb within a short critical period after birth, then she will reject the youngster thereafter.

The critical period for maternal imprinting has been reported to be 1 hour for goats, 8 hours for sheep.  It appears to be based on odors, since destroying the mother's sense of smell prevents the imprinting.   Also, washing an alien youngster with strong detergent will prevent a foster mother from rejecting it.  Another trick used by shepherds to induce acceptance of orphans is dousing the orphan with the foster mother's milk or wrapping it in the hide of her own recently dead offspring.

I should note that the evidence suggests that "maternal labeling", not "maternal imprinting" takes place in goats.  It seems that the new mother labels her offspring with a distinctive odor by licking and nursing it.  She will not accept a kid that has the odor of another mother, but will accept kids with her own odor or with no odor.

Let us assume that there is something like a critical period for something like maternal imprinting and that it operates in humans too. Traditional hospital policy has changed as regards postpartum mother‑child contact.  The old routine was to have the drugged mother get only a glimpse of her baby at birth before it was carted off to the nursery for hours.  And father was likely down in a paternal waiting room.

New procedures allow the mother to be undrugged, fully conscious, at birth.  Father is allowed in the delivery room too.  As soon as baby is out e's parents are allowed to hold and fondle em, and mother to nurse em.  Does this new procedure actually have beneficial consequences for the child or parents?  The data are inconclusive, but, speaking from personal experience, I am glad I was right there when my children were born.

Critical Periods in Language Acquisition.  Eric Lenneberg argues that there is a sensitive period for human language acquisition extending from late infancy to puberty.  For most people, language is certainly more easily acquired during this period. It is almost impossible to prevent a child from learning the language or languages to which it is exposed during this time.  Although there are few well documented cases of humans having been isolated from language during this critical period, what data there are suggest that first language learning is more difficult if not started during childhood.  One Indian girl, Kamala, was said to have been raised by wolves from infancy to about 8 years old.  She acted very much like a dog and howled rather than spoke.  In 9 years with humans she learned only a few words and never formed even simple sentences.

Another girl, Genie, was confined alone, strapped to a potty chair or a crib, from 20 months to 14 years of age.  This child subsequently did learn an extensive vocabulary, but never spoke much, had lousy grammar, and never learned correct pitch and intonation.

A third girl, Isabelle, was isolated in a dark room with her deaf‑mute mother for her first 6 and 1/2 years.  After only 1 and 1/2 years of rehabilitation she learned language up to what was considered normal for her age.

Those of you who are currently attempting to learn another language may well appreciate the difficulty of doing so once beyond the sensitive period.  Although it is certainly possible to do so, it isn't as easy as for a child, and some things, such as pronunciation, are very difficult for oldsters to master.  This may be especially embarrassing for immigrants whose children master two or more languages while the parents seem unable to learn the new.

Effects of age on recovery from brain damage also suggest a sensitive period for language acquisition.  In most adults, language seems a specialty of the left cerebral hemisphere and damage to the speech areas there is usually only slowly and partly restored. Cerebral function in children under 10 years of age seems much less specialized and more plastic.  Speech center damage in the child often produces only a temporary aphasia, with restoration of normal speech supposedly resulting from the establishment of a speech center in the right hemisphere.  By the way, some ambidextrous persons seem to retain such hemispheric plasticity into adulthood.

Learning language, or song, also has a critical period in some birds.  For example, male white crowned sparrows that hear adult song between 2 weeks and 2 months of age will, months later, when they start singing themselves, reproduce the local dialect that they heard during the critical period.  Exposure to song before or after this critical period is without effect or with reduced effect.

Here are some closing thoughts on critical periods:  Assume there are critical periods for human's development of various characteristics ‑ cognitive capacity, social disposition, likes and dislikes, etc.  Suppose that most people in our culture have generally similar experiences during such critical periods, but that some few have atypical experiences ‑ the person with atypical experience during a critical period would develop differently than the majority. Different is deviant, abnormal, and may be considered as sick, pathological.  Being different can indeed create real problems in a social species such as ours.  Furthermore, deviances from an early critical period may foster atypical passage through a subsequent critical period, creating a snowballing effect.  Also, consider implications for therapy ‑ can effects of atypical experience in a critical period be ameliorated by later experience ‑ should the critical period be recreated?
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