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ABSTRACT
Perception of Texture During Unimodal Haptic and
Bimodal Haptic-Plus-Visual Conditions in 3- and 6-Month-Old Infants

Mary Tsonis, Ph.D.
Concordia University, 2002

The importance of the haptic system (cutaneous and kinaesthetic processes) in
development is widely acknowledged. Yet little is known about infants’ haptic perceptual
abilities during the first half-year of life. This is due, in part. to the view that haptic
perceptual abilities are limited prior to the development of fine-motor exploratory skills
and visual prehension. The methodology of existing studies (e.g., the visibility of stimuli
and confounding properties, selection of stimuli, and fixed-trials habituation procedures)
has also limited clear interpretations with respect to infants’ haptic perception. The
present research consisted of two studies designed to assess early haptic perceptual
abilities by employing a stimulus property salient to this system, texture. Study |
examined unimodal haptic perception at 3 and 6 months of age, just betore and after gains
in fine-motor and visual prehension are made. Vision was occluded by an opaque plastic
cover and the textures were presented underneath the cover to intants™ hands. An infant-
controlled Habituation (HAB)-Novelty (NOV)-Return-to-Familiar (RFAM) procedure
was employed. Following habituation, experimental group infants received a novel texture
for 3 NOV test trials and the original texture for 3 RFAM test trials. Control group
infants received the same HAB texture during all test trials. Study 2 was designed to
assess the influence of vision on haptic perception of texture. Using the same textures as
in Study 1 and presenting them under a transparent cover, infants were permitted both
haptic and visual exploration during the HAB phase. However, the test phases were
unimodal haptic. Results of infants’ haptic manipulations indicated that both 3- and 6-

month-olds habituated following similar amounts of haptic manipulation, and that levels of
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haptic manipulation to habituation did not differ across Studies | and 2. [n addition,
infants discriminated novel textures during NOV, and recognized the original texture
during RFAM in both studies. These results suggest that haptic perception and
discrimination of texture may not be dependent on visual guidance. However. infants in
Study 2 haptically man:pulated tor shorter amounts of time during NOV and RFAM,
relative to Study I, suggesting that the visual input during HAB may have facilitated
discrimination and recognition of textures. Facilitation effects may reflect the integration
of visual and haptic input during HAB and the detection of amodal relations across haptics
and vision. Vision also suppressed the novelty responses observed in Study | on the
measure of exploratory procedures (EPs). The EPs may have been suppressed by the lack
of salient visual features, again suggesting that visual and haptic input was integrated.
Suppression of EPs was less pronounced tor the 0-, relative to 3-month-olds. who
engaged in more EPs in response to the rough texture in both studies. suggesting that
among infants with more developed fine-motor skills, the haptic features of stimuli may
alone elicit exploration in this modality. Overall, the findings: I) support haptic perception

gest an important and unique role for

-

of texture during the first half-vear of life, 2) sug
haptics in early perceptual learning; and 3) contribute to the understanding of infants’
haptic perception during bimodal exploration. The methodological coutributions of the
present studies in accessing intants” haptic abilities are discussed and future research

directions are proposed.
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CHAPTER I: Introduction
Primacy of Touch in Development

The sense of touch is the earliest to develop and become functional in human.
animal, and bird species (Gottlieb, 1971: Montagu, 1978). The skin is the organ of this
sensory modality and it is the largest sensory organ of the body (Smith. 1989). In
humans. the earliest differentiation in the nervous system occurs in the part of the
trigeminal nerve which is responsible for the transmission of pain and general tactile
sensations (Streri. 1993). Myelinization, as an index of growth. of somatosensory
afferents into the midbrain areas and of the neocortex also begins earlier (at 4 and 1
month prenatally, respectively) than myelinization of the corresponding visual afferents
(at 2 months prenatally and at birth. respectively: Bronson. 1982; Williams, 1983).

The human infant is sensitive to tactile stimulation both in utero and shortly after birth.
The human embryo at less than six weeks gestation. less than an inch long. and with
neither eyes nor ears, is sensitive and will react to light stroking of the upper lip or wings
of the nose by bending of the neck and trunk away from the source of stimulation
(Hooker. 1952). By 14 wecks gestation. almost the entire surtace of the embryo is
sensitive to tactile stimulation (Hooker, 1952: Humphrey, 1964; Snow. 1998). At birth,
alert neonates will turn their heads reliably toward a tactile stimulus applied to the mouth,
the cheek. and the forecarm (Kisilevsky. Stack & Muir, 1991). They also respond to
noninvasive touch with increased movement and increased heart rate (Kellman &
Arterberry. 1998: Rose, Schmidt & Bridger, 1976).

A substantial amount of research has supported the primacy of touch in early
infant development in both animal and human species. Tactile stimulation, in the form of
natural handling of animals (e.g., licking, tooth-combing, grooming of young) soon after
birth and for some time afterwards, appears to be an indispensable necessary condition

for their survival (Montagu, 1978). Handling generally leads to increased functional



efficiency in the organization of all systems of the body including the skeletal.
gastrointestinal, genitourinary, endocrine and immune systems, and the nervous system
(Montagu. 1978: Smith. 1989). Handling has produced beneficial effects on rats' growth
and development. learning, and resistance to disease (Denenberg, 1968; Denenberg &
Karas, 1939. 1960. 1961) as well as facilitating more adaptive responding to stress or
noxious stimulation (Levine. 1956, 1958. 1960). Handling is also necessary for healthy
behavioural development in the domains of feeding. social, emotional and sexual
functioning. and maternal behaviour (Montagu. 1978; Smith. 1989). For example,
handled males display greater sexual responsivity and activity (Larsson. 1963, 1970).
[n addition, Harlow’s (1959) classic work demonstrated monkeys' preterence tor contact
comfort over satisfaction of the feeding drive. Furthermore, the lack of normal
gratification of contact-clinging in infancy leads to disturbed social behaviour and sexual
functioning. as well as inadequate. and even violent maternal behaviour among females
(Harlow. Harlow & Hansen. 1963: Smith. 1989).

Parallel intluences of tactile stimulation have been documented among humans.
Touch and related proprioceptive and vestibular sensations provide stimulation,
organization. communication and emotional exchange in human infants (Barnard &
Brazelton, 1990). Touch intluences parent-infant attachment, cognitive development.
sociability, ability to withstand stress, and immunological development (Gotttried, 1984).
René Spitz’s (1946) classic observations of “failure to thrive™ infants dramatically
highlighted the importance of a loving caregiver and caregiver-infant interaction. an
important component of which is touch (Mitchell & Black, 1995; Spitz & Wolf, 1946).
While the physical needs of children left in a foundling home since birth were met, the
prolonged deprivation of any nurturing interaction led to depression, withdrawal, illness,
and motor retardation. By the end of the second year, one third of these children had

died. By the fourth year, few of the surviving children could sit, stand. walk. or talk. It



the mother returned within the first three months of life the deteriorating course reversed
itself. Since other forms of stimulation in addition to touch were also unavailable to these
children. it is difficult to attribute these effects solely to the lack of touch. However,
touch is considered an essential component in fostering a nurturing. protective attachment
relationship between primary caregivers and their infants. which in turn fosters growth
and development, and establishes the foundation for learning, emotional regulation and
social interactions (Rose, 1990; Reite, 1990: Smith, 1989).

The research on the beneficial effects of touch has been applied to fostering
adaptive development in human infants. Kangaroo care, or the skin-to-skin holding of
preterm infants. is now a standard practice given its beneficial ettects on physiological
state. and attachment outcomes (Browne. 2000; Adamson-Macedo & Attree. 1994).
Tactile stimulation administered to preterm high risk neonates, in the form of body
massage and passive movements of the limbs, has resulted in improved outcomes such as
greater weight gains. more time awake and active, more mature behaviour on Brazelton's
(1973) Neonatal Behavioural Assessment Scale, and earlier discharge. relative to
nontreated controls (Scafidi et al. 1986. 1990; de Roiste & Bushnell, 1996). The relative
contribution of tactile, compared to other simultancously available. stimulation in
exerting such eftects on infant physiology and behaviour is still unclear (Stack. in press).
Nonetheless, tactile stimulation. in the form of massage, is now a common and often
central component of regimens designed to toster growth and development among
premature newborns (Field. 1998; Kisilevsky et al.. 1991).

While the importance of touch in development is recognized, very little is known
about the tactile modality and the mechanisms by which it contributes to development
(Streri, 1993). Little is known about the distribution and development of manual tactile
receptors (both in terms of their numbers and specialization), and their processing

abilities (Streri, 1993). This is partly due to the status bestowed to vision as the “spatial



modality par excellence™ as a source of information about the environment (Hatwell,
1993). Most psychologists now assert that vision is in control of most of our activities
(Streri. 1993). The superior status of vision is, in part, based on a tremendous amount of
research on the infant visual system which has documented its structural maturity from
birth. The peripheral retina is structurally fully mature at birth. and the entire retina
attains its adult form during the first few months after birth (Abramov. Gordon,
Hendrickson. Hainline, Dobson, & Laossiére, 1982). In contrast. while all the specialized
cutaneous receptors are present at birth, they have not fully matured. For example.
Meissner’s corpuscles are sensitive to pressure and are particularly numerous in the palm
of the hand. the genital organs and the foot. however are not fully encapsulated even in
one-vear-old infants. In addition. while the tactile system has a much greater receptive
surface than the visual system, its principal organs for receiving information and the most
frequently studied. are the hands and the mouth (Streri, 1993). [n an attempt to
understand the role of the arms and the hands in infants” exploration of the environment.
research has been concerned primarily with the motor tunctions of the arms and the
hands. to the relative neglect of the sensory and perceptual aspects of the tactile modality.
[n fact. the perceptual functions of the hand are thought to be very rudimentary during the
first few months of life due to the immaturity of the motor pathways which allow control
of distal finger movements. Babies are thought to be able to extract only a small amount
of perceptual information due to their immature motor-manual functioning (Hatwell,
1993). The predominating notions regarding the visual and tactile modalities has resulted
in a greater research focus on tactile-motor skills. However, a substantial amount of data
supporting the sensitivity of young infants to tactile stimulation and information, as well
as the importance of touch in development warrant further investigation into the
perceptual abilities ot the tactile modality.

The present studies were designed to extend the knowledge of infants’ tactile



perceptual abilities. [n the introduction, the theory and research on the role of touch in
early infant development are reviewed. First, the primacy of touch is reviewed in the
context ot its functional onset relative to other sensory systems. Second, the theories of
perceptual and cognitive development (i.e., integration, differentiation, and information
processing theory) which hold important roles for touch are reviewed. Third, the research
on infants tactile perceptual abilities during the first year of life, with a focus on shape
and texture perception. is reviewed. Finally. the rationale and general objectives for the
present studies are presented.
The Primacy of Touch: Sensory and Perceptual Organization

The primacy of the tactile modality in fostering development has been
hypothesized to be due to the timing or sequence of the development of this modality
relative to other sensory systems (Lewkowicz, 1991: Turkewitz & Kenny. 1982, 1985).
Gottlieb (1971) provided compelling evidence that the maturation and functional onset of
the sensory systems follows an invariant sequence in a wide variety of species including
humans (Lewkowicz, 1991; Lickliter. 1993). The first sensory system in this sequence is
the somasthetic (tactile/cutancous). followed by the vestibular, chemical, auditory and
visual. It has been postulated that this invariant sequential onset of systems serves two
functions (Gottlieb, 1971; Turkewitz & Kenny. 1982, 1985). The first is the promotion
of sufticient development in each modality by limiting sensory functioning and
decreasing interference or competition trom later developing systems. Supportive of this
function is rescarch demonstrating that premature stimulation of the visual system
interferes with the functioning of earlier developing systems:; it has been found to disrupt
normal, expected functioning in both the auditory and olfactory systems (Gottlieb,
Tomlinson & Radell, 1989; Lickliter, 1990, 1993).

The second function is the organization of intersensory relationships by earlier

developing systems. I[ntersensory perception is the ability to make information that is



acquired in one sensory modality available to another modality (Gottfried & Rose. 1986).
The development of intersensory relationships is thought to serve as the basis for
cognitive development (Brown & Gottfried. 1980; Meltzoft, 1990). and as such has been
the focus of a tremendous amount of research. Turkewitz and Kenny (1982, 1985) found
evidence that earlier functional modalities help to establish intersensory relationships
with regard to environmental stimuli. An early sensory dominance of the auditory system
over the visual system has been found in both animal and human infants. Species-typical
auditory cues are preferred over species-typical visual cues in animals (Johnston &
Gottlieb, 1981, 1985; Lickliter & Virkov. 1989), and human infants’ responding to
simultaneous and competing auditory and visual inputs appears to be dominated by the
auditory modality (Lewkowicz, 1988a. 1988b). The carlier development and functioning
of the auditory system and thus its longer stimulation history. relative to vision, are
thought to underlie this sensory dominance or hierarchy phenomenon in the organization
of intersensory relationships (Turkewicz & Kenny. 1985).

Similarly. the early development and in turn, longer stimulation history of the
tactile system may account for the beneficial effects and organizational tunctions
documented in the animal and human literatures reviewed above. As the earliest
developing and functional system. touch becomes a primary sensory and perceptual
modality through which information is acquired about the world. and touch may serve to
organize intersensory relationships between tactile and later developing systems.
including vision. Information obtained through touch may be better used. early in
development, for sensory integration than information gained through a later developing
system. This integrative function of the tactile modality implies a large contribution for
touch to perceptual and in turn, cognitive development.

Theoretical Perspectives on the Role for Haptics in Early Development

The tactile modality is considered a primary contributor to perceptual learning and



cognitive development. There are three general schools of thought that have contributed
to understanding how information obtained through touch fosters cognitive development.
The first two are the integration and difterentiation theories of development (for review
see Bahrick & Pickens, 1994; and Bloch, 1994). The third school of thought has emerged
from the information processing framework of cognitive development (McShane. 1991;
Siegler, 1991; Snow, 1998). Common to all three theoretical perspectives is the premise
that cognitive development begins with meaningtul descriptions of external reality
delivered by perceptual mechanisms. Within all three perspectives touch is considered to
be part of a larger perceptual-action system referred to as “haptics™ (Kennedy. 1978). and
it is this larger perceptual-action system that has implications for cognitive development.
While “touch™ has been used to refer to the cutancous system and localized sensations on
the skin’s surface. “haptics™ refers to the assimilation and processing of information
obtained through the simultancous tunctioning of the skin, muscles, and joints (Klatzky
& Lederman, 1987). Thus. information is incorporated from both cutancous and
kinaesthetic receptors (Kennedy. 1978). Haptic activity and exploration is considered a
primary means through which infants acquire information about their physical world
(Bushnell & Boudreau. 1991). The term haptics will henceforth be employed since it
more accurately retlects the tactile modality as a perceptual system.

In infancy both the mouth and the hands are regarded as the primary organs ot the
haptic system (since they are both used to acquire information about the quality of objects
such as their shape, texture, hardness, size. temperature and weight; Katz, cf. Kruger,
1982: Bushnell & Boudreau. 1991; Rochat & Senders. 1991). From birth. infants use the
mouth as a perceptual/haptic instrument and not merely as a “sucking™ device (Rochat &
Senders, 1991). Like the hands, the mouth combines tactile as well as kinesthetic
reception trom the mobility of the jaws. tongue and lips (J.J. Gibson, 1966). The mouth

(and its activities such as tonguing, gumming, and lipping) is initially the primary



instrument used to contact, capture, and explore objects. Oral capture and mouthing (i.e..
tonguing, gumming, and lipping) appear to drive and organize early exploratory
behaviour; infants have a strong tendency to explore orally. to bring the hands to the
mouth. and to transport objects within the vicinity of the mouth (Rochat & Senders.
1991). The mouth. like the hands, can also be considered a perceptual instrument from a
physiological standpoint. The body surfaces in and around the mouth. as well as the
extremities of the fingers. have the highest concentration of tactile receptors (Rochat &
Senders., 1991). Somatotropic and motor homunculus representations indicate that
fingers and lips have a relatively large cortical projection corresponding to the greater
tactilokinesthetic sensitivity of these regions (Carlson, 1986).

Given the understanding of the haptic modality as a perceptual-action system,
haptics holds a large place in the theoretical perspectives of integration and difterentiation
since they both regard perception-action relationships as the building blocks of cognition
(Piaget. 1952: E.J. Gibson. 1969: J.J. Gibson, 1966; Bloch. 1994). The theoretical
contributions of primary proponents within each school ot thought, namely Piaget for
integration theory, and J.J. Gibson and E.J. Gibson tor difterentiation theory. will be
reviewed as they pertain to the role for haptics in cognitive development. Piaget and J.J.
Gibson were among the first to consider the role of perception-action relationships in
cognitive development (Bloch. 1994). While their theories differ in their account of
perception and the relationships between perception and action (Bloch. [1994), they both
consider haptics as an important contributing modality in cognitive development.
Finally, the information processing framework will be reviewed since it has contributed
substantially to the understanding of infants’ processing of information through haptics
(Stack & Bennett, 1990; Stack, St. Germain & Zelazo, 1992; Streri, 1993) .

Integration Theory

The integration view holds that the senses are initially distinct and independent at



birth, and that intersensory coordination emerges gradually though development (Piaget.
1952 Bahrick & Pickens. 1994). Piaget’s theory of cognitive development holds many
implications for haptics since it considers the coordination of haptic schemas with those
developed in other modalities (i.¢.. intersensory coordination) as the process underlying
cognitive development. Initially, infants do not aim their eyes at tactile stimuli. nor their
hands toward visual stimuli. According to Piaget (1952, 1954). the separate sensory
impressions are first incorporated into distinct schemata. but become integrated through
experiences that activate the distinct schemas simultancously. For example. infants learn
that an object that is grasped can also be looked at. and actions such as “touching a toy™
gradually become coordinated with actions such as “looking at or hearing the toy™
(Bushnell. 1981: Bahrick & Pickens. 1994). The gradual accumulation and coordination
of schemata ultimately leads to true internal representations of external reality.

[n “The Origins of Intelligence in the Child™, Piaget (1952) explains cognitive
development in a series of stages. the first of which defines the first two years of lite and
is called the sensorimotor period. During this period. actions. beginning with reflexes,
become encoded along with their sensory consequences as sensorimotor schemata
(Kellman & Arterberry. 1998: Sutherland. 1992). The development of prehension is also
described as it occurs in substages within the sensorimotor period (Warren, 1982). The
first stage of prehension consists of the reflex stage (between 0 and 1 month) during
which impulsive movements occur, with reflexive grasping (no thumb used). Theretore.
the reflex stage is regarded as a stage of mere mechanical response to outside stimuli.
The grasping is reflexive in that it is involuntary but at least momentarily attracts the
infant’s attention (Warren. 1982).

[t is during the next, second, stage of primary circular reactions (between | and 4
months) that infant hand actions become increasingly voluntary. At this stage, infants

perform repetitive actions upon objects presented to them simply because of the aesthetic



consequences of the actions for themselves. or for the sake of the pleasant stimulation
produced by the action (Bushnell & Boudreau. 1991). While the infant grasps and holds
for the sake of the repetitive activity. the hand is not yet being used as a tool to operate on
the environment. However. the hand is clearly delivering sensations that the infant
prolongs and repeats. The ability to repeat an act distinguishes this stage from the reflex
stage. and is theretore thought to represent the dawning of memory (Kellman &
Arterberry. 1998: Warren, 1982).

While hand behaviour, at this stage. is considered to yield important sensory
information. the tactual and visual schemas remain uncoordinated. That is. while infants
repeat hand movements for the sake of sensory stimulation. bring an object to the mouth
for further exploration. and the hands tend to remain more and more within the visual
field by 3 or 4 months, infants still do not grasp an object tor the purpose of bringing it
into view. The hand by this age moves to grasp a viewed object. but such eye-hand
coordination occurs only when the hand is in the visual field with the object to be
grasped.

During the subsequent stage of secondary circular reactions (between 4 and 8
months) infant hand behaviour becomes more deliberately exploratory and under visual
control. The infant now repeats actions not only for the sensory stimulation. but in order
to achieve a goal in the environment. The development of eye-hand coordination during
this stage considerably extends the infant’s range of possible actions. During this stage. a
visually perceived object serves as the stimulus for reaching wherever the hand may be.
That is, if an object is in the visual field and the hand is not. the hand will be brought
from out of sight to grasp an object (Warren, 1982). The cognitive units of this stage
consist of the forerunners of what Piaget called classes, concepts, or schemas. Infants at
this stage can be said to be engaging in deliberate or intentional haptic exploration,

however, given the developing visual control of the hands, vision is thought to dominate
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haptic behaviour by 6 months of life.

Piaget’s theory clearly illustrates the substantial contribution of haptics to infant
cognitive development. First. the hand’s behaviours, even before becoming functionally
integrated with vision, are considered to be independently delivering interesting
information to the infant (Warren, 1982). Second. both before and after integration with
vision. the hand is conceptualized as a “tool” employed for further action on the
environment. action which engenders perception and learning. Third. Piaget’s adoption
of an “action centred” perspective (his emphasis that perceptual knowledge derives trom
action) during the sensorimotor period clearly holds a large role tor haptics. This
perspective reflects the “activity”™ inherent in the haptic modality. even in its carliest
form. mouthing. Piaget acknowledged that even very early. retlexive. haptic activity
constitutes a rich source of sensory stimulation (Warren. 1982: Bushnell & Boudreau.
1991). Moreover. it is consistent with the conceptualization of haptics in all its forms
(i.c. oral and manual) as consisting ot both kinesthetic and somatosensory components.
Finally. Piaget’s premise that a child’s active experiences with the environment are
important for constructing intermodal knowledge. also underscores an important role for
haptics. Haptics. with its inherent kinesthetic and somatosensory components provides a
rich source of interactive experiences with the environment: it serves as an “interactive
tool” (Warren. 1982: Rochat & Senders. 1991). The haptic actions on the environment,
while initially coincidental, are eventually paired with simultaneous exploration and
perception in other modalities to yield a more complete understanding of the physical
world (Bushnell. 1981; Warren. 1982).

There is some support for the role of haptics in perceptual development as held by
Piaget’s theory. Bushnell and Boudreau (1991) related Piaget’s substages of the
sensorimotor period to the developmental timetable of haptic perception of various object

properties. They proposed that some object properties are probably more sensorially
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interesting or pleasing. while others may be more relevant to the functions for which an
object may be used. Specifically, an object’s temperature, texture and hardness may
primarily hold an aesthetic value for an infant. Skin contact with objects of varying
temperatures can be soothing or uncomfortable. Similarly. pleasant or unpleasant tactile
feedback can by obtained by difterent textures and by squeezing or poking a compressible
object. In contrast, properties such as weight or shape are more relevant to an object’s
utility (e.g.. only light things can be picked up casily. and only round things roll).
Bushnell and Boudreau (1991) proposed that the aesthetic versus functional relevance of
object properties may have implications for the emergence of haptic sensitivity to them.
That is. if younger infants are particularly focused on the pleasurable or interesting
sensory feedback that results trom their actions with objects. one would expect them to
haptically perceive the more aesthetically relevant properties of objects. namely.
hardness. temperature, and texture. The developmental timetable of haptic perception of
various object properties that Bushnell and Boudreau (1991) charted based on empirical
rescarch tindings, supported this hypothesis. They tound that infants are able to perceive
these acsthetic properties carlier (by 6 months of age) relative to weight and
configurational shape (at 9. and after 12 months. respectively).

However. any conclusions regarding carlier perception of aesthetic properties are
limited by a number of factors. First. there is very little research on the haptic perception
of hardness and temperature with infants under 6 months of age. and no research on
texture perception. Studies of featural shape difterences were employed as analogues of
texture perception and to infer that infants probably do not perceive texture betore 6
months of age. Second. most of the evidence for hardness and texturc perception has
been obtained in the context of cross-modal perception studies and from observations of
infants’ naturalistic play with objects. Thus, the visibility of the objects limits

conclusions that can be drawn vis-a-vis haptic perception of these properties. The
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perception of aesthetic properties before functional properties lends support to Piaget’s
observations that haptic activity is pursued for the sake of sensory stimulation. However,
there is clearly a need for rescarch on haptic perception of different properties during the
first half-year of life before Piaget’s ideas on haptic perception can be conclusively
supported.

In contrast. research in the area of intersensory coordination conducted with
infants during the first half-year of lite challenges the central assumption of early
independence between the sensory systems. According to Piaget’s integrationist view.,
independent sensory systems are gradually integrated as infants learn to associate
modality-specific sensations. and learn correspondences between information picked up
by initially distinct and uncoordinated systems (e.g.. the eyes, ears, and hands: Bahrick &
Pickens. 1994). However, rescarch on cross-modal abilities (i.e.. the recognition of
objects. and the transter of information about objects. across modalities) and detection of
amodal information (i.c.. information that is not specific to a particular sensory modality,
but rather is completely redundant across one or more senses: Bahrick & Pickens, 1994)
suggests that correspondences between systems are present from birth or achieved quite
carly. during the first six months of life (Meltzott, 1990: Bahrick & Pickens, 1994).

The carly detection of relationships between visual and auditory events has been
reliably documented. When presented with soundtracks and films ot rigid and elastic
objects in motion. infants detect the rigidity versus elasticity of substance for moving
objects (Bahrick. 1983). They also detect the composition of moving objects (i.e..
whether they were composed of a single element or a cluster of smaller elements) when
presented with films and soundtracks of objects colliding against a surface (Bahrick.
1987, 1988). Both substance and composition are considered to be amodally specitied
properties across vision and audition through temporal information. Visual-auditory

cross-modal abilities are also reflected in infants’ abilities to match faces and voices on
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the basis of voice-lip synchrony (Dodd. 1979: Spelke & Cortelyou, 1980; Walker, 1982),
their selective attention to one of two superimposed films guided by a synchronous and
appropriate soundtrack (Bahrick, Walker, & Neisser, 1981), and sensitivity to auditory
and visible information of objects changing in depth (Walker-Andrews & Lennon. 1985:
see also Bahrick & Pickens, 1994). Infants’ success in auditory-visual intersensory tasks
is based on the detection of amodal relations (Lickliter & Bahrick. 2001). Thus. the
evidence of early detection of a wide range of amodal. invariant relations challenges the
integrationist premises ot independence between the sensory systems and of intersensory
perception as a process of integration of input from separate modalities (Bahrick &
Pickens, 1994).

A substantial amount of research has similarly documented haptic (both oral and
manual) and visual cross-modal abilities among very young infants. The well-replicated
phenomenon of imitation of tacial actions among neonates has been thought to retlect
that neonates can apprehend, at some level of processing. the equivalence between body
transformations they see and body transtormations of their own that they “teel”
themselves make (Meltzoft, 1990). In addition, haptic and visual cross-modal transter of
specific object properties has also been documented. Meltzott and Borton (1979)
demonstrated oral-visual transter among 1 month-old infants. [nfants were familiarized
orally for 90 seconds with nubby or smooth spheres and were then presented both objects
simultaneously during a 20-second visual discrimination test. Infants demonstrated a
preference for the tamiliar object. rather than the novel. Pécheux, Lepecq and Salzarulo
(1988) replicated and extended this eftect. They also examined oral to visual transfer
among |-month-olds using similar shapes and 90 seconds of oral familiarization. Infants
who had not habituated demonstrated a preference for the familiar shape. while those who
had showed a preference for the novel shapes. Familiarity preferences in infancy are

believed to suggest insufficient processing of the familiarization stimulus and adequate
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familiarization has been found to be a prerequisite for novelty preferences (Hunter. Ames
& Koopman. 1983: Rose. Gottfried, Melloy-Carminar & Bridger. 1982). Thus, the
familiarity preterences. like the novelty preferences. were interpreted to indicate
recognition of the familiar shape. and discrimination between the familiar and the novel
stimulus in the new modality. E. J. Gibson and Walker (1984) corroborated the Meltzoff
and Borton (1979) and Pécheux et al. (1988) studies using different stimuli. Rochat
(1983) confirmed that infants in the first month succeeded on shape discrimination tasks
when differently shaped nipples were inserted in their mouths. These studies suggest that
some primitive ability to detect correspondences between haptics and vision is basic to
the perceptual system of infants (Meltzoft. 1990). Moreover, these carly tindings of
haptic-visual cross-modal abilities support a much earlier and greater role for haptics in
the development of intersensory coordination. than proposed by Piaget.

[ntermodal studies during the first year of life have also reliably shown infants to
be capable of manual-haptic to visual cross-modal transter. Collectively. this literature
suggests a superiority of haptic-visual transter. relative to transter in the opposite
direction. Haptic-visual cross-modal abilities have been observed in infants as young as
2-to 3- months ot age. Streri (1987) and Streri and Milhet (1988) showed that 2-to 3-
month-old infants displayed a novelty preference during visual testing following manual-
haptic exploration of shapes. However. recognition of shapes in the opposite direction,
that is. from vision to touch was not obtained. The superiority of haptic-visual transfer is
also observed at older ages; haptic-visual transfer is more reliably observed during the
second half-year of life. and haptic-visual transfer is superior to, or occurs faster, than
visual-haptic transfer at 12 months of age.

The taster transter of information from haptics to vision occurs despite the faster
speed of processing within the visual modality, and the faster speed of visual-visual,

relative to tactile-tactile, intramodal (or within modality) transter. The relative efficiency
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of haptic to visual transfer implies a greater efficiency for haptics in the transfer of
information across these two sensory modalities. Haptic-visual transfer has been
documented to be mainly under the constraint of sufficient tactile familiarization. [n
contrast. visual-haptic transfer has been documented to be dependent on the presence of
more than one stimulus property. and on the salience of the visual cues available. in
addition to adequate familiarization (Rose, 1990b, 1994). The information acquired
during visual exploration is also thought to impede visual-tactile transfer by limiting
subsequent tactile exglicration (Rose, 1990b, 1994). As proposed by Turkewitz and
Kenny (1982. 1983). the earlier development and tunctional onset of haptics may
contribute to the greater efticiency in the transter of information across modalities.
Finally. during the second half-year of life. tactile experience and tactile novelty have
been found to modify visual preferences. to incite both haptic and visual exploration and
at times to guide visual exploration (Bushnell, Shaw & Strauss, 1985: Rubenstein, 1974,
Ruft. 1976: Stecle & Pederson, 1977). The early haptic-visual transter abilities. the
unidirectional nature of this transfer. and the more efficient transfer of information from
haptics to vision challenge the idea of sensory independence. and suggest that the haptic
modality may have an early and important role in the organization of intersensory
relationships.
Differcntiation Theory

The vast body of research documenting the existence of intermodal relationships
very early in life supports the ditterentiation view of development. Ditferentiation
theorists, such as Bower (1974), E.J. Gibson (1969), and J.J. Gibson (1966) argue that the
senses are unified early in development and that perceptual development consists of’
differentiation of increasingly finer aspects of stimulation. According to this perspective,
at least some intermodal perceptual abilities are considered to be innate (Bahrick &

Pickens, 1994). Moreover, difterentiation theory posits that perceptual systems are more
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than receptor surfaces in that they actively pick up stimulus information. In other words,
perception does not consist of receiving stimulations and then processing them in
modality-specific schemata. but consists from birth, of an active process of obtaining
information about the world (E.J. Gibson & Spelke. 1983).

According to the differentiation framework, the contents of perception are not
specified according to their sensory input: we do not perceive stimuli or even any
momentary representation of them on a receptor surface. such as a retinal image. What is
perceived are the events and things in the world. As E. J. Gibson and Spelke (1983)
explained: “To perceive anything, the information in stimulation must correspond to it in
the sense of specifying it. Events and things are specified in many ways for us, for
example in light. sound, and in pressure patterns on the surfaces of the body. These
sources of energy provide information to the visual system. the auditory system. and the
haptic system. But through the activity of the perceptual systems. we perceive a unitary
world. not separate collections of visual, auditory and tactile impressions™ (p. 2). Infants
are viewed as being richly endowed with the means of tfinding out about the environment.
An intant’s looking. listening. feeling. smelling and tasting are thought to be inherently
coordinated for obtaining information. These precoordinated systems provide a way of
learning about the world from birth and infants are motivated to actively use their
perceptual systems to seck information (E.J. Gibson & Spelke, 1983). Thus, active
exploration begins. and has a purposive intent, from birth. Eventually, exploratory skills
increase with maturation and practice.

E. J. Gibson’s (1969. 1982) “invariant™ detection view is the most popular
current example of a difterentiation theory which accounts for infants™ innate capacity to
perceive properties of objects. Newborns are viewed as actively oriented toward the
discovery of “affordances™ (or possibilities tor action) that are oftered by objects, people,

and places (E.J. Gibson & Spelke. 1983: J. J. Gibson, 1979). The atfordances of the
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environment (i.e., what it offers. provides or furnishes for action) are related to the
individual’s action capabilities. An affordance is an objective relationship between the
physical properties of an actor and those of the environment (Adolt, Gibson & Eppler.
1990). When this relationship changes, the scope of possible actions changes.
Affordance is therefore a functional term that emphasizes the utility of some aspect of the
environment given an individuals capabilities for action (E. J. Gibson. 1982). For
example, a floor affords support and it can be walked on. and water affords drinking.

Aftfordances are discovered by secking out and detecting “invariants™. Invariants
arc constant. higher order relationships in the flow of stimulation (E.J. Gibson & Spelke,
1983: J.J. Gibson. 1966. 1979). That is. objects and events arc multimodal and specitied
by redundant information which is abstracted by coordinated sensory systems (Walker-
Andrews. 1994). The same higher order relationship may be constant over changing
stimulation to the eve, the ear. and the skin. For example. a characteristic of an object
perceived visually is not specitied initially as visual because the same object can be
specitied by equivalent information in other modalities, which make it amodal. Mature
perceivers are skilled at detecting invariant relationships that characterize the information
about an object that reaches their senses.

Similarly. infants possess coordinated perceptual systems that allow for the
detection of many invariant relations. Detection of amodal information that specifties
properties of objects and events, and their affordances. 1s what permits infants to appear
to experience a world of perceptual unity (J.J. Gibson, 1966. 1979). Some mechanisms
for detecting invariants are present at birth. but sensitivity to invariants increases as new
perceptual and exploratory abilities mature or become moditied by experience. While
there is a primitive unity of sensory systems at birth and infants are not aware ot whether
an object is seen, heard or telt, with experience infants become sensitive to new invariant

relationships and come to detect additional properties of objects and events (Walker-
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Andrews, 1994). Furthermore, the child’s developing perceptual systems provide
information that is increasingly accessible for new purposes. For very young intants,
perception of an aftordance might guide only a limited repertoire of adaptive actions. As
a child ages. perception of an affordance will come to guide a greater variety ot actions.
According to this theory, infants respond to both quantitative (e.g.. size. brightness.
loudness. duration and rate of stimulation) and qualitative aspects (e.g.. thythm. melody.
texture and shape) of stimulation from birth (Bahrick & Pickens. 1994).

Taken from this theoretical framework, the intersensory abilities of very young
infants reflect that. from birth, infant behaviour is remarkably complex and organized.
As such. the infant’s repertoire of behaviours is not random, but reflects an ensemble of
functional organizations. or a collection of “action systems™ which are defined by the
function they serve (Rochat & Senders. 1991). For instance, sucking behaviour is viewed
as part of the nutritional or feeding system. Behaviours are identified as “acts™ from
birth. rather than as mechanistic “responses™ or “retlexes™ and infant action is seen as
inextricably and functionally tied to the environment and its resources or affordances
(E.J. Gibson. 1982: E.J. Gibson & Spelke. 1983 J. J. Gibson, 1979: Rochat & Reed.
1987).

J.J. Gibson (1962) wrote specitically on the topic of haptics and argued that it is a
purposive search for stimulation. He defined haptics as active. not passive, touch
consisting of a blend of two modes of sensation, i.e., kinesthesis and proper touch which
permits exterospecific and propriospecitic stimulation or the excitation of skin. joint and
tendon receptors. He regarded the hand as a sense organ distinguished from the skin of
the hand. According to Gibson, exploration with the hand and the movements of the
fingers are purposive in that an organ of the body is being adjusted for the registering of
information. The purpose of the exploratory hand movements is to isolate and enhance

the component of stimulation which specifies the characteristics of the object being
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touched. [u other words. active touching is a purposive effort to obtain the stimulation
which yields a perception of what is being touched, or the atfordances or functional
possibilities an environment offers. Based on experiments with adults. J.J. Gibson (1962)
concluded that a great number of environmental properties can be perceived through
active touch alone. and in the absence of vision. His views have also been supported by
relatively more recent research indicating that infants are capable of haptic perception of
object properties (Bushnell & Boudreau. 1991, 1998: Rose. Gottfried & Bridger, 1981a.b:
Ruft, 1989; Streri. 1993). Moreover, the developmental timetable of haptic perception of
various object properties in infancy delineated by Bushnell and Boudreau (1991)
indicates a relationship between infants” abilities to haptically perceive specitic object
propertics (c.g.. shape, texture. hardness. and weight) and the development of specitic
motor abilities considered to be prerequisites tor the perception of cach property.

There is evidence indicating that infant haptic behaviour. even in its earliest torm
of oral exploration is an active process of secking information. Mouthing appears to
drive and organize early exploratory behaviour and is a primary means by which infants
explore and discriminate among objects and detect what they atford for action (Rochat &
Senders. 1991). Rochat (1983) reported that the perceptual-exploratory tunctioning of
the mouth is evident at birth. He recorded the oral activity of neonates and young infants
following successive presentations of nonnutritive rubber nipples varying in shape and
texture. Even among neonates only a tew hours old, variations in oral responses
corresponded to variations in the physical characteristics of the nipples. [nfants
responded with significantly more mouthing and less sucking of the experimental nipples
relative to a control pacifier that was comparable to a natural nipple. Furthermore. the
ratio of sucking to mouthing varied according to the age of the infant and the features of
the nipple. Newborns displayed a sensitivity to changes in texture, whereas one-month-

olds displayed a sensitivity to changes in texture and shape of the nipple. These findings
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suggest that early in development, the nutritive function of sucking changes in relative
importance as the young infant actively develops the perceptual-exploratory potential of
the mouth (Rochat & Senders, 1991).

The coordination of oral and manual activities, or hand to mouth behaviour. from
birth also supports the differentiation view of haptics as an organized and active system
geared towards exploration. The mouth and the hands do not tunction independently. but
appear to be functionally linked from birth (Rochat & Senders. 1991). Hand-mouth
contact is frequent in the neonate and is one of the carliest demonstrations of the
integration of two separate systems. Butterworth and Hopkins (1988) analyzed hand-
mouth contact among newborns and reported that the infant’s mouth is often open in
anticipation of the arrival of the hand. and that this contact is independent of the Babkin
or rooting reflex. A further series of studies (Blass. Fillion, Rochat, Hoftmeyer &
Metzger, 1989: Rochat, Blass & Hoftmeyer. 1988) illustrated that gustatory stimulation
with sucrose appears to play a primary role in determining coordinated hand-mouth
behaviour in neonates. That is, sucrose significantly increased the likelihood of hand to
mouth behaviour. relative to water. olfactory stimulation, as well as tactile stimulation to
the hand (Rochat & Senders. 1991). Moreover. hand-mouth behaviour decreased when a
rubber pacifier was placed inside the infant’s mouth following sucrose delivery.
According to the investigators, sucrose appeared to engage the neonates™ tfeeding system
which recruits hand-mouth coordination. This coordinated action may be oriented toward
providing the infant with an object on which to suck. They concluded that these
rudimentary oral-explorative behaviours appear to be an integral part of the
teeding/sucking system, which once engaged orients the newborns towards objects
affording sucking. These observations suggest that the hand transport to the mouth is
perhaps the earliest expression of goal directed action (Rochat & Senders, 1991). Hand-

mouth contact is viewed as heralding later developments in object exploration.
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The hand-mouth coordination observed among neonates rapidly evolves to
become more object-oriented. The coordination between the hands and the mouth
becomes reoriented by 2 months of age toward exploration, as opposed to feeding.

This is illustrated by the transport of objects, introduced to the hand. to the mouth for oral
contact and haptic exploration. The root of this action is not the engagement of the
sucking/feeding system via oral stimulation but rather manual/haptic contact with the
object as an integral part of the infants™ exploratory action system (Rochat & Senders.
1991). By 5 months, this behavioural pattern is the main feature of the intant’s
spontaneous exploration of objects and culminates in visually guided reaching.

Thus. the research on hand-mouth contact at birth. and its development within the tirst
tew months after birth. are consistent with the conceptualization of haptics as a perceptual
system innately oriented towards “action™ or active exploration ot the environment.

This research also challenges Piaget’s view ot hand-mount contact in the neonate as
accidental and fortuitus and hand-mouth coordination as a combination of originally
independent schema (i.e.. sucking and grasping: Rochat & Senders. 1991).

Haptics. according to the ditferentiation perspective, also serves to provide
information regarding the affordances of stimuli. Grasping behaviour is observed in the
neonate. and like mouthing, manual grasping is a means for the young infant to haptically
perceive the affordances of objects. Rochat and Gibson (1985) and Rochat (1987) have
demonstrated, in studies with newborns and 2- to 3-month-olds, that from birth, infants
show differential haptic responding with mouth and hands towards various qualities of an
object. In particular, infants sucked at a soft object and impressed the hard one with
protracted bites. The reverse was found when infants acted manually on the object:
infants made repeated grasping motions on the hard object, and clutched the soft one.
The finding suggests that soft or hard objects present the infant with difterent affordances

for oral and manual action. The hand and the mouth are difterentially oriented in their
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haptic response. The manual-haptic response appears oriented toward the object’s
affordance for clutching. (e.g.. with the hand tightly closed as atforded by the soft object).
The oral-haptic response, including exploration. is oriented toward objects™ affordance for
sucking (i.e., as afforded by the soft object) and biting (as afforded by the hard object).
These findings are consistent with the differentiation view that haptics is an active
perceptual system from birth geared towards the detection ot affordances. They also
challenge Piaget’s more passive view of early haptic behaviours as retlexes and providing
and being repeated only for the sensory stimulation they provide.
Summary Implications of Integration and Differentiation Theories

[n summary. the haptic modality. as understood within both difterentiation and
integration theory. is an important source of perceptual learning. While these theories
may understand haptic perception difterently. in terms of the abilities and functions of
haptics as a function of developmental stage, and in terms of the units/contents of haptic
perception, they both strongly implicate haptics in cognitive development during the first
6 months of life. However, there are sutticient data presently to support carlier and
greater contributions of the haptic modality to cognitive development than suggested by
Piaget’s theory. The available research suggests that haptics is an active perceptual
system that provides not only sensory information but allows learning of the atfordances
of objects. Moreover, the cross-modal abilities between haptics and vision strongly
support a role tor haptics in the organization of intersensory relationships. However, as
stated earlier, the present knowledge on infants’ haptic abilities is limited since it is based
largely on cross-modal perception studies which have been conducted primarily with
infants during the second half-year of life (Bushnell & Boudreau. 1991). There is a lack
of empirical research directly assessing haptic perception during the first half-yvear of life.
Such research is warranted given the importance both integration and difterentiation

theories hold for haptics, and given the cross-modal findings that have been obtained to
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date. Further understanding of the haptic modality’s contributions to cognitive
development would entail research into the issues of what information or object
properties are processed through haptics. the efticiency of haptic processing (e.g.. the
facility. speed or rate with which information is processed haptically). and how infants
use the haptic modality to acquire information about the world during their first half-year
of life.

Further research is warranted on the basis of the limitations of Piagetian and
Gibsonian theories in predicting cognitive ability from intancy. While their emphasis on
perceptual-action relations in cognitive development have had a substantial impact on
advancing developmental theory and research. these ideas have been limited in their
ability to predict cognitive ability based on infant perception-action abilitics.
Standardized scales of mental development such as the Griftiths. Bayley. Cattell. and
Gesell, which measure perceptual and motor development during infancy and early
childhood have not fared well. in what Bornstein. Slater, Brown, Roberts and Barrett
(1997) have termed the “first wave™ of prediction research, in predicting children’s [ater
pertormance on more traditional psychometric assessments of intelligence. [t was argued
that the lack of predictive validity was due to the fact that the infant “mental scales™
measured perceptual and motor development, which are ditferent from the cognitive and
intellectual abilities measured in childhood. Accordingly. the search began in a “second
wave” of prediction research for cognitive measures of infant performance that might
display stability into childhood, and correlate better with abilitics measured by childhood
intelligence tests. This “second wave™ of research also holds implications for the haptic
modality.

Information Processing Theory
The “second wave™ of prediction research was based on the information

processing framework whose basic assumption is that thinking is information processing
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(Snow, 1998: Siegler. 1991). Cognitive development and functioning are understood
within this framework as the process by which information is entered into the brain
through the sense organs and how it is perceived and processed by the infant. While the
input and output (1.e.. infant response) features of information processing can be
observed, the internal processing remains unseen. The internal processing or inner
mechanisms that produce cognitive growth are the tfocus in this framework (Siegler.
1991). Two proposed mechanisms consist of the acquisition of cognitive skills that
improve the way information is processed (e.g.. strategies for remembering information
improve with age) and changes in the rate of acquiring and processing information.
Theoretically. these abilities improve with age and experience. The research aimed at
predicting, from infancy. cognitive abilities in later childhood implicates perceptual-
cognitive abilities as likely analogs tor childhood information processing skills. The
visual and auditory modalities have been the primary foci of rescarch on infants’
information processing abilities.

The perceptual-cognitive analogs for information processing skills consist of
habituation. response to novelty (or dishabituation). and recognition memory. Paradigms
testing these abilities permit the study of ditterent aspects of perceptual and cognitive
development in infancy such as encoding. memory. retrieval, and comparison of new and
tamiliar stimulation (Bornstcin, 1981; Lamb & Bornstein. [987; McCall, 1994).
Habituation is the decrement in attention infants pay to a continuously available or
repeated stimulus. which cannot be accounted tor by change in state, response fatigue. or
sensory adaptation (Bornstein et al., 1997). Infants™ habituation to a repeatedly presented
stimulus has been conceptualized as a build-up of an internal representation or mental
trace of the stimulus, and as involving the creation of a mental schema or mental
representation of the stimulus (Bornstein & Tamis-LeMonda, 1994; Cohen & Gelber,

1975; Columbo, 1993; Lhote & Streri, 1998). [n addition, the waning of attention is
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thought to reflect internal comparisons of mental representations. or the comparison of an
internal memory representation or trace of a stimulus to that of a subsequently presented
stimulus (Bornstein & Sigman. 1986; Bornstein & Tamis-LeMonda. 1994: Colombo.
Mitchell. O'Brien & Degen-Horowitz. 1987: Rose & Tamis-LeMonda. 1999: Zelazo,
Kearsley & Stack. 1995). When a match between the stimulus and the representation
occurs. infants are less likely to look at the recognized stimulus (Lhote & Streri. 1998)
and the subsequent waning of attention is thought to indicate cognitive familiarity with
the stimulus. [n addition, habituation. or the duration of attention towards a stimulus, is
thought to reflect the rapidity or efticiency with which infants acquire or process
information about the stimulus (Columbo, 1993). Greater decrements, quicker declines,
or relatively lesser amounts of cumulative looking are generally inferred to indicate more
efficient styles of information processing (Bornstein & Sigman. 1986: Columbo. 1993).
The rescarch on infant visual attention has supported the view of habituation as reflecting
infants” speed of processing or rate of acquisition and encoding of intormation about a
stimulus (Bornstein & Sigman. 1986; Columbo. 1993).

Response to novelty and recognition memory are related processes that also index
information processing abilities (Rose & Tamis-LeMonda. 1999). Response to novelty.
or dishabituation. is the recovery in attention intants show to a new stimulus. [t is
measured by the relative amounts of looking infants pay to novel over tamiliar stimuli.
Recovery of attention to novel stimulation suggests that infants discriminate between
familiar and novel stimuli (Lhote & Streri. 1998) and that the decline in attention during
habituation was not simply due to receptor adaptation or fatigue (Columbo. 1993).
Discrimination abilities are also thought to involve comparisons of mental representations
of familiar and novel stimuli. That is, discrimination abilities suggest that infants have
formed a memory of the familiar stimulus to which they compare the novel stimulus

(Bornstein et al.. 1997) and that the comparison has not led to a match between these two
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mental representations (Cohen & Gerber, 1975). In turn. infants attend to, or continue to
explore novel stimuli. Relatively greater amounts of looking at novel stimuli are
interpreted as more efficient information processing (Bornstein & Sigman, 1986).

Recognition memory. or memory for the tamiliar, habituation, stimulus involves
similar comparisons of mental representations and is inferred based on the response to
novelty (Columbo. 1993). Recognition memory is inferred when following renewed
attention to a novel stimulus. the infant’s response declines when the old stimulus is
reintroduced. Alternatively. recognition memory is also inferred when the infant shows a
greater preference for novel relative to tamiliar stimuli when these are presented
simultancously tollowing habituation. These responses to the novel relative to the
tamiliar stimulus are based on the learning or acquisition of information about a stimulus
that has been previously viewed. and on the retention of this information in memory. A
systematic response to the novel stimulus cannot occur if the infant cannot remember
which of the two he or she has previously seen (Columbo. 1993). Habituation, response
to novelty. and recognition memory have been widely interpreted in terms of speed and
rate, or accuracy, efficiency. and completeness of information processing (Bornstein &
Sigman. 1986: Bornstein et al.. 1997, McCall & Carriger. 1993: D.H. Rose. Slater &
Perry. 1986: Sigman. Cohen. Beckwith, Asarnow. & Parmelee, 1991: Sigman, Cohen,
Beckwith & Parmelee, 19806).

Three avenues of research have provided substantial evidence that information
processing measures indeed tap into and assess the mental capacities of infants (Rose &
Tamis-LeMonda. 1999). First. developmental studies within the first year of life have
identified age related changes in information processing abilities (Rose & Tamis-
Lemonda. 1999). Across age. infants habituate faster, and display shorter accumulated
looking times to habituation (Bornstein. Pécheux & Lécuyer. 1988; Columbo, 1993;

Colombo & Mitchell, 1990: Slater & Morison, 1985), and more reliable and faster
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responses to novelty (Fagan, 1974: Rose. 1983: Rose et al.. 1982; Richards, 1997).
Second. studies on the discriminant validity of information processing measures have
been found to reliably distinguish risk groups (e.g.. Down’s Syndrome infants, cocaine-.
alcohol- and polychlorinated biphenyis- (PCB) exposed babies, and full-term infants with
health problems or nutritional deficiencies) from age-matched low-risk controls (Rose &
Tamis-LeMonda. 1999; Zelazo, Weiss. Papageorgiou & LaPlante, 1989). Infants “at
risk” for cognitive delay or handicap have been shown to habituate less efficiently than
low risk controls, to exhibit novelty preterences at older ages. and to continue displaying
difticultics in processing speed well into childhood (Cohen, 1981: Friedman, 1975;
Jacobson. Fein, Jacobson. Schwartz, & Dowler, 1985; Jacobson. Jacobson. Sokol,
Martier & Ager. 1993: Lester. 1975: Rose. 1980, 1983, 1994a: Rose, Feldman, McCarton
& Wolfston. 1988: Rose. Gottfried & Bridger. 1978). Finally. studies of visual and
auditory information processing in infancy have shown continuity with performance in
childhood (Bornstein et al.. 1997; McCall. 1994: Rose & Tamis-LeMonda, 1999).
Predictive validity research has documented moderate to strong relations between infant
information processing measures. and measures of intellectual functioning. vocabulary.
and language comprehension in toddlerhood and childhood for both full-term (Bornstein
& Sigman. 1986; Bornstein ct al.. 1997; Fagan & Singer. 1983; Lewis & Brooks-Gunn,
1981; McCall & Carringer. 1993; Miller et al., 1979; D.H. Rose, et al. 1986; Ruddy &
Bornstein, 1982; Tamis-LeMonda & Bornstein, 1989, 1993) and pre-term infants
(O’Connor. Cohen and Parmelee, 1984; Rose & Feldman, 1995; Rose, Feldman, &
Wallace. 1988. 1992: Rose. Feldman, Wallace. & Cohen, 1991, Rose. Feldman, Wallace
& McCarton, 1989, 1991: Sigman et al., 1986. 1991).

The clinical utility of both visual and auditory infant information processing
measures tor detecting mental retardation has also been supported. [n a longitudinal

study, Rose, Feldman and Wallace (1988) found that a cutoft of 54% novelty preference
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at 7 months correctly identified 8 of 11 children who had [Q scores in the mentally
retarded range and 42 of 45 children with IQ scores above this range (see also Fagan &
Vasen. 1997). Zelazo and Kearsley (1984) and Zclazo (1988) also discriminated
developmentally delayed infants (i.e.. presenting with a delay of at least 4 months on the
Bayley Scales of Infant Development) with intact mental ability from those with impaired
mental ability. They used a Standard-Transformation-Return paradigm in two visual and
three auditory tasks. A standard stimulus event (either visual or auditory) was repeatedly
presented for a tixed number of trials. followed by a novel transformation in the event.
Finally. a return to the standard was represented in order to assess recognition memory.
A “cluster” of behavioural measures (i.e.. visual fixation, smiling, vocalizing. pointing.
and clapping) as well as heart rate were used as indices of information processing. The
information processing procedures identified 75% of the sample of children as having age
appropriate information processing ability, despite delays. The children then received
treatment for the delays. The ~intact™ group improved following treatment, while the
“impaired” information processing group did not. This pattern of results held up as
children entered school. The ability of information processing procedures to identify
children with intact mental ability suggests that conventional tests may be misleading.
Moreover. the ability to distinguish between children with intact and impaired mental
ability on the basis of information processing measures and to predict future functioning
supports the contention that these measures tap central processing ability (Zelazo et al..
1995).

The information processing perspective has also contributed to extending the
knowledge of infants™ haptic perception and processing abilities, and ultimately to
understanding the contributions of haptics to development. The indices of habituation,
response to novelty. and recognition memory have also been applied towards

understanding the nature of the information encoded, processed, and retained through
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haptics. the efficiency, or speed. with which information is processed haptically. as well
as infants’ haptic sensitivity and discrimination abilities. Most of the present knowledge
of infants™ haptic perception and information processing abilities has been derived from
studies of shape perception. and to a smaller extent. studies of texture perception. The
methodology of haptic perception research consists, in large part. of information
processing paradigms, procedures, and measures. The methodology is reviewed below
since it is critical to understanding the research on haptic perception and processing of
shape and texture which follows.

Methodology of Haptic Perception Studies

The present knowledge about infants™ haptic information processing has been
obtained largely within the context of intramodal equivalence. cross-modal transfer and
matching. and violation of expectancy paradigms. All of these paradigms rest on
measures of habituation, response to novelty and recognition memory (Rose & Rutt,
1987). Intramodal equivalence refers to the recognition of an object in the modality in
which it was originally presented. [nfants are tamiliarized with an object in one modality,
cither visual or haptic. and then tested in the same modality. Cross-modal transfer refers
to the recognition of an object in a modality other than that in which it was initially
experienced: e.g., visually recognizing an object that has only been felt but never seen
before (Rose. Gottfried, & Bridger. 1981a.b). Infants are habituated in one modality and
tested for dishabituation or recognition in another modality (Rose & Tamis-LeMonda.
1999).

Novelty preferences are indexed in the visual and haptic modalities by greater
visual attention, or active manipulation, respectively of the novel object. The novelty
response on the test suggests that infants form a representation in one perceptual system
(e.g., haptic) and successfully access it either in the same system (e.g., haptic) or in

another (e.g., visual; Rose & Tamis-LeMonda, 1999). Negative findings, particularly in
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the crossmodal studies, may, however. be due to the memory demands placed on infants
because of the sequential presentation of familiarization and test objects. Thus, a
matching paradigm, where infants continue to explore the familiarization object in one
modality during testing in the other. is sometimes preferred in crossmodal studies (Rose
& Rutt, 1987). For example. two objects may be visible while the infant simultaneously
handles an object tdentical to one of the two visible ones, but which is shielded from
view. Successful transfer is indicated by a visual preference for the novel of the two
visible objects.

Finally. in the violation of expectancy paradigm infants are visually presented
with an object but when allowed to tactually explore it. it does not feel like the visible
object (Rose & Ruft, 1987). Such experiments are believed to assess the highest level of
transfer because of the formation of expectancies for the second sensory system.
However. an important issue complicating the interpretation and usefulness of the
findings is the choice of the behaviour that is used as an index of surprise or puzzlement.

The procedures emploved within these paradigms consist of the fixed trials and
infant-controlled habituation procedures which have been typically and reliably employed
to study visual and auditory perception (Streri. 1993). While both procedures use the
same two behavioural measures ot decrement and recovery of attention trom which to
infer information processing (e.g.. Bornstein & Sigman. 1986; Kisilevsky & Muir. 1984;
Stack & Bennett, 1990). they difter on a number of variables which directly influence the
findings. In the fixed trials procedure. the number, duration and interval between
stimulus exposures is predetermined (Bornstein & Benasich. 1986). Thus. infant
behaviour is influenced by procedural parameters such as trial length, number of trials,
and inter-trial intervals and thus, may be unrelated to processing of stimuli. That is. when
infants are given time limits within which to become familiar with a particular shape

during familiarization and a predetermined amount of time within which to display

31



novelty responses. their responses may not reflect their true capacities for processing. In
turn, the findings which indicate lack of discrimination may be attributed to limitations in
the modality being tested when they may actually be a result of the limitations of the
procedure employed. Furthermore, infants may not be equally exposed to a stimulus
during the preset trials for reasons that also have little to do with processing (Bornstein &
Sigman, 1986). The fixed time of familiarization and test trials does not take individual
differences in haptic exploration into account (Streri. 1993). The majority of studies of
haptic perception of shape. and all studics of haptic perception of texture have employed
this procedure.

[nfant-controlled procedures correct for the limitations of fixed trials procedures
in that they permit tracking of individual courses of habituation and equate infants on
degree of habituation. This procedure better reflects infants’ sensitivities in that it ensures
that every infant during visual habituation is looking in the spatial location of the
stimulus at the time of stimulus onset, or in haptic habituation that every infant is
handling the stimulus.  Stimulus offset is set at the termination of infant tooking or infant
touching. This procedure permits infants to vary on the speed or rate of their habituation
and on their pattern of tixations. or manipulations. betore habituation. Thus. it yields
assessment of individual difterences (Bornstein & Benasich, 1986: Colombo et al..
1987). For these reasons. the infant-controlled procedure has gained popularity in the
study of visual and auditory perception and it may also be more informative of processing
rates and abilities within the haptic modality. However, it has been used in only a small
minority of studies of haptic perception among infants under 5 months of age, and most
of these have focused on perception of shape (e.g., Pineau & Streri, 1990: Streri. 1987.
Streri & Pécheux, 1986a.b; Streri, Pécheux & Vurpillot. 1984).

Haptic Perception of Shape

Studies employing infant-controlled procedures have revealed that very young

32



infants are capable of haptic (H-H) and visual (V-V) intramodal transter of shape
information, but V-V transfer becomes easier, requiring less familiarization time. at
approximately 4 months of age (Streri, 1987 Streri & Pécheux, 1986a). Streri (1987)
found haptic-haptic and visual-visual intramodal transfer with shapes that differed
topologically (e.g.. a solid disk from a disk with a hole in the middle) among 2- to 3-
month-old infants following similar amounts of exploration (i.e.. 91 and 105 seconds of
haptic and visual exploration, respectively). Streri and Pécheux (1986a) found that.
following 90 seconds of haptic exploration, 5-month-olds can haptically distinguish
between shapes differing along the rectilinear/curvilinear dimension (c¢.g.. a six-pointed
star from a six-petal tflower-like object). as well as, between shapes that ditter on a
topological characteristic (e.g.. a solid square from a square with a hole in the middle).
However, visual discrimination occurred tollowing only 33 seconds of visual exploration
at this age. That is. there was a 2/3 decrease in visual exploration time to habituation tor
shape but no corresponding decrease in tactile exploration time between the ages of 2- to
3-months and 4- to 5-months (Streri. 1987; Streri & Pécheux. 1986b). These studies
were the first and only. to date. that were conducted using an infant-controlled
habituation procedure in the haptic modality. The findings demonstrate that intants
exhibit haptic habituation to the objects presented to them and react to novelty by holding
an unfamiliar, relative to a familiar, object longer. These studies also illustrate that
infant-controlled procedures, typically employed to study the visual modality. can be
adapted to the study of the tactile modality (Streri. 1993).

Using fixed trial habituation procedures, studies of intramodal transfer of shape
during the second half-year of life have shown that H-H transfer continues to be relatively
slower (occurring after 30 sec of haptic familiarization) than V-V transfer (occurring after
15 sec of visual familiarization; Rose et al., 1981a,b; Rose & Orlian, 1991). Atone year

of age, infants are capable of haptically distinguishing a star from a circle, an octagon
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from an hour-glass shape, and a sphere with a protruding nipple from a sphere with a
rectangular notch or missing segment (Rose et al.. 1981a).

The results from studies of cross-modal transfer of shape have also yielded
pertinent information regarding haptic perception and processing. Streri (1987) and Streri
and Milhet (1988) found that 2- to 3-month-old infants were capable of H-V transfer but
did not demonstrate V-H transfer abilities even when allowed to continue viewing the
familiarization shape while they tactually explored an identical or ditferent shape.

Failure of V-H transfer in these studies was not due to the inability of the two systems to
pick up information or to the lack of discrimination abilities in either modality. The two
systems did not difter in familiarization time required to reach habituation and in the
ability to transfer information intramodally (Streri. 1987). Interestingly. this asymmetry
is reversed in infants between 4 and 6 months of age. Streri et al. (1984) and Streri and
Pécheux (1986b) found that 4- to 3-month-old infants ceased to exhibit any prior ability
to transfer shape information from haptics to vision. Only V-H transter was observed
with a number of difterent shapes. Failure to find H-V transfer among 4- to 3-month-olds
was not attributable to intramodal transter difticulties since. like the 2- to 3-month-olds.
these infants were capable ot H-H and V-V intramodal transfer (Streri & Pécheux,
1986b).

Streri and Molina (1994) proposed. given the developmental changes in sensory-
motor abilities, that different factors account for the asymmetry in transfer at each age.
They suggested that failure to observe V-H transfer in 2- to 3-month-olds may be due to
infants’ motor limitations. That is, infants at this age are limited in their ability to follow
the contours of an object, a haptic exploratory procedure which is necessary for capturing
information about object shape. Hence, following visual familiarity with a shape, they
cannot haptically recognize the previously seen object. However, in a series of studies

with this age group (Streri & Molina, 1993), they were able to observe V-H transfer when

34



the visual display consisted ot a flat drawing of an object rather than the real 3-
dimensional object. Thus, the authors proposed that each modality may lead to a
different representation of stimuli and that the ditferent representations may account for
the asymmetry in transfer at this age. Strert and Molina (1993. 1994) suggested that
when infants are visually familiarized with 3-dimensional (3-D) objects. they construct a
holistic, 3-D representation. In contrast, they suggested that haptic exploration with a
3-D object leads to an analytic level representation. or a representation of the object parts.
but not to a full representation of its 3-D structure. Thus. following visual familiarization
with a 3-D object. infants fail to haptically recognize a 3-D object tollowing visual
familiarization because recognition requires that they descend trom their higher-level.
holistic and 3-D representation to representation of lower dimensionality. Thus. V-H
transter of 3-D objects is not observed. However, when the visual presentation of the
object is reduced from 3-D to 2-D. haptic recognition occurs by matching representations
at a single level, and V-H transfer is observed. In contrast. infants are capable of H-V
transfer ot 3-D objects by moving upward from a lower-level to a higher-level
representation. Their account of the asymmetry in transfer at this age also suggests that it
is difficult to recognize analytic level properties of a stimulus (i.e.. obtained haptically)
once its holistic level has been perceived (i.e., visually). That is, visual exploration does
not lead to a representation of information transferable to haptics, whereas haptic
exploration leads to representations of object shape that are transferable to vision (Streri,
1987).

Streri and Molina (1994) argued that the asymmetry in transfer observed at 4- to
S-months needs to be accounted tor differently given that infants at this age are in an
important stage of sensory-motor development. The superiority of V-H transfer found at
4-5 months, and the absence ot H-V transfer, were attributed to the development of visuo-

prehensile coordination (i.e., the visual control of handling objects; Streri. 1987; Streri &
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Pécheux. 1986a). Streri and Pécheux (1986a) and Streri and Molina (1994) suggested
that during the development of visuo-prehensile coordination at 4- to 5-months, the motor
activity and functions of the hand predominate over its perceptual functions. That is. the
infant’s newly acquired ability to transport objects, to bring objects to the field of vision,
to move his/her arms and to coordinate both hands predominate over the perceptual. fine-
motor abilities and the manipulatory activity that are necessary for the recognition of the
object. They concluded that when 3-month-olds hold small and simple objects in their
hands such as those in the Streri and Pecheux studies (1986a. 1986b). in the process of
trying to transport the object to the mouth or the eyes. they detect little information.
Although this information may be sufticient to discriminate the object intramodally. it is
not sufticient to recognize it visually.

There is support tor the view that movement is the predominant teature at this
age. Four- to 5-month-olds who miss their target when reaching for objects do not
correct their movement but rather start the reach over from the beginning (Bower, 1974).
In addition. Streri and Pincau (1988) have demonstrated that infants” movement of the
object could intertere with awareness of object properties. They conducted two
experiments with haptic familiarization and test phases. In the first experiment they
demonstrated that 3-month-olds could discriminate a sphere trom a cube haptically. In
the second experiment a sphere or a cube was placed on a turnable crank attached to a
box. Infants were helped to turn the crank by holding the sphere or the cube for eight 10
second trials (i.e.. the mean duration of habituation phase in the first experiment). The
test phase was the same as in the first experiment, however. no evidence of discrimination
was found. They concluded that infants could not simultaneously attend to the action on
the device and to the properties of the object they were holding. This study illustrates the
interference of motion on the perceptual capacities of the hand (Streri & Molina, 1994).

[n addition, studies have shown that 4- to 5-month-old infants are capable of H-V
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transfer of properties such as object unity and boundaries when exploration is bimanual
and when it involves considerable movement of the objects (Streri & Spelke, 1988. 1989:
Streri, Spelke. & Rameix, 1993). For example, Strert and Spelke (1988) gave infants
rings to hold (one in each hand, and out of view) that were rigidly connected and moved
together or that could be moved independently. Infants who explored the independently
moving rings perceived two distinct objects during a visual test with rings that were
connected or separated. I[nfants who explored the rigidly connected rings perceived a
single object. In another study. Streri et al. (1993) gave infants a device they could
manipulate, but not see, that was made of two surfaces. one small and one large. [n one
condition the surtaces were rigidly connected. [n another two conditions. the smaller
surface could be moved either vertically along the edge of the large surface. or it could be
moved in a horizontal manner away and towards the larger surface. In the final two
conditions. the infant held the device but the experimenter performed the vertical and
horizontal sliding motions. On the visual test the device was presented as a single
connected object. and as two separate parts (or surfaces). [nfants who had handled the
rigidly connected device visually perceived it as a single unit. [nfants in the movement
conditions visually perceived it as two units. When the experimenter moved the display.
the infants’ responses were indeterminate. These studies point to the importance of arm
movements at this age, and their importance in the perception of object unity which can
be transferred unlike, shape, from haptics to vision. Since the infant’s attention at this
age is focused on the transport and manipulation ot objects, H-V transter of shape may
be suppressed.

However. the absence of H-V transfer of shape is thought to be specific to 3-
month-olds. since by 6 months the data show that infants consistently visually recognize
felt objects. H-V transfer of shape reemerges and is consistently observed during the

second half-year of life. Ruft'and Kohler (1978) found that 6-month-old infants

37



haptically familiarized with a cube could visually discriminate it from a sphere. Bryant,
Jones. Claxton and Perkins (1972) found H-V transfer among 6.5- to 1 [-month-old
infants using an ellipsoid paired with an ellipsoid with a rectangular notch or missing
segment. Rose et al. (1981b). using two pairs of stimuli. a cylinder paired with a cylinder
incised with curved indentations and a cross paired with a tapered cllipsoid. found H-V
transfer among 6 month-olds after 60 seconds ot haptic familiarization. [n the same study
(Rose et al.. 1981b). when memory demands were reduced by permitting infants to keep
the familiar object in their hands during the visual test. the 6-month-olds displayed H-V
transter after 45 seconds of familiarization, however. only with the cylinder pair.
Twelve-month-olds performed the same H-V transter tasks after only 30 seconds of
haptic tamiliarization (Gottfried. Rosc & Bridger. 1977). Rose et al. (1981b) concluded
that younger infants are capable ot H-V transter but are hampered by a slower rate of
acquiring inforination haptically. Morcover, H-V cross-modal transfer of shape seems to
be dependent on sufticient familiarization time. the paradigm employed (matching or
successive presentation). and the selection of stimulus shapes.

[nterestingly. among 12-month-olds. cross-modal transfer from haptics to vision
appears to be easier than transter in the opposite direction despite. at this age. the faster
speed of processing within the visual modality and the relative ease of V-V intramodal
transfer as compared to H-H intramodal transter (Gotttried et al.. 1977; Rose. [990b.
1994b; Rose etal.. 1981a.b; Rose & Orlian, 1991). Gottiried et al. (1977) found 12-
month-olds were capable of H-V transfer after 30 seconds of familiarization, however. in
a later study using a variety of different shapes, Rose, Gottfried and Bridger (1981a)
found evidence of V-H transter after only 60 seconds of visual familiarization. but not
after 30. These results suggest that at one year of age, like at 2 to 3 months of age, H-V
transfer may again be superior to V-H transfer. At one year, cross-modal recognition of

equivalences seems to be easier when haptic rather than visual information is the basis
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from which judgments are made. Rose (1990b. 1994b) has suggested that this asymmetry
in the difficulty of cross-modal transfer at one year implies that the hand and the eve may
be sampling difterent stimulus characteristics rather than directly processing or detecting
the same invariants or the same amodal stimulus properties.

A number of studies using the violation of expectancy paradigm have shed
additional light on the transfer of information between haptics and vision in infancy.
Bushnell (1978, ct. Bushnell & Boudreau, 1991) and Bushnell and Weinberger (1987)
using this paradigm allowed intants to see one object while simultancously touching a
second object. either identical or different than the one in view. Bushnell (1978) and
Bushnell. Weinberger and Polan (1984) observed that for certain discrepancies 15- and
| 1-month-olds. respectively in cach study. exhibited surprise and problem-solving
behaviours such as manual search. Bushnell et al. (1984) found that [ I-month-old
infants' detection ot discrepancies was dependent on the nature of the seen object. t.e.. on
the presence of "distinctive” visual features of the seen objects. Intants detected
discrepancies in which they saw a) an egg and felt a cube and b) saw a tur covered cube
and felt an egg and ¢) saw a cross and felt a fur-covered cube. Infants did not detect the
discrepancies in which they saw: a) a cube and felt a cross or b) saw a cube and felt a fur-
covered cube. The authors concluded that the detected discrepancies involved a
“distinctive” feature of the seen object that could not be found manually. The
discrepancies which involved a feature of the felt object which was absent from the seen
object were not detected.

In a follow-up study, Bushnell and Weinberger (1987) contronted infants with
discrepancies that were the converse of those which seemed to go unnoticed above. That
is. they saw either a cross or a fur-covered cube and telt a plain cube. Both of these new
discrepancies were detected. These data were again interpreted as evidence that visual

information plays a directive, goal-setting role for infants” manual explorations. Bushnell
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and Weinberger (1987) also suggested that detection of V-H discrepancies appears easier
when objects differed on more than one stimulus property relative to when they differed
only on one, suggesting that additional cues are necessary tor V-H transfer to occur.
However, it also seems possible that visual information may interfere with tactile
manipulations and in turn lead to failure to detect visual-tactile discrepancies.

Bushnell and Boudreau (1991) proposed that the research on haptic perception of
shape can be sorted into three categories according to the nature of the stimuli employed.
[n some studies the stimuli diftered topologically. That is. the differences between them
would be preserved even under hypothetical bending and stretching. as with Strert's
(1987) disk versus a disk with a hole in it. [n some studies stimuli ditfered featurally.
meaning that one contained abrupt angles. edges. and protrusions while the other
contained only smooth curves, such as the cube versus the sphere or an octagon versus an
hourglass. Finally. the third type of stimulus ditference is configurational. meaning that
both stimuli contained the same kind of teatures such as angles and edges but these were
different in number or spatial arrangement tor the two stimuli [e.g.. cube and the cross-
like solid pair employed by Bushnell (1978) and Bushnell and Weinberger (1987)].

Bushnell and Boudreau (1991) interpreted the results of the shape studies within
this classification system. [t seems that infants as young as 2. 3 and 4 months old can
haptically perceive topological shape differences. Intants from 6 months on can
haptically perceive featural shape difterences. Even older infants (i.e.. 6.5-t I1-and [5-
month-olds), however, may have difficulty haptically perceiving configurational shape
differences. Configurational shape perception by touch has been documented only
among |8-month-old blind children to date (Landau, 1990, ct. Bushnell & Boudreau,
1991).

Although this post-hoc attempt at understanding the basis of infants’ shape

discriminations is valuable, more attention needs to be paid to systematic pre-selection of
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stimulus pairs with the aim of identifying the properties attended to by each modality
(Rose. 1994b). When the objective, however, is to document the sensitivity and abilities
of the haptic system. it may be more cfticient to employ stimulus properties which are
optimally salient to haptics. such as texture. rather than stimulus properties that are salient
to vision (i.e.. shape).
Haptic Perception of Texture

Arguments for the salience of texture to haptics are based on the functions and
abilities of the hand. such as active or purposive touch (J.J. Gibson. 1962). and
exploratory strategies that are best suited for its perception (Katz, cited in Krueger, 1982:
Klatzky & Lederman, 1987). Among adults. haptic exploration has been tound to be best
suited and oriented for the perception of specific stimulus propertics such as weight,
hardness. and texture since these are generally available to haptics. while vision seems to
be oriented towards the encoding of shape (e.g.. Bushnell & Boudreau. 1991 Katz, cited
in Krueger, 1982: Klatzky. Lederman & Reed., 1987 Lederman. Thorne & Jones. 1986).
Moreover. when adults are permitted only haptic exploration they exhibit haptic
exploratory procedures (EPs). or stereotyped hand movements that maximize the sensory
input corresponding to a certain object property. permitting increased ease of encoding
(Klatzky et al.. 1987. Lederman & Klatzky. 1987). For example. when adults pertormed
tasks involving the property of hardness they engaged in the “pressure™ EP (i.e.,
squeezing or poking). For temperature tasks, they engaged in static contact or enclosure
(i.e., enveloping as much of the object with the hand), and for weight, they engaged in
“unsupported holding” (i.c.. resting the object tlat in the hand and lifting it away trom
any supported surface). For shape tasks. they engaged in “contour following™ (i.e..
moving the fingers smoothly and nonrepetitively over the edges of the object). Finally,
when solving experimental tasks hinging on texture, adults exhibited “lateral motion™

(i.e.. rubbing the fingers back and forth) across the surface of an object. The lateral
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motion produces changes in local skin pressure, which varies according to an object’s
surface texture (e.g.. roughness). permitting the encoding of texture.

The perception of a property such as texture offers an excellent opportunity to
study the developing capabilities and limitations of the haptic system not only in
adulthood (Lederman, 1982), but also in infancy. Recent evidence indicates that these
haptic exploratory procedures emerge in human infants at approximately 6 months of age.
and correspond with the emergence of texture perception (e.g.. Bushnell & Boudreau,
1991). Texture perception has been postulated to emerge at this age because of’
simultancous gains in ditferential arm and shoulder muscle accommodations. and
substantial gains in tine motor control. although fine motor abilities are still relatively
immature (Bushnell & Boudreau. 1991, 1993). Infants at this age can accurately reach
for, grasp and manipulate objects.  Many studies support the correspondence between
texture perception and fine motor abilities. For example, 6- to 12-month-olds have been
found to finger bumpy and rough objects more than smooth ones (Lockman & McHale,
1989: Ruft, 1982a. 1984: Steele & Pederson. 1977). Palmer (1989) found that 6-, 9-.
and 12-month-olds picked up. released. and squeezed furry objects more than smooth
plastic ones. However, the results of these studies are difficult to interpret in terms of
haptic perception of texture since the objects’ texture was also visible. Thus. infants’
responses to difterent textures may have been motivated by visual discrimination and
cues rather than haptic discrimination.

A number of other studies conducted with infants during the second half-year of
life have demonstrated that infants respond to haptic texture information. Ruft (1982a)
found that 12-month-old-intants. who looked at and handled objects. attended to the
texture rather than to the colour of objects since they failed to detect novelty in colour
during test trials. Bushnell (1982), employing a violation of expectancy paradigm,

assessed 8-.9 Y2-. and 11-month-olds' texture discrimination abilities. Only 9 Y2- and 11-
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month-olds responded differently on trick (seen and felt object were different) and control
trials (seen and felt object were identical). That is. they detected a V-H discrepancy
between a tur covered cylinder and a knobby object made of smooth plastic. Similarly.
Bushnell and Weinberger (1987) found that texture as well as shape can serve as a basis
for cross-modal matching for infants. Using the violation of expectancy paradigm, 11-
month-olds detected the discrepancy between a fur-covered cube they saw and a smooth
wooden cube that they touched. In a subsequent study. Bushnell, Weinberger and
Sasseville (1989. in Bushnell & Boudreau, 1991) presented wooden dowels to infants.
Along the back of some dowels and out of view there was a strip of fur. sandpaper. or
bumps while other dowels were plain. Twelve-month-olds. and to a lesser degree 9-
month-olds. were more likely to lean forward in order to look at the back of the dowel
after gripping a textured dowel than after gripping a plain one. Bushnell et al. (1989)
suggested that haptic sensitivity to texture led to such exploratory behaviour. While these
studies more convincingly suggest that infants were responding according to the haptic
information. infants were nonetheless permitted to simultancously see the objects. Thus,
it is unclear which component. visual or haptic. contributed to the exploratory behaviour.
Although sparse. studics designed to eliminate the visual component of
stimulation have also indicated that infants are capable of texture discrimination.
Bushnell, Boudreau. Weinberger and Roder (1992) presented surfaces that were textured
on one side (e.g.. soft bristles or several short cylinders) and plain on the other to 7- to 8-
month-olds seated in the dark. Infants touched the textured surfaces longer than the plain
surfaces, indicating that they discriminated the two. In addition. they found that while
infants touched and explored both a shallow well of water and a patch of brush bristles
equally, they used two hands when exploration occurred in the light and only one hand
when they explored in the dark. Infants’ exploratory strategies also varied as a function of

the naturc of the stimulus. Infants scrumbled (i.c.. alternately tlexed and extended their
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fingers) on the brush more than on the water, and they banged the water more than the
brush. These results appear to indicate that infants can discriminate object properties
through touch and. like adults, use distinct hand movements or exploratory procedures to
evaluate specific object properties. Finally, infants' exploratory procedures were more
pronounced in the dark. This may be due to the lack of vision in general, or because
vision may not be integral to the adaptations infants make with their hands to different
stimuli (Bushnell et al.. 1992).

While. in some of the aforementioned studies, attempts were made to eliminate
some or all visual cues. the results remain contounded by the lack of systematic control
over the stimulus properties being examined. Stimuli in the reviewed studies
simultaneously varied along a number of dimensions including shape. size, weight, and
temperature. For example. texture is confounded with shape when bumpy surtaces or
brush bristles are paired with smooth surfaces.

Recently Stack and Tsonis (1999) conducted a study designed to clarity findings
on infants' haptic perception abilities by isolating texture and exercising stringent control
over confounding stimulus properties and eliminating visual cues. Seven-month-old
infants participated in either a Touch-no-Vision (T) condition where textures were
occluded by an opaque plastic cover or a Touch-plus-Vision (T+V) condition where a
transparent plastic cover was employed. The texture stimuli consisted of smooth cotton
flannel and rough carpet lining. The smooth and rough textures were visually identical in
size. shape, colour and weight. Following the Familiarization phase, during which 30 sec
of tactile contact with one of the two textures was acquired. infants participated in two
sequential test phases, each 30 sec in duration. [nfants in the experimental group received
a novel texture during the Novelty phase and the original texture in the Return-to-
Familiar phase. Infants in the control group received the same texture in all three phases.

Both experimental and control infants displayed similarly high and sustained
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levels of haptic manipulation during the Novelty phase in both the Touch-no-Vision and
Touch-plus-Vision conditions. The high levels of responding among control infants
during this phase suggested that the familiarization time employed was insufticient for
complete processing of the original texture. Consequently. it was not possible to isolate
whether the high levels of responding demonstrated by experimental infants during the
Novelty phase reflected a true response to the novelty in texture. However. infants’
responses during the Return-to-Familiar phase were indicative of recognition memory for
the original Familiarization texture. The experimental group's manipulation levels were
significantly higher than the control group’s levels on the initial Return-to-Familiar trials,
however. then decreased by the last Return-to-Familiar trial to the meet the lower levels
of the control group. This suggests that the experimental infants discriminated between
the two textures and that they may have formed and retained in memory a representation
of the original texture. Haptic sensitivity to changes in texture were also retlected in
infants' visual attention. Specifically. experimental infants exposed to changes in texture,
looked towards the stimuli more. relative to control infants, regardless of whether the
textures were visible or not. This group difterence suggests that experimental infants
perceived the changes in texture and reflected their perception through direction of their
visual fixation.

Consistent with past research findings that finer exploratory strategies are
enhanced in the dark (Bushnell et al.. 1992), experimental infants in the Stack and Tsonis
(1999) study scrumbled more than control infants when the textures were not visible,
relative to when they were visible. Vision may have interfered with tactile exploration
because of the lack of visually detectable discriminations between the smooth and rough
textures. This interpretation is compatible with findings from Bushnell and Weinberger
(1987). who had infants view one object while, simultaneously and out of view, touch a

different one. Infants' haptic manipulations corresponded to the visual distinctive
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features rather than to the haptic cues. For example, infants displayed greater poking.
gripping. and digging when they felt a smooth wooden cube but saw a furry cube than
when they (a) saw the smooth wooden cube but felt the distinctive furry one or (b) saw
and felt the same object. Taken within the context of the Stack and Tsonis (1999) study.
infants faced with conflicting visual and haptic information seemed to rely primarily on
vision which provided no cues. Hence, they did not exhibit any exploratory procedures.
These findings support the contention that vision may not be necessary for. or even
distract attention from, the adaptations infants make with their hands to haptic stimuli
(Bushnell et al.. 1992).

Visibility of the textures did. however. lead to higher levels of total attention.
visual fixation. bimanual exploration. and simultaneous tixation and manipulation
relative to the Touch-No-Vision condition (Stack & Tsonis, 1999). This is compatible
with the results of Bushnell et al. (1992) in which infants employed both hands
significantly more when tested in light as compared to dark. and it is consistent with a
number of studies demonstrating that intants' manipulation of objects is accompanied by
visual fixation (Rubenstein. 1974; Rutt, 1976. 1986. 1989). However, the additional
haptic exploration acquired in the Touch-Plus-Vision condition (i.e., through greater
amounts of bimanual contact) and the simultancous visual and haptic manipulation did
not appear to facilitate texture discrimination.

Collectively, these results provide some insight into haptic perception of texture.
First, there was evidence, reflected in both haptic and visual behavioural measures, that 7-
month-old infants are sensitive to changes in texture. Second, vision does seem to
increase infants' total attention and tixation, direct both hands towards the stimuli and
lead to greater amounts of simultaneous visual and haptic exploration. However, these
effects of the visibility of the textures did not seem to aid infants in the Touch-plus-

Vision condition in haptically discriminating the textures. Rather, it appeared to hinder
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their exploratory procedures. It is also likely that the perceptual discrimination task in the
Stack and Tsonis (1999) study was more difficult relative to those of past studies because
stimulus cues other than texture were not available even when infants could see the
textures. More importantly. the findings highlight a limitation of the tixed-trials
procedure in that they indicated that infants required more familiarization time in order to
fully process texture than was expected, and allotted. on the basis of past studies on
haptic discrimination of shape. Given the tixed familiarization time, the quality of
contact with the stimulus during tamiliarization may not have been equivalent across all
infants. [t is likely that the findings. and the understanding of infants™ haptic processing
of texture, were limited due to the paradigm selected.

Interestingly, there have been no attempts to directly investigate texture
perception. cither by haptics alone or even in conjunction with vision, among infants
during the first half-year of life. The majority of research on haptic perception in infancy
has involved infants in the second half-year of life or older. These infants are already
skilled at visually guided reaching and object exploration (Bushnell. Rosenblatt, Gill. &
Striano. 1996). A few texture perception studies have been conducted with infants in the
second half-vear of life. while the majority of research on haptic perception with younger
infants has focused on the property of shape (e.g.. Streri and Pécheux, 1986a.b: Streri,
1987). The lack of studies on texture perception in infants younger than 6 months of age
may be due to the hypothesis that haptic perception is directly linked to manual motor
control and that young infants may have difticulty perceiving an object’s texture because
they cannot vet engage in the specific hand movement patterns optimal for exploring
texture (Bushnell & Boudreau. 1991; Bushnell et al., 1996). In addition. Bushnell and
Boudreau (1991) have proposed that if the studies of featural shape differences are
considered as studies of texture perception then these would suggest that infants younger

than 6 months of age cannot readily perceive texture.
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This analysis raises, however, a critical issue in the arca of haptic perception: the
definition of texture and shape. According to Bushnell and Boudreau (1991) texture is
considered to be akin to featural shape and thus defined by the presence or absence of
features such as angles, edges and protrusions. These features distinguish object pairs
such as cubes and spheres, octagons and hourglasses. cylinders and pyramids. However,
the property of texture also denotes the feel of an object such as its degree of softness or
roughness as was exhibited by some of the stimuli employed in studies of texture
perception such as fur, bristle or sandpaper covered surfaces. Moreover, in the adult
haptic literature texture is primarily defined as a substance related attribute (assuming
homogeneous objects or regions). whereas shape is a global structural property (Klatzky
etal.. 1987).

The latter definitions of texture and shape have been supported in the adult haptic
literature. Klatzky et al. (1987) investigated the cognitive representations ot objects that
are encoded through haptic exploration. Adults were asked to sort objects by similarity.
Three groups of participants used only haptic exploration and were given difterent
definitions of similarity. The haptically biased group was instructed to sort objects
according to how similar objects feel. the haptics plus visual imagery group was
instructed to sort objects according to similar visual images. and the unbiased haptics
group was given no definition of similarity. A fourth group used vision, in addition to
haptics. but similarly to the unbiased haptics group, they were not given a definition of
similarity. The objects to be sorted differed factorially along the dimensions of texture
(i.e.. roughness), hardness, shape. and size.

Klatzky et al. (1987) predicted that haptic encoding without vision would most
naturally focus on texture and hardness, whereas the addition of vision (either imaged or
real) would lead to greater emphasis on shape and size. As predicted, the unbiased

haptics and haptically biased groups were highly similar. Both groups found the
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substance dimensions of texture and hardness relatively salient. while the haptics plus
visual imagery group found shape to be overwhelmingly salient. The haptics plus vision
group showed salience to be more equally distributed over the dimensions. Thus.
Klatzky et al. {1987) argued that the haptic and visual systems have distinct encoding
pathways with haptics oriented towards the encoding of substance rather than shape.
Moreover. they argued that this may reflect a direct intluence of haptic exploratory
procedures that are executed under unbiased haptic encoding. The procedures were those
that are generally found to be rapid and accurate permitting high "ease of encoding”.

If the haptic modality is oriented to the encoding of texture when considered as
substance, rather than shape, then predictions of texture perception abilities in infants in
the first half-year of life should not be based on their abilities to haptically perceive
teatural shape differences. Rather, texture defined as substance is more akin to
topological shape difterences. That is. they are preserved under hypothetical bending and
stretching. When texture is defined in this manner it eliminates confounding properties
of shape such as bumps and angles. Streri's (1987) findings of topological shape
discriminations among 2- to 3-month-olds may thus suggest that texture is relatively
salient to haptics even at such a young age and is worthy of further investigation.

In addition. exploration in the haptic modality may already be geared towards the
encoding of texture. For instance, Streri (1987) noted that the 2- to 3-month-old infants
engaged in precision handling of objects and in finger pression, opening and closing of
the hand, and sliding the thumb or all fingers over the surface. These observations
suggest that the limited fine motor and exploratory procedures that 2- to 3-month-old
infants are motorically capable of include those that are most efficient for texture
perception among adults (e.g.. lateral motion) and that these may be sufficient for the

perception of texture.

Thus. there seems to be ample reason to pursue the investigation of texture
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perception during the first half-year of life. However, only one such recent investigation
exists. Bushnell et al. (1996) examined 3-month-olds' haptic perception of material
properties. Infants were tested in the dark with a series of “dumbell™ shaped stimuli with
either a metal spring or a sponge curler as the shaft. and nerf balls on both ends. The
spring and curler differed in texture. temperature, and compliance. but not perceivably in
size. shape, or weight. Infants’ fingers were placed around the shaft. and were permitted
to hold and freely explore each stimulus until they dropped it, or for a maximum of 25
seconds. The results were interpreted cautiously since evidence of discrimination was
indirect. That is. only the infants who were exposed alternatively to both stimuli
displayed overall higher activity levels than infants exposed only to one stimulus
repeatedly. These infants also preferred the curler stimulus. holding it longer and
mouthing it more than the spring. The authors concluded that very young infants: 1) may
be able to perceive material properties with their hands but do not manitest this ability in
manual activity per se. possibly on account of their limited repertoire of manual
exploratory behavior; and 2) may encode stimuli mainly in terms of how they feel to the
mouth or in terms of hand posture required to hold them and since the stimuli were
identical in this respect. they did not discriminate them more dramatically. I[n addition.
they concluded that stimulation received through the hands seemed to primarily attect
infants’ overall arousal levels and perhaps their inclination to explore the stimuli orally.
Their findings and conclusions unfortunately. are difticult to interpret vis a vis texture
perception since the pair of stimuli employed also diftered on the dimensions of
temperature. compliance and shape (i.e., when the grooves between coils of the spring are
considered).
Summary

As underscored by the literature review, touch and haptics serve important and

vital functions in promoting adaptive infant development. Tactile stimulation serves to
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organize and foster biological, physical and intersensory perceptual functions. [t also
fosters adaptive attachment and social and sexual behavior. Integration and
differentiation theories of development have acknowledged the importance of haptic
stimulation and exploration in perceptual learning and cognitive development. Ensuing
research has substantiated that infants. from birth, are sensitive and responsive to haptic
stimulation. and engage in haptic exploration as a means of learning about the world and
its physical properties. Haptic perception and information processing procedures and
measures have documented that intants process a variety ot stimulus properties through
haptic exploration. form mental representations of haptically perceived information, and
can transfer this information to vision. Haptics appears to be an “expert” system for the
acquisition of specific information about the world. such as texture, temperature.,
substance and weight.

While there is a firm theoretical and empirical base that supports the importance
of haptics in infant development. the knowledge of the functioning of this modality and
of infants’ haptic perception and information processing abilities is limited for many
reasons. First. as indicated in the literature review. the current knowledge of infants’
haptic processing abilities has arisen mainly out of research cttorts to study infants’
cross-modal abilities (i.c.. between haptics and vision). In turn. since infants’ motor-
haptic abilities are thought to be limited, most of this research has been conducted with
infants over 6 months of age. Thus, very little is known about infants™ haptic perception
and processing during the first half-year of life, despite the evidence supporting the
importance of this modality, and the haptic abilities of infants during the early months of
life. Second. even the few intramodal haptic studies conducted during the first half-year
of life, and all those conducted with older infants have centred on the perception and
processing of the stimulus feature of shape. While these studies have been informative

regarding infants’ abilities, studies of texture perception would provide a more precise
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assessment and documentation of the contributions of haptic processing to cognitive
growth. Detection of texture is considered best achieved by touch. relative to other
sensory modalities (Bushnell & Boudreau, 1991; Klatzky et al.. 1987; Lederman etal..
1986). It therefore follows that the study of this, or any other. perceptual modality and its
sensitivity, processing and development therein, would best be served by the use of the
most appropriate and salient stimuli.

Third. the few efforts to study texture perception in infancy have been limited by
the availability of concurrent visual information. Isolating the sense of touch from vision
is a particularly difficult challenge with infants who are interested in exploring their
world and are not likely to take kindly to blindfolds. or to the dark. However. the
presence of visual information leads to difficulties in ascertaining the independent
functioning. sensitivity and contributions of haptics. as well as the nature of the
information attended to. detected and processed through haptics. Fourth. studies of
texture perception, even the few that have controlled tor simultancous visual information.
are confounded by a lack of systematic control over competing stimulus propertics such
as shape. size and temperature. Thus. it is unclear which stimulus properties intants are
attending to and processing during haptic exploration. [n turn. any interpretations
regarding infants” perception of texture and haptic abilities. are limited. Finally. the
majority of studies on haptic perception of shape and all studies of texture have employed
methodology, such as fixed-trials habituation procedures. that impose experimental
constraints on infants and, as a result, influence the experimental results obtained.
Subsequently, interpretations regarding haptic perception and processing abilities are also
constrained and equivocal. The end result of these limitations is inadequate
understanding of infants” haptic information processing abilities.

The pervasive implications of touch and haptics for a vast range of developmental

functions clearly validate and support the attention and research dedicated to haptics to
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date. However, the limitations in this domain of research highlight the need for further
research. Specifically, research directed at assessing infants’ haptic processing abilitics.
independent of vision, and during the first half-year of life is warranted. Moreover.
research should take into consideration the methodological issues of stimulus properties
and experimental paradigms in order to obtain a clearer picture of haptic sensitivity.
acuity. and processing capacity early in infancy.
The Present Research: Rationale and General Objectives

Two studies were designed to contribute to the understanding of infants™ haptic
abilities during the first half-year of lite by studying their texture perception abilities.
Study | was designed to assess infants” intramodal haptic perception of texture. Study 2

was designed to assess the functioning ot the haptic modality during bimodal. haptic and

]
-

visual. exploration. The same infant-controlled habituation procedure was employed in
both studies. as was a habituation (HAB)-novelty (NOV )-return-to-tamiliar (RFAM)
paradigm. During the HAB phase a texture stimulus was repeatedly presented to infants
until they reached a preset habituation criterion. The habituation criterion was based on
past infant-controlled studies of visual habituation and of haptic shape perception. The
NOV and RFAM test phases each consisted of 3 infant-controlled trials. A novel texture
was presented in the NOV phase. and the original HAB phase texture was presented in
the RFAM phase. The same set of two textures were used in both studies. In Study 1.
infants were permitted only haptic exploration of the textures. and vision ot the textures
was occluded in all phases by a cover placed at upper chest level. The purpose was to
assess whether intants could process and discriminate textures on the basis of haptic
exploration alone. In Study 2. the cover was transparent during the HAB phase,
permitting bimodal. haptic and visual exploration. This permitted an evaluation of
infants’ haptic habituation patterns during bimodal exploration. However, vision was

occluded during the test phases in order to assess what information was processed by the
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haptic modality during the bimodal HAB phase.

Four general objectives set the basis for the design ot the two studies. The first
objective was to assess infants” haptic perception abilities. specifically their haptic
processing speed, discrimination or response to novelty, as well as their recognition
memory for haptic stimulation. during the first half-year of life. Given the salience of
texture to haptics and to tap into the perceptual potential of the haptic modality, a texture
discrimination task was employed. This objective was realized in Study 1 with the
isolation of haptics from vision in order to obtain a clear understanding of the
independent perceptual abilities of the haptic modality. The infant-controlled HAB-
NOV-RFAM procedure permitted assessment of haptic: 1) speed of processing; 2)
discrimination; and 3) recognition memory abilities. A no-change control group received
the original HAB phase texture during the 6 trials corresponding to the NOV and RFAM
trials. Infants were expected to discriminate texture solely on the basis of unimodal
haptic exploration and habituation. and to display recognition memory tor texture
information. These abilities were expected to be observed on the haptic behavioural
measures of total haptic manipulation and on the more specitic torms of haptic
manipulation, infants™ exploratory procedures (i.c.. stroking and scrumbling).

The second objective consisted of examining the influence of vision on infants’
haptic abilities. The predominating notions that vision is the dominant sensory modality
and that haptic perception is limited before the development of visual-motor coordination
(since vision is integral to infants’ haptic manipulations) tormed the basis for this
objective. Thus, the two studies were designed and conducted in a sequence that
specifically addressed whether. and how, vision intluences infants™ haptic processing,
discrimination, and recognition of texture, as well as how it aftects their exploratory
procedures. That is, in Study 1 haptics was isolated from vision during an infant-

controlled texture habituation task. This permitted an assessment of infants™ abilities to
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process texture information and to discriminate texture solely on the basis of haptic
exploration. However. in Study 2. infants were permitted both haptic and visual
exploration during the HAB phase. Thus. Study 2 permitted an examination of infants’
haptic habituation and exploratory procedures during a bimodal condition that was
similar to their opportunities for exploration in their natural environments. [n addition,
occluding vision during the test phases in Study 2 and testing for haptic discrimination
and recognition memory abilities. served the purpose of examining the nature of the
information processed during the bimodal HAB phase. Finally, since the same
methodology was employed in both studies, statistical comparisons across the two studies
were possible in order to document the impact ot vision on haptic perception of texture.
The systematic manipulation of vision uniquely contributes to the understanding of the
relations between haptics and vision during the first halt-year of life. Specitically. the
questions addressed were whether and how vision alters: 1) the rate of haptic processing
of texture information during habituation: 2) the nature of the sensory information
attended to. and processed during habituation. and therefore infants™ haptic discrimination
of. and recognition memory for. texture information and 3) haptic exploratory procedures
and bimanual manipulation.

[t was hypothesized that the visibility of the textures would lead to faster
habituation and less total duration of haptic manipulation to the habituation criterion in
Study 2. relative to Study 1. However, infants were still expected to display texture
discrimination and recognition abilities. following bimodal exploration during the HAB
phase. in their levels of haptic manipulation. Thus. while the availability of visual
information in Study 2 was expected to modity habituation patterns, it was not expected
to interfere with infants’ attention to, and processing of texture information during the
HAB phase. This hypothesis was based on literature indicating very early haptic

sensitivity and processing abilities (Rochat & Senders. 1991; Streri, 1987; Strer1 &
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Milhet. 1988; Streri & Pécheux. 1986a.b). and literature supportive of the Gibsonian idea
that infants™ exploration is geared towards the understanding of an object’s atfordance
(Rochat. 1983: Rochat & Gibson. 1983; Rochat & Senders. 1991). Given that the stimuli
in the present study were designed to be defined by texture, it was expected that even
when the texture stimulus was visible during habituation, infants would attend to the
haptically perceived property of texture. rather than, or in addition to, its visual
properties. Moreover. the habituation criterion was based on infants™ haptic manipulation
levels. Habituating infants on the basis of haptic manipulation increases the likelihood
that they are habituating to the haptic. texture properties of the stimulus, rather than the
visible propertics. Only if they attended to texture during bimodal habituation would
they be able to detect the novel texture during the unimodal haptic test trials.

The visibility of the textures was, however, expected to intluence the nature of
infants” exploratory procedures and their bimanual manipulation. As observed in
previous studies (Bushnell etal.. 1992: Stack & Tsonis. 1999). the visibility of the
textures was expected to dampen infants” exploratory procedures (i.c.. result in lower
levels of exploratory procedures) during the habituation phase of Study 2. relative to
Study 1. As a result. discrimination and recognition memory abilities were not expected
to be observed on the measure of exploratory procedures in Study 2, but only on the
measure of haptic manipulation as stated above. The visibility of the textures was
expected to direct both hands to the stimulus and to therefore lead to higher levels of
bimanual manipulation during HAB in Study 2 relative to Study 1.

The third objective in the present set of studies was to examine developmental
changes in: a) haptic habituation. discrimination, and recognition memory during
unimodal haptic exploration (as reflected in age differences in Study 1) as well as during
bimodal haptic and visual exploration (as reflected in age differences in Study 2); and b)

haptic exploratory procedures, bimanual manipulation and visual attention responses
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during each of the unimodal (haptic) and bimodal (haptic and visual) texture tasks (in
Studies | and 2, respectively). Infants at 3- and 6-months ot age were included in each
study. These ages were selected since there have been no studies on intramodal haptic
texture perception conducted to date with infants during the first half-year of life, and
these ages permit the assessment of haptic abilities just before and just after (3- and 6-
months, respectively) the development of visual-motor coordination and fine-motor
skills. The available literature suggests that the haptic system is the expert system for the
perception of texture information. and that even very young infants may have sufticient
haptic sensitivity and exploratory skills necessary for the perception of texture. However,
the information processing literature suggests that there are developmental differences in
information processing indices. Thus. infants at both ages, that is. betore and after the
development of visual-motor coordination, were expected to process texture information
during. and to make texture discriminations following both unimodal (i.e.. Study 1) and
bimodal (i.e.. Study 2) exploration. However. the older infants in both studies were
expected to be more efticient processors and this efficiency was expected to be reflected
in habituation measures.

Three- and 6-month-old infants were also expected to differ on other behavioural
measures. including exploratory procedures, bimanual manipulation, and visual attention
responses. [n each study. vlder infants, as a result of more developed fine-motor abilities
and visual-motor coordination were expected to display higher levels of exploratory
procedures. bimanual manipulation. and visual fixation towards the stimuli.

The fourth objective of the present studies. implicitly incorporated in the design of
the two studies was to address the methodological issues that have limited the
interpretation of past research results vis a vis haptic perception during the first half-year
of life. The primary methodological consideration was the choice and design of a

habituation procedure that would be more promising in understanding haptic perception

57



and processing patterns, including habituation patterns and novelty discriminations. An
infant-controlled procedure was designed and adapted from such procedures employed in
the study of visual and auditory processing. An infant-controlled. rather than fixed trials,
habituation procedure eliminated experimental constraints imposed on infants and
allowed them to haptically explore and process texture information at their own. natural
pace. It allowed for the examination of the speed of haptic processing of texture
information. the rate at which mental representations of haptically experienced stimuli are
formed. the retention of these representations in memory and of subsequent comparisons
to new haptic information.

Additional methodological considerations included the systematic selection of the
optimal stimulus property for the study of haptics and controls for the presence of
additional. confounding stimulus teatures. Texture was defined on the dimension of’
roughness. and the choice of textures was based on a preliminary study of adult ratings.
The texture stimuli in the present studies were caretully designed in order to control for
confounding stimulus properties such as temperature. hardness. size. compliance. weight,
shape. and colour that have limited interpretations about infants™ haptic perception in the
past. Finally. the confound of visibility of stimuli which has limited interpretations of
haptic abilities was addressed by systematically controlling for the visibility of the
textures during haptic exploration. This control measure contributes substantially to
understanding the independent functioning of haptics and to claritying the influence of
vision on haptics.

In summary, an experimental series of two studies was conducted and applied
towards meeting the global objective of examining haptic perception in very young
infants. Given the paucity of research on haptic perception during the first half-year of’
life. 3- and 6-month-old intants were tested. In addition, texture was the property isolated

and investigated. the haptic modality was isolated systematically from the visual, and an
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infant-controlled habituation procedure was employed. Addressing the methodological
issues was deemed invaluable in understanding: 1) haptic perception and processing of
texture (including the speed at which information is processed haptically, and haptic
discrimination and recognition memory abilities); 2) haptic exploratory procedures by
which infants acquire information through haptics; 3) how vision influences infants’
haptic information processing and haptic exploration: and 4) developmental changes in

unimodal (i.e.. haptic) and bimodal (i.e.. haptic and visual) exploration.
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CHAPTER 2: Study |

The purpose of Study 1 was to contribute to the understanding of infants’ haptic
perception and processing abilities in a number of ways. First. haptic information
processing, discrimination and recognition memory abilities. as well as exploratory
procedures during the first half-year of life were examined. There is a paucity of research
directed specifically at haptic intramodal abilities during the first 6 months. despite the
evidence that haptic exploration is organized from birth (Rochat & Senders. 1991). that
infants are sensitive and respond difterentially to various forms of haptic stimulation
(Rochat & Gibson, 1985; Rochat et al.. 1988). and are capable of haptic-visual cross-
modal transfer of information (Meltzott & Borton, 1979; Steri, 1987; Streri & Milhet.
1988: Steri & Pécheux. 1986a,b). The view that vision dominates and guides haptics in
perceptual-cognitive development, the view that visual-prehensile coordination is
necessary for infants” haptic exploratory behaviour. the faster development to maturity of
the visual system. and the fine-motor limitations of the haptic system have all contributed
to the lack of research on haptic perception during the first halt-year of life.

Second. developmental changes in haptic processing and discrimination were
assessed by studying infants at 3 and 6 months of age. The predominating notions are
that infants™ haptic perception and information processing are limited prior to visual-
prehensile coordination, is dependent on the development of sutticient fine-motor
exploratory procedures, and that vision is integral to the execution of these exploratory
procedures (Bushnell & Boudreau, 1991, 1993, 1998; Hatwell, 1987, 1993; Heller. 1982).
The selection of these two age groups permitted the examination of the impact of visual-
prehensile coordination and fine-motor exploratory abilities on haptic perception and
information processing. Moreover, the haptic intramodal design directly addressed the
issue of whether vision is necessary for the execution of these fine-motor exploratory

procedures.
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Third, Study | contributed to clarifying the impact of methodological limitations
in past studies on the interpretations and conclusions regarding intants’ haptic abilities.

A number of methodelogical issues were addressed in Study 1 since these may account
for any observed. or interpreted. limitations in infants™ haptic processing abilities. These
limitations have typically, to date, been attributed to an immature, insensitive, or slow
processing haptic system. In order to permit a clearer understanding of the early
functioning of the haptic modality. the impact of the choice of habituation procedure
employed. stimulus property presented. and the availability of confounding visual
information were assessed. Study | was the first study of haptic intramodal perception of
texture during the first half-year of life using an infant-controlled habituation procedure.
Fixed-trials procedures employed in past studies impose time constraints on processing.
and observed limitations in infants™ haptic processing may be due to these constraints
(Bornstein & Sigman. 1986). An infant-controlled procedure permitted a clearer
evaluation of how information is processed through haptic exploration. That is. it
permitted a view of haptic intramodal information processing patterns (e.g.. accumulated
haptic manipulation time to habituation and trials to habituation). and any changes therein
as a function of age.

Past studies of haptic perception have also been confounded by the selection of
nonoptimal stimulus parameters for haptics, by lack of control for confounding stimulus
propertics. and by the visual access to. or visibility of, stimuli. Study | was the first
study to systematically select texture as the stimulus property to be employed in an
intramodal haptic perception task with infants under 6 months of age. Texture was
selected on the basis of its salience to haptics (Bushnell & Boudreau. 1998; Klatzky et al.,
1987: Lederman. 1982; Lederman & Klatzky, 1987), making it more appropriate and
amenable to the purpose of tapping into the perceptual and processing abilities of the

haptic system. Furthermore, the textures were selected on the basis of an adult blind-
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rating study. and the texture stimuli were then constructed to control for confounding
features such as shape, size, colour. temperature, hardness, and weight. The study of less
appropriate stimulus properties in past research may have also contributed to observed
limitations in haptic perception and processing. Finally. Study | was the first study to
systematically isolate vision from haptics during an infant-controlled texture habituation
task during the first half-year of life. The occlusion of vision permitted an assessment of
the nature of the stimulus information attended to and processed on the basis of only
haptic exploration.

The design of Study | consisted of an infant-controlled HAB-NOV-RFAM haptic
intramodal procedure. Vision was occluded in all phases by a large opaque cover.
During the HAB phase. infants were required to meet a baseline criterion of 20 seconds
of haptic contact with the HAB phase texture. They then had to meet the habituation
criterion which consisted of two consecutive trials of haptic manipulation that were each
at a decrement of 50% of the baseline mean. [ntants were subsequently presented with
three trials of a novel texture in the NOV phase. and then with a turther three trials of the
original HAB texture in the RFAM phase. In order to facilitate interpretation of infant
responses during each of the test phases. a no-change control group was included. The
control group was also habituated to a texture, but continued to receive the original HAB
texture during six trials corresponding to the experimental NOV and RFAM test trials.
Subsequently. control group intants obtained two to four additional dishabituation
(DHAB) trials during which a novel texture was presented. The dishabituation trials
served as a turther control for decline in responsivity over control trials as being due to
fatigue effects.

There were three primary objectives for Study [, and each was tested with a
subset of hypotheses. The first objective consisted of examining infants’ haptic

information processing patterns during habituation. A number of information processing
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measures, based on infants’ haptic responses, were recorded during the HAB phase.
These included the number of trials required to reach the baseline minimum criterion of
20 seconds of haptic contact with the HAB texture. the number of trials to reach the
habituation criterion. the magnitude of the habituation response (i.c.. an index of the
magnitude of the relative decline of manipulation levels on the two final habituation
criterion trials relative to the two longest baseline trials), and the total accumulated haptic
manipulation to habituation. A number of hypotheses regarding infants™ haptic
information processing and discrimination abilities were tested. First. on the basis of past
visual and auditory research indicating developmental difterences in habituation patterns
and information processing speed (Rose & Tamis-LeMonda, 1999). 6-month-olds were
expected to be more adept than 3-month-olds at haptic exploration. and faster processors
of the texture information. That is. they were expected to meet the baseline minimum
criterion and the habituation criterion taster, within a shorter number of trials. They were
also expected to display a sharper habituation response (i.c.. greater magnitude of
habituation). and less accumulated total haptic manipulation time to habituation.

The second objective consisted of examining infants’ response to novelty, or
discrimination of textures. as well as their recognition memory for textures. A number of
haptic and visual attention responses were examined. Since infants were habituated
haptically and not visually, infants’ haptic responses were expected to be more reliable
and valid indicators of discrimination and recognition memory abilities relative to their
visual attention responses. Therefore, predictions of discrimination and recognition
abilities were made for haptic dependent measures and interpretations regarding these
abilities were based on the haptic measures. However, given the importance accorded to
visual attention as an index of information processing, measures of infants’ visual
attention were also examined for any patterns indicative of discrimination and recognition

memory, and guarded hypotheses were proposed.
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A number of haptic behavioural measures were recorded in order to assess
infants’ haptic discrimination and recognition abilities. These included levels of haptic
manipulation, exploratory procedures (i.e.. stroking and scrumbling). and bimanual
manipulation. In addition, similar to the index of the magnitude of habituation, an index
of the magnitude of the dishabituation response upon presentation of the NOV texture
was calculated on the basis of active manipulation levels. It was based on the levels of
haptic manipulation on the NOV trials relative to the criterion trials. Infants at both ages
were expected to display discrimination of the textures. That is. experimental group
intants were expected to display higher levels ot haptic manipulation and exploratory
procedures and a greater magnitude of dishabituation. relative to the no-change control
group intants during the NOV phase. However, the same pattern was not expected on the
measure of bimanual manipulation since this was an intramodal haptic task, and vision
has been documented to be necessary for infants to explore with both hands (Bushnell et
al.. 1992: Stack & Tsonis. 1999). A final haptic indicator of intants™ discrimination
abilities was obtained by looking at the control group’s levels of haptic manipulation
during their extra dishabituation trials. where they were finally presented with the novel
texture, relative to the three trials of the RFAM phase. Higher levels of haptic
manipulation during the DHAB phase were expected to indicate response to novelty. or
discrimination of the textures. Behavioural indicators of response to novelty would
indicate that infants had indeed processed the texture during the [HAB phase. and had
distinguished the novel texture on the basis of only haptic contact with each. Novelty
responses would further imply the formation of memory representations and mental
comparisons.

[t was also expected that habituating infants to the same criterion level would
result in both ages displaying recognition of the original texture during the RFAM phase.

Since the RFAM trials for the experimental group consisted of a change in texture, their

64



levels of haptic manipulation during the RFAM phase were expected to be greater than
the control group levels during this phase. This would indicate detection of the
discrepancy between the NOV trials and the RFAM trials. However, the experimental
group infants were also expected to display signtficantly lower levels of haptic
manipulation in the RFAM phase relative to the NOV phase. This would suggest that
while the detection of the discrepancy between NOV and RFAM phases led to higher
levels of manipulation relative to controls in the RFAM phase. recognition of the RFAM
texture led to lower levels of haptic manipulation relative to the NOV phase. Higher
levels of haptic manipulation by the control group on the DHAB trials would also serve
as a control for fatigue effects being responsible for the lower levels of haptic
manipulation among experimentals during the RFAM phase. Support for recognition
memory would also imply that infants retained haptic information in memory. at least
short-term. and engaged in comparison of mental representations.

Infants’ visual attention responses were also examined for response to novelty and
recognition memory. The objective in measuring visual attention during a haptic-
intramodal task was to assess whether intants™ haptic processing was coordinated with.
and theretore reflected in their visual attention. The measures of visual attention included
total attention (consisting of looking at the cover, at the experimenter. and in the direction
of the texture stimulus under the cover), direct attention (i.c., looking at the experimenter
and looking in the direction of the texture stimulus) and fixation (i.c.. looking in the
direction of the texture stimulus). The hypotheses about infants™ discrimination and
recognition abilities being reflected in visual attention measures were guarded since the
habituation criterion was not based on visual attention, but rather on haptic manipulation.
[t was expected on the basis of the haptic and visual unity posited in differentiation
theory, and evidence supportive of early haptic-visual cross-modal abilities. that the

predicted haptic discrimination and recognition responses (during the NOV and RFAM
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phases. respectively) would be reflected as well in total visual attention and direct
attention, for both age groups. However, only 6 month-olds were expected to display
discrimination and recognition responses in their levels of fixation. The haptic task was
expected to direct the visual attention of even 3-month-old experimental group intants.
(and lead to higher levels of total attention and direct attention). However, given less
developed visual-motor coordination at 3 months. the younger infants were not expected
to be capable of directing their eyes towards an unseen. but manipulated. texture stimulus.
The third objective was to examine developmental differences in habituation
patterns. discrimination. recognition memory. exploratory procedures and visual attention
between 3 and 6 months ot age. As discussed earlier. developmental ditterences were
expected in habituation indices. However, since infants were permitted to habituate to
the same criterion. developmental difterences were not expected in haptic discrimination
and recognition memory. Nonetheless. 3- and 6-month-old intants were expected to
differ in their exploratory behaviour. That is. 6 month-olds were expected to display
higher levels of exploratory procedures and of bimanual manipulation. as a result of gains
in fine-motor abilities and visual-motor coordination. respectively. Evidence for haptic
discrimination and recognition abilities among 3-month-olds. despite lower levels of
exploratory procedures at this age. would imply: I) an earlier timetable for the haptic
perception of texture than suggested by existing literature; and 2) an important role tor
the perceptual functions of the hand. relative to the motor functions. during haptic
perception. Finally. developmental hypotheses were made pertaining to visual attention.
[n general, given the development of attentional resources with age. 6-month-olds were
expected to display higher levels of total attention, direct attention. and fixation relative
to 3-month-olds. [n addition, as stated earlier, due to the development of visual-
prehensile coordination. discrimination and recognition abilities on the measure of

fixation were expected only for the 6-month-olds.
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Method

Participants

The names of potential participants were obtained from the birth records of a
community teaching hospital in the Montreal area. Criteria for inclusion included full-
term birth and uncomplicated medical and developmental histories. Parents were
contacted by telephone and informed of the general purposes of the study and asked for
their voluntary participation. Thirty-eight 3-month-old infants were tested. Of these. 9
were excluded from the tinal sample because of fussiness. 2 tor not making the baseline
criterion. 2 because the caregiver spoke during the testing. and | because of experimenter
error. Thirty-eight 6-month-olds were also tested. Seven were excluded from the final
sample due to tussiness, and 5 due to lack of obtaining the baseline criterion. [n addition.
2 were excluded when interviews with the parents revealed that the children’s medical
and developmental histories did not meet the inclusion criteria for the present study. The
final sample consisted of 48 infants: 24 3-month-olds ( 12 of each sex) with a mean age off
3 months. 4.5 days (sd = 3.82 days). and 24 6-month-olds (12 ot cach sex) with a mean
age of 6 months, 3.7 days (sd = 6.45 days). The majority of the families in the final
sample were Non-Hispanic White (68%). The remaining families were Hispanic (15%).
African American ( [3%). and bi-racial (4%). [n terms of education. tamilies were
classified as 13% with high school education. 24% had some college education or trade
school training, and 63% had college degrees from programs requiring 4 years of college
or more. In terms of occupational status, the tamilies were classified in the domains ot
Professional Specialty (33%), Administration/. Managerial (13%). Sales (13%), Clerical
(11%). Cratt/Trade Specialty (11%), Operatives (9%). Service workers not in private
households (2%). and Farm Labourers (2%). The remainder of the families were

unemployed (4%) and students (2%).
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Apparatus

The testing area was enclosed by two black partitions (8 by 6 feet in length and
height. respectively) placed in a semicircle around the infant and the experimenter to
eliminate any sources of visual distraction in the testing room. Infants were seated on
their caregivers' laps facing a neutral-faced (i.e.. expressionless) experimenter (E1) who
was seated on a stool approximately 70 cm away. A large rectangular opaque plastic
cover. resembling a large bib. was attached comfortably around the infants' necks and
attached at all four corners to the black partitions on either side of the infant. All testing
sessions were videotaped on 8mm Sony video cassettes by a Hitachi VK-C350 camera
mounted to the front and slightly to the left of the infant that recorded a frontal view
including the infant's tace. body and his/her hands underncath the cover. The camera was
connected to a NEC color video monitor located in the adjacent observation room which
was separated from the testing room via a one-way mirror. A FOR VTG-22 stop watch
adaptor was attached to a FOR-22 video timer so that a time code was placed on cach
video record in minutes. seconds, and milliseconds. The time code permitted precise
frame-by-frame coding of video records. A variable speed remote control with shuttle
function was used in subsequent coding of the video records.

A button on a computer mouse connected to a computer in the testing room was
used by the experimenter to signal whenever infants actively manipulated the objects. A
custom designed computer program calculated infants’ active haptic manipulation. At the
onset of each new trial and at each change of phase. tones were transmitted to the
experimenter via carphones she wore.

Experimental Stimuli

The selection of the texture stimuli employed in Study | was based on the results
of a pilot study. where twenty adults (10 of each sex) were asked to rank 10 textures

while blindfolded in each of two sessions. [n one session the textures were placed on a
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square flat surface, and in the other on a cylindrical surface. Surface order was
counterbalanced across participants and each received the textures in a different random
order. In each session they were asked to rank order the 10 textures on the dimension of
roughness (i.c.. from least to most rough). They were presented with each texture
sequentially until they had all 10 sorted trom least rough to most rough on the table in
front of them. The mean rank order position values (ranging trom 1 to 10") are
presented in Appendix A. Table Al for each surface. Kendall's coefticients of
concordance on the rank ordering of textures on the dimension ot roughness were
calculated to be 0.84 and 0.80 for each of the square and cylindrical surfaces respectively.
These values indicated a significant degree of agreement among subjects on the rank
order positions attributed to the textures (£°=151.2, p <.001 and y*=144. p <.001 for the
square and cylindrical surface concordance values).

Mixed Analyses of Variance (ANOVA) on the mean rank order values were
conducted for cach surtace separately. with the between variables of Sex (male. temale)
and Order of surface presentation (square-cylinder. eylinder-square) and the within
variable of Texture (10 levels). The ANOVA results indicated only a Texture main
eftect, F(9.171) = 101.39. p=2.001, and F(9.171) = 75.27. p<.001 tor the square and
cvlinder surtace, respectively. Tukey's HSD pairwise comparisons were then performed
on the mean ranking for each texture (range from 1 to 10, indicating most rough to least
rough respectively) and for each surface. The two textures which yielded the greatest
significant difterence in mean ranking on roughness were selected for the infant study.
The same two textures, cotton {leece and carpet lining, were ranked as the least and most
rough. respectively, with each ot the two surfaces. The square surface was sclected for
use in the infant studies since the surface area was large enough for an infant's hand to be
fully extended on it. and since it permitted a greater surface area for the execution of

exploratory procedures necessary for the perception of texture. In addition. it reduced
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infants’ reflex to grasp and simply hold the stimulus. The ANOVA summary and Tukey
HSD analyses tables for the square surfuace mean ranks are presented in Appendix A.
Tables A2 and A3.

The smooth. cotton fleece. and rough, carpet lining. texture stimuli selected were
identical in color (i.c.. white). The textures were presented on a flat masonite surface
with two components; a flat square surface and a flat rectangular handle that the
experimenter held in order to present the stimuli to the infants. The two textures were
wrapped around each component of the stimulus (i.c.. the square surtace and the
rectangular handle) such that it was completely covered. The square flat surface was 13
cm in length and height. and 1.5 cm in width. The handle was 25.5 cm in height and 3.5
cm in length and 1.5 ¢cm in width. Both texture stimuli were. thus, identical in color.
shape. size. and hardness. [n addition. since the experimenter held the stimuli by the
handle when presenting them to the infants. the experimenter bore the weight of the
stimuli. Thus. the stimuli diftered only in texture.

Design
The design of the study. represented in Table 1. was a 2 (Age) x 2 (Group) x 2

ve (3- and 6-

(Order) x 2 (Sex) x 4 (Phase) mixed model. The 4 between factors were Ag
months), Group (experimental, control). Order {order 1: smooth-rough-smooth and
smooth-smooth-smooth (SRS/SSS). for experimental and control groups respectively;
and order 2: rough-smooth-rough, and rough-rough-rough (RSR/RRR). for experimental
and control groups. respectively}, and Sex {male, female). The within factor was Phase
with 4 levels [Betore Habituation (BHAB). Criterion (CRIT), Novelty (NOV), and
Return-to-Familiar (RFAM) phases|. The BHAB and CRIT phases comprised the
habituation phase (HAB). The BHAB phase consisted of all but the two criterion trials

during the HAB phase. The CRIT phase consisted of the last two trials of the HAB phase

which were the two criterion trials. Each of the NOV and RFAM phases consisted of
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Table 1

Design Table for Study |

Phase
HAB NOV RFAM DHAB
BHAB CRIT
22 2 3 3 2to 4
Age  Group Order  Sex trials  trials trials trials trials
3 Experimental SRS Male
months S R S
Female
RSR MHIC
R S R
Female
Control SSS-R Male
S S S R
Female
RRR-S l\JlillC
R R R N
Female
6 Experimental SRS Male
months S R S
Female
RSR Male
R S R
Female
Control SSS-R Male
S S S R
Female
RRR'S l\(lale
R R R S
Female

Note. HAB = habituation. BHAB = before habituation. CRIT = criterion. NOV = novel.
RFAM = return to familiar. DHAB = dishabituation. S =smooth. R = rough.
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three trials. There were 24 infants within cach age group and they were randomly
assigned to cach of the experimental (n=12) and control (n=12) groups.

Both experimental and control groups were required to meet a baseline level of
haptic contact with the texture. and then to meet the habituation criterion before the test
phases began. Experimental group infants then received three trials with the novel
texture (NOV) and three trials with the original texture in the RFAM phase. Control
group infants received the same texture in each of the three trials of the corresponding
NOV and RFAM phases. Presenting the same texture to control infants during these
phases permitted the attribution of dishabituation among experimental group infants to
discrimination of the novel from the original texture (Colombo et al.. 1987). The control
group infants then received an additional two to four trials with the novel texture in a
fourth Dishabituation (DHAB) phase in order to control for tatigue eftects (Dannemiller
& Banks. 1983: Zelazo et al.. 1989). Inittally two DHAB trials were administered but
this was extended to tour trials, since these intants exhibited disinterest in touching and
boredom following habituation and test trials with the familiar stimulus. It was argued
that tour trials may have given these control infants a greater opportunity to recover their
interest and attention. Eleven of the 24 control infants obtained two DHAB trials and the
remaining 13 control infants received four DHAB trials.

The order of presentation of the textures within each group was counterbalanced.
That is, half the infants in the experimental group received the smooth stimulus during
habituation (BHAB and CRIT trials). the rough stimulus in NOV, and the smooth
stimulus again in RFAM (Order [; SRS), while the remaining half of the experimental
group were habituated to the rough stimulus, received the smooth stimulus in NOV, and
the rough stimulus again in RFAM (Order 2; RSR). Similarly. half the infants in the
control group recetved the smooth stimulus in the three tirst phases, and the rough

stimulus in DHAB (Order 1: SSS-R) while the other halt obtained the rough stimulus in
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the first three phases and the smooth stimulus in DHAB (Order 2: RRR-S). There were
an equal number of males and females in each order.
Procedure

Caregivers and infants were greeted and escorted into a waiting room. The
experimenter reviewed the procedure with the caregivers who were then asked to read
and sign a consent form (Appendix B). Once in the testing room. the intant was scated
on their caregiver's lap. The experimenter then attached the opaque cover around the
infant's neck. The experimenter remained neutral. that is still-faced and silent. and made
no cye contact with the infant throughout the testing. The habituation stimulus was
initially presented to the infant's right hand underneath the cover since many studies
suggest a very carly right hand dominance (McDonnell. 1979; Streri. 1987). Throughout
each phase the experimenter alternated presentation of the stimulus to the other hand only
if the infant’s right hand was out of reach under the cover.

An infant-controlled procedure was employed. A trial began when the infant
manipulated the stimulus for at least | second and ended when the intant released the
stimulus tor more than 1.3 seconds or when a maximum trial length of 60 seconds of
manipulation was met. The experimenter pressed the mouse button every time the infant
manipulated the texture and for the entire duration of each manipulation. It the infant
released the stimulus the experimenter held the stimulus in the same position until the
infant returned to it or until 1.3 seconds had passed at which time the computer signalled,
via a single tone, the beginning of the next trial, whichever came first. When the
computer signalled the beginning of the next trial. the experimenter re-presented the
stimulus to the infant's hand. The computer monitored the trials and also signalled the
beginning of each new phase to the experimenter via a double tone.

Baseline. The baseline criterion was modelled on criteria employed in infant-

controlled visual and haptic habituation procedures (Columbo & Mitchell, 1990;
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Columbo. Mitchell, Coldren & Freeseman, 1991: Streri. 1987: Strert & Pécheux.
1986a.b). During the HAB phase, the baseline was calculated as the mean of the longest
two initial trials provided that the infant had manipulated the texture for a minimum of 20
seconds over the two trials. [f this minimum manipulation criterion was not met over the
first two trials, a tloating point accommodated into the program then calculated the
baseline on the basis of the next two longest consecutive trials that met the 20 second
criterion (e.g.. the mean of trials 2. and 3. provided that the sum of haptic manipulation
over these two trials was equal or greater than 20 seconds). It a baseline was not obtained
within 16 trials, testing was terminated to allow for a short break and one more attempt
was made to resume testing. All intants in the final sample met the baseline criterion
with the first attempt.

Habituation Criterion. The habituation criterion was based on infant-controlled

visual and haptic habituation procedures (Columbo & Mitchell. 1990: Columbo et al..
1991: Streri. 1987; Strert & Pécheux. 1986a.b). The criterion tor habituation consisted of
two consecutive trials that were cach at a decrement of 50% of the baseline mean. The
maximum number of trials for habituation was also 16. Testing then proceeded into the
next phase even if the habituation criterion was not met within 16 trials. However, these
infants were considered as nonhabituators and their data were excluded trom the analyses.
All infants in the final sample met the habituation criterion. A double tone to the
experimenter’s ear indicated that the habituation criterion was met. or that the 16
habituation trials had elapsed.

Test Phases. The test phases began immediately following the habituation phase.
Each of the test phases. NOV and RFAM, consisted of three trials. The experimental
group obtained the novel texture during the three NOV trials, and the original habituation
texture during the three trials of the RFAM phase. The control group continued to

receive the same habituation texture during these corresponding six trials, and then
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received the novel texture during either two or four DHAB trials. The NOV and RFAM
test phase trials. as well as the DHAB trials, were also infant-controlled; a trial began
when the infant manipulated the stimulus for at least I second and ended when the infant
released the stimulus for more than 1.5 seconds. The end of the testing session. or the
end of the RFAM phase for the experimental group and the end of the DHAB phase for
control group. was indicated by a triple tone to the experimenter. Finally. in the event
that any infant tretted for over 20 seconds at any point during the testing. or it parents
requested to stop. a short break was taken before the procedure was attempted for a final
time. None of the infants in the final sample required a break.

At the end of the testing session, caregivers and infants were escorted to the
waiting room. and demographic information was collected (Appendix C). Caregivers
were thanked for their participation and infants and their caregivers were given an [nfant
Scientist Award. All participants were informed that they would be mailed a report of the
general findings of the study once it was completed.

Dependent Measures

1. Habituation Indices. A number of habituation measures are considered critical

variables of interest in studies of visual habituation (Colombo et al.. 1987). Each of these
was adapted for the present haptic infant-controlled procedure. These measures are listed
and defined below. They were calculated only for the measure of haptic manipulation.
since this was the measure driving the infant-controlled procedure. Haptic manipulation
was defined as all forms of manual contact with the stimuli.

a) Number of trials to baseline. This index was used to assess the number of trials infants

required to meet the 20 second criterion of haptic manipulation of the first texture.

b) Number of trials to habituation. In studies of visual habituation, the number ot looks

to the stimulus during the habituation phase has been used as one index of the speed or

rate of habituation (Colombo et al.. 1987; McCall, Kennedy, & Dodds, 1977; Ritz,
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Woodruft, & Fagen. 1984). [n the present study, the number of trials to habituation
provided an index of processing patterns and speed within the haptic modality. [t was
defined as the number of trials to meet the habituation criterion of two consecutive trials
each at 50% of the baseline mean.

¢) Magnitude of habituation. This index was also adapted from studies of visual

habituation (Colombo et al.. 1987) and was calculated by the formula

oaiz- mcrm where M 12 is the mean duration of the longest 2 first haptic
NTRIALS

manipulations (i.e.. the baseline mean), MCRIT is the mean duration of the two criterion
manipulations. and NTRIALS is the number of trials to reach the habituation criterion.
A larger ratio indicates a greater magnitude of habituation. That is. it is a ratio of the
discrepancy between the mean haptic manipulation on baseline relative to criterion trials.,
to the number of trials required to reach the habituation criterion. Given a certain
discrepancy. the magnitude index would be larger when the denominator is small (in the
case of a small number of trials to habituation). relative to when the denominator is large
(in the case of a greater number of trials to habituation). Similarly it the number ot trials
is constant. the magnitude index is larger when the discrepancy is large. relative to when
it is small. Thus, a greater magnitude of habituation represents a quicker and sharper
decline from bascline levels to the habituation criterion.

2. Dishabituation Indices. Similar to the habituation indices. dishabituation

measures are considered critical variables of interest in studies of visual habituation
(Colombo et al., 1987). The Novelty Dishabituation index defined below was adapted for
the present haptic infant-controlled procedure. In addition, the dishabituation of the
controls during the DHAB trials was also assessed. These two measures of
dishabituation were calculated only for the measure of haptic manipulation, since this was
the measure driving the infant-controlled procedure.

a) Novelty Dishabituation Index. This dishabituation index was similarly adapted trom
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studies of visual habituation (Colombo et al.. 1987) and was used to evaluate the
magnitude of the response to the novel texture following habituation. The following
proportion was used to calculate the magnitude of dishabituation: MOV

(MNOV + MCRIT)
where MNOV is the mean duration of haptic manipulation over the three novel trials, and
MCRIT is the mean duration of haptic manipulation over the two criterion trials. This
was calculated for both experimental and control infants. A ratio of 0.5 reflects no
change between the mean haptic manipulation on the NOV phase and the mean on the
CRIT phase. A ratio less than 0.5 retlects a decrease in the mean on NOV relative to the
mean on CRIT. A ratio greater than 0.5 retlects an increase in the mean on NOV relative

to the mean on CRIT.

b) Control Dishabituation. The mean haptic manipulation (in seconds) displayed by the

control groups during their additional dishabituation trials (DHAB) was compared to their
mean levels of haptic manipulation during the RFAM phase. This comparison permitted
a control for fatigue eftects. and also served as a turther measure of haptic discrimination
for the control group subjects.

3. Haptic and Visual Dependent Measures. The total duration. in seconds per

trial. was coded and calculated for haptic manipulation. exploratory procedures. bimanual
manipulation. and for visual attention. The start and end of each trial were determined by
infants” haptic manipulation. Haptic manipulation was coded live, since this measure
determined infants’ habituation. The duration of haptic manipulation per trial was
therefore obtained directly from the computer recordings of the testing. The onset and
offset times of each trial, as determined by haptic manipulation, served as the trial onset
and offset times during which all other measures were coded. The video records were
viewed two times at slow speed for the coding of all other measures during cach trial.
The video records were viewed once to code exploratory procedures and bimanual

manipulation, and once to code visual attention. A frame by frame analysis was used
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whereby onset and offset of each infant behaviour was recorded to the precise frame.
During coding. the volume on the video monitor was turned oft in order to reduce context
cues.

The haptic and visual dependent measures were based on behaviours that have
been reliably and consistently employed in past studies of infant haptic perception (e.g..
Bushnell et al.. 1992; Ruft. 1989: Stack. St.Germain & Zelazo. 1992; Stack & Tsonis.
1999). Haptic manipulation was detined as all forms of tactile contact with the stimuli.
The exploratory procedures consisted of the sum of stroking and scrumbling. Stroking
was defined and coded as any lateral movement of one or more fingers over any part of
the stimulus. Scrumbling was defined and coded as the alternate extension and tlexing of
one or more fingers on the stimulus. Bimanual manipulation was coded whenever infants
manipulated with both hands simultancously. Three measures of visual attention were
analyzed: total attention. direct attention. and fixation. First, total attention consisted of
the sum of attention to the cover. fixation towards the stimulus, and attention to the
experimenter. Attention to cover was coded when intants were looking towards the cover
(but not in the direction of the stimulus), regardless ot whether they were holding the
stimulus or not. Fixation toward stimulus (to be referred to as fixation) was coded when
infants were looking directly at the stimulus that they were touching. Since the cover was
opaque, attention to the cover and fixation were distinguished on the basis of whether the
stimulus was in the infant’s line of vision (should the cover have been transparent). [f the
stimulus was not in the infant’s line of vision then attention to the cover was coded.
However, if the stimulus was in the infant’s line of vision and they were simultancously
holding the stimulus, fixation was coded. When the infant lost contact with the stimulus
while fixating towards it, but continued to look in the same direction, then fixation was
coded until the stimulus was again in contact with the infant’s hand at another location

underneath the cover. Attention to the experimenter was defined as looking at the
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experimenter's upper torso and face. Direct attention. a term used to reflect attention to
the experimental situation, was defined as the sum of attention towards the experimenter
and tixation towards the stimulus. All of the aforementioned haptic and visual
behaviours have been shown to be reliable and valid indicators of exploration and
processing (Bushnell et al.. 1992; Bushnell & Weinberger. 1987: Stack & Tsonis. 1999.
Streri, 1987; Streri & Spelke. 1988). Detailed descriptions of the dependent variables and
how they were coded are found in Appendix D.

Inter-rater reliability was assessed by blind observers for 21% of the records upon
completion of the coding. Since haptic manipulation determined the duration of each
trial. reliability for haptic manipulation was obtained by assessing the correspondence
between onset and offset times for each trial as indicated on the computer records of the
live coding. with the onset and oftset times for each trial as obtained on the video records.
This permitted simultancous assessment of the reliability of the live coding. as well as the
reliability for haptic manipulation. The kappa coetticient for haptic manipulation was
.90. The kappa coetticients for exploratory procedures and bimanual manipulation were
.86. and 1. respectively. The kappa coetticients tor the attention measures were also high
(r. =.89 tor total attention: r, = .92 for direct attention: r, = .92 for attention to

experimenter; r, = .85 for attention to the cover: and r, = .92 tor fixation).
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Results

Analyses were conducted on the data using the BMDP statistical package (Dixon,
Brown, Engelman, & Jennings. 1990). Descriptive statistics were conducted on each
dependent variable to screen the data for outliers and for significant non-normality.
Where outliers were present, their influence was reduced by assigning the outlier a value
that was one unit larger or smaller than the next most extreme score in the distribution
(Tabachnick & Fidell. 1996). In the event of significant non-normality. that is significant
skewness and kurtosis. the application of transformations was carefully considered before
appropriate transformations were applied to normalize the data (Tabachnick & Fidell.
1996). First. the nature of the dependent measure was considered since some measures
were not normally distributed by nature. Second. the etliciency with which cach
transformation corrected the level of skewness and kurtosis was considered. Third. the
impact of transformations on the results trom the analyses was assessed by comparing the
results from the analyses conducted on transtormed data with the results of analyses
conducted without transtormations. In general. the appliced transtormations corrected for
non-normality in the present data set. However, they either did not change the results
obtained without transformations. or they reduced the number of significant effects.
Transformations did not lead to a greater number of eftects. Thus, transtformations were
applied in appropriate situations to correct for non-normality, consistent with the
guidelines provided by Tabachnick and Fidell (1996). When transformations were
applied they are indicated in the text. For ease of comprehension, when data were
transtormed. raw means are presented in the text. However, when transtormations were
conducted, the F-scores and p-values cited in the text are taken trom the analyses on the
transformed data, as these were the values on which the effects were identified and on
which interpretations were based.

Following descriptive analyses, statistical analyses were conducted on each
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measure. Each of the habituation indices (i.¢., number of trials to baseline. number of
trials to habituation and magnitude of habituation) and the Novelty dishabituation index
were analyzed with between ANOVAGS, as a function of Age. Group, Sex and Order.
[nteraction comparisons were conducted to isolate the source of any three-way or higher
order interactions (Keppel. 1991). Simple eftects were conducted to isolate the source of
any two-way interactions (Keppel, 1991). The control dishabituation data were analyzed
with a directional. one-tailed t-test. A critical alpha level of 0.05 was used as the criterion
for statistical significance for these analyses.

Repeated measures ANOVAs were conducted on the behavioural dependent
measures (i.c.. haptic manipulation. exploratory procedures, bimanual manipulation. and
cach of the visual attention measures) since these were analyzed as a tunction of the four
between variables and one within variable. The four between variables were: Age (3-, 6-
months). Group (experimental, control), Order (SRS/SSS. RSR/RRR) and Sex (male,
female). The within variable consisted of Phase (BHAB. CRIT. NOV. RFAM). Any
potential Sex and Order eftects or interactions were tested for each variable. It no Sex
and Order main effects or interactions were found. these variables were collapsed and a
2 x 2 x 4 between-within ANOVA was conducted with the between tactors of Age and
Group and the within factor of Phase. However. in the event of any threce-way or higher
order interactions of the between group variables. analyses of the simple interactions of
two factors at cach level of the third were conducted. In turn, any significant simple two-
way interactions were followed by simple effects analyses (Keppel. 1991). Significant
interactions of between-within tactors were followed by simple eftects analyses (Keppel,
1991). Any Phase main eftects were tollowed by Tukey Highly Significant Ditterence
comparisons, since Phase was the only factor with more than 2 levels (Keppel. 1991;
Tabachnick & Fidell, 1996). A critical alpha level of 0.05 was used as the criterion for

statistical significance, and the more conservative Greenhouse-Geisser Adjusted F score
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and p value were used to assess significance for all within-subject effects.

The results of statistical analyses for the habituation indices are presented first,
since they address the first goal of Study | to examine haptic habituation patterns.
Subsequently. the results of the haptic measures (i.e., novelty dishabituation index. haptic
manipulation. exploratory procedures, and bimanual manipulation). pertaining to the
second objective and hypotheses regarding haptic measures of texture discrimination and
recognition abilities, are presented. The results for the visual attention measures follow.
For descriptive purposes. the raw data tor all measures as a tunction of the primary
factors (i.e.. Age. Group, Order. and Phase) are also available at the end of each appendix
containing the ANOVA and follow-up summary tables for cach measure. The raw data
are presented as a function of Sex of infant only tf there was a significant main effect or
interaction involving this factor. Similarly. the raw data are presented as a tfunction of
Phase only if the statistical analyses were conducted with this tactor.

Trials to Baseline. An inverse transtormation was applied to the measure of trials

to baseline. A between ANOVA vielded a marginal main effect for Sex. E(1.46) = 4.23.
p=.05 (Appendix E. Table E1). with males requiring a greater number of trials (M = 3.33)
than temales (M = 2.38 trials) to reach the baseline minimum ot 20 scconds of haptic
manipulation with the HAB texture.

Trials to Habituation. [nfants took an average of 4.89 trials during the BHAB

phase and a grand mean ot 6.89 trials to reach the habituation criterion. A between
ANOVA revealed main effects for Order, F(1,40) = 13.65, p<.001, and Sex, F(1.40) =
6.43. p<.05, and an Age x Order x Sex interaction F(1.40) = 7.98, p<.0l (Appendix E,
Table E2). The Order main effect indicated that infants habituated faster, within fewer
trials, to the rough texture (M = 5.84) relative to the smooth texture (M = 7.96). I[n order
to assess the source of the three-way Age x Order x Sex interaction, the simple two-way

interactions of the Age and Order variables were assessed at each level of the Sex
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variable (Keppel. 1991). The Age x Order interaction was significant for females,
E(1.40) =9.44, p<.001. but not for males (Table E3). Simple eftects analyses indicated
only an Order difference among males (Table E3). The males in the RSR/RRR order
habituated faster (M = 6.17 trials) relative to males in the SRS/SSS order (M = 9.08
trials). Simple effects on the significant Age x Order interaction for females were
conducted (Table E4). As indicated in Table 2. the 6-month-old females habituated faster
(M = 5.00 trials) than the 3-month-old females (M = 8.66 trials) when habituating to the
smooth texture (Order SRS/SSS) F(1.40) = 10.16. p<.001. However. the 3- and 6-month-
old females habituated within a similar number of trials (Ms = 4.83 and 6.16. for each age
respectively) to the rough texture (Order RSR/RRR). The 3- and 6-month-old males did
not differ from each other when habituating to the smooth or the rough texture.

Magnitude of Habituation. A between ANOVA with a square root transtormation

indicated an Order main eftect F(1.46) = 11.38. p<.001 (Appendix E, Table ES). Infants
habituating to the rough texture (i.c.. order RSR/RRR) displayed a greater magnitude of
habituation (M = 3.51) relative to infants habituating to the smooth texture (i.c.. order
SRS/SSS: M =1.75).

Haptic Manipulation. A mixed ANOVA on the total duration (in seconds) of

haptic manipulation indicated Group and Phase main effects. [F(1.46) = 17.14. p<.001.
and F(3.138) = 176.16, p<.001, respectively]. These main effects were qualified by a
Phase x Group interaction F(3,138) = 6.67, p<.001 (Appendix F, Table FI). Simple
effects analyses revealed significant group differences at the NOV and RFAM phases,
F(1.46) = 34.76, p<.001 and F(1.46) = 8.60. p=.01. respectively (Table F2). As indicated
in Figure 1, experimental and control groups did not ditter during the BHAB and CRIT
phases. [nfants accumulated a grand mean ot 65.35 seconds of haptic manipulation
during the BHAB phase. and an additional mean ot 9.07 seconds during the CRIT phase,

bringing the grand mean duration of haptic manipulation in the HAB phase to 74.42
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Table 2

Mean Number of Trials to Habituation as a function of Age. Order and Sex, Study 1

Order Age
3-month-olds 6-month-olds
Sex M M Marginal Ms

SRS/SSS Male 8.33(0.92) 9.83 (1.35) 9.08 (1.14)
Female 8.60 (0.88) 5.00(0.26) 6.83 (0.57)

RSR/RRR Male 6.17 (0.60) 6.16 (0.83) 6.17 (0.72)
Female 4.83 (0.34) 6.16 (0.65) 5.50 (0.60)

Marginal Ms 6.99 (0.74) 6.79 (0.77) 6.89 (0.76)

Note. Values in parentheses represent standard errors.
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seconds. However. the experimental group infants displayed higher levels of haptic
manipulation relative to control group infants in both the NOV (Ms = 37.11 and 14.50.
respectively) and RFAM phase (Ms = 24.56 and 15.57. respectively). Simple comparison
analyses were conducted to test whether the levels of haptic manipulation diftered
between the NOV and RFAM phases for each of the experimental and control groups
(Table F3). The experimental group displayed significantly lower levels of haptic
manipulation in the RFAM phase (M = 24.56) relative to the NOV phase [M =37.11:
F(1.138) = 1 1.41. p <.01], whereas the control group’s levels ot haptic manipulation did
not difter between the NOV and RFAM phases (Ms = 14.50 and 15.57, respectively).
Novelty Dishabituation Index. A between ANOVA (Appendix F, Table F4)

indicated a Group main ettect F(1.46) = 14.60, p<.001. with the experimental group
displaying a greater magnitude of dishabituation (M = 0.69) relative to the control group
(M =0.53).

Control Dishabituation. In order to control for tatigue eftects as a possible tactor

tor the declining levels of haptic manipulation among the control group infants. the mean
duration of haptic manipulation across cither the two or four DHAB trials was compared
to the mean duration of haptic manipulation over the RFAM trials. A paired samples
directional t-test (comparing the mean haptic manipulation on RFAM to the DHAB trials)
indicated a significant difference t,; = -3.918. p<.001. Control group infants displayed a
significantly higher mean level of haptic manipulation during the DHAB trials (M = 9.64)
relative to during the three RFAM trials (M = 3.19).

Exploratory Procedures. A mixed ANOVA (Appendix F, Table F3) with a square

root transformation revealed significant Group and Phase main ettects [E(1.40) =511,
p<.03. and F(3.120) = 19.05. p<.001, respectively]. These main effects were qualified by
an Age x Group x Order interaction F(1.40) = 6.23, p<.05, a marginal Phase X Group

interaction F(3.120) = 2.76, p =.05. and a Phase x Age x Order interaction F(1,120) =
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3.94. p<.05.

The Age x Group x Order interaction was pursued with the simple interactions of
Age x Group were tested at each level of the third variable. Order (Table F6). There was
a significant Age x Group interaction at Order RSR/RRR. F(1.40) = 5.65. p <.05. but not
at Order SRS/SSS. Simple effects on the signiticant Age x Group interaction at Order
RSR/RRR yielded no significant eftects (Table F7). suggesting that the simple Age x
Group interaction at Order RSR/RRR was spurious. However, in the process of
conducting the simple interactions of Age x Group at each level of Order. a significant
Group main effect at order SRS/SSS was identitied F(1,40) = 7.80. p <.05. but not at
Order RSR/RRR (Table F6). As depicted in Table 3. experimental group infants
receiving the textures in the order of SRS (in the HAB. NOV. and RFAM phases.
respectively). displayed higher levels of exploratory procedures (M = 2.30) relative to the
corresponding control group receiving the textures in the order of SSS (M = 1.09). Since
the difterence between these two groups consisted of the texture obtained in the NOV
phase. it can be inferred that the novelty of the rough texture during NOV for the
experimental group elicited higher levels ot exploratory procedures. The novelty of the
smooth texture. for the experimental group in the order of RSR. did not lead to higher
levels of exploratory procedures relative to the corresponding RRR control group.
However, the experimental groups in Order SRS and Order RSR displayed similar levels
of exploratory procedures, as did the control groups in Order SSS and RRR (Table 3 &
Table F8 in Appendix F. for means and statistical analyses, respectively).

Given the Group main eftect at Order SRS/SSS, the original three-way Age x
Group x Order interaction was pursued in an alternative manner by looking at the two-
way interactions of Group x Order at each level of Age (Table F9). A significant Group x
Order interaction was revealed at the Age of 6-months. F(1.40) =8.69. p =01, but not at

3 months. There was only a Group main effect, F(1,40) = 4.93, p <05, at Age ot 3
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Table 3

Mean Duration of Exploratorv Procedures (in sec) as a Function of Group and Order,

Study 1
Group
Order Experimental Control Marginal Ms
SRS/SSS 2.30(0.83) 1.09 (0.36) 1.70 (0.60)
RSR/RRR 1.84 (0.76) 1.51 (0.69) 1.68 (0.73)
Marginal Ms 2.07 (0.80) .30 (0.53) 1.69 (0.67)

Note. Values in parentheses represent standard errors.
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months (Table F9). The Group effect at 3 months is represented in Table 4. The 3-
month-old experimental group displayed signiticantly higher levels of exploratory
procedures (M = 2.11) relative to the 3-month-old control group (M = 0.98). Given this
Group ditference as a function of Age, the simple effects of Age at Group were also
assessed (Table F11). As seen in Table 4, 3- and 6-month-old experimental group infants
did not differ in their levels of exploratory procedures (Ms = 2.11 & 2.02, for each age
respectively:; F(1.40) = 0.15. p =.70). Similarly. the 3- and 6-month-old control groups
did not difter in levels of exploratory procedures (Ms = 0.98 and 1.63. for cach age
respectively: F(1.40) = 0.70. p =.41). These results suggest that the 3-month-olds
responded to changes. or novelties. in texture over the phases with higher levels of’
exploratory procedures relative to when they did not experience any changes. and that
their levels of exploratory procedures were similar to those of the 6-month-olds.

A Group difterence was also identified at Age of six months, but it was qualitied
by Order. Follow-up simple eftects were conducted on the Group x Order interaction at
the Age of 6 months (Table F10). This eftect is represented in Table 3. and suggests that
6-month-olds. like 3-month-olds responded to changes. or novelties. in texture with
higher levels of exploratory procedures. but that their responses were more specific to the
particular novelties in texture. Six-month-old experimental group infants in the order
SRS engaged in higher levels of exploratory procedures (M = 2.75). relative to: 1) control
group infants obtaining the textures in the corresponding order SSS (M = 0.97). E(1.40) =
7.78. p <.01; and 2) experimental group infants in the RSR order (M = 1.29) F(1.40) =
5.78. p <.05. These tindings suggest that only the novelty of the rough texture led to
higher levels of exploratory procedures among 6-month-olds. The 6-month-old
experimentals in the order RSR did not differ from the 6-month-old controls in the
corresponding order of RRR. [n addition, the 6-month-old control groups in each order

displayed similar levels of exploratory procedures.
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Table 4

Mean Duration of Exploratory Procedures (in sec) as a Function of Age and Group.

Study |
Group
Age Experimental Control
3-months 2.11(0.74) 0.98 (0.28)
6-months 2.02(0.87) 1.63 (0.78)

Note. Values in parentheses represent standard errors.
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Table 5

Mean Duration of Exploratory Procedures (in sec) as a function of Age. Group. and

Order. Studv |

Age Order
SRS/SSS RSR/RRR

Group M M Marginal Ms

3 months Experimental 1.84 (0.68) 2.38 (0.79) 2.11(0.74)
Control 1.22 (0.24) 0.74 (0.31) 0.98 (0.28)

6 months Experimental 2.75(0.98) 1.29 (0.76) 2.02(0.87)
Control 0.97 (0.49) 2.28 (1.07) 1.63 (0.78)

Marginal Ms 1.70 (0.60) 1.67 (0.73) 1.69 (0.67)

Note. Values in parentheses represent standard errors.
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Although the Phase x Group interaction from the original ANOVA (Table F5)
was marginally significant, simple effects analyses (Table F12) were nonetheless
conducted given the importance of exploratory procedures to the perception of texture.
Simple effects analyses revealed significantly higher levels of exploratory procedures
during the NOV phase. F(1,46) = 9.03. p<.001. among the experimental group infants
(M=3.11) relative to control group infants (M = 1.09). This eftect is tllustrated in Figure
2. Simple comparison analyses were conducted to test whether the levels of exploratory
procedures differed between the NOV and RFAM phases for each of the experimental
and control groups (Table F13). The experimental group displayed significantly lower
levels of exploratory procedures in the RFAM phase (M = 1.77) relative to the NOV
phase [M =3.11: F(1.120) = 7.545. p <.01]. whereas the control group’s levels of
exploratory procedures did not ditter between these two phases (Ms =1.09 and 0.79 for
the NOV and RFAM phases. respectively).

Follow-up analyses on the final interaction of Phase x Age x Order were
conducted; the simple two-way Age x Order interaction was evaluated at cach level of
Phase. The results indicated that this interaction was not significant at any level of Phase
(Table F14). suggesting that the three-way Phase x Age x Order interaction was spurious.

Bimanual Manipulation. A mixed ANOVA with a square root transtormation was

conducted and results indicated a Phase main eftect E(3,141) =4.31, p =.01 (Appendix F,
Table F15). Overall, infants displayed low levels of bimanual contact. however, Tukey
HSD analyses (Table F16) revealed that they engaged in significantly higher levels of
bimanual exploration during the BHAB phase (M = 0.90) relative to the CRIT (M = 0.41)
and RFAM (M = 0.02) phases. However, levels of bimanual manipulation did not diftfer
between the BHAB and the NOV phase (M = 0.77), the latter being the only phase in
which one group. the experimental group, received a novel texture.

Total Attention. A mixed ANOVA resulted in Group E(1,46) = 13.40, p <.001,
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and Phase F(3.138) = 161.47. p<.001 main cffects. These were qualified by a Phase x
Group interaction F(3.138) = 5.15. p =.01 (Appendix G. Table G1). Simple eftects
(Table G2) revealed higher levels of total attention among experimental group intants
relative to control group infants during the NOV (Ms = 30.82 and 12.68. respectively:
E(1.46) = 21.53, p<.001) and RFAM phases (Ms = 18.35 and 10.83. respectively: [(1.46)
=9.40. p<.001). This effect is illustrated in Figure 3. Simple comparison analyses were
conducted to test whether the levels of total attention diftered between the NOV and
RFAM phases tor each of the experimental and control groups (Table G3). The
experimental group infants displayed significantly lower levels of total attention in the
RFAM phase (M = [8.35) relative to the NOV phase [M =30.82: F(1.138)=15.87.p
<.01]. whereas the control group’s levels of total attention did not ditfer between these
two phases (Ms =12.68 and 10.83 tor the NOV and RFAM phases. respectively).

Direct Attention. A mixed ANOVA on the summed duration of fixation and

search experimenter indicated a Phase main eftect F(3.141) = 73.65. p <2.001 (Appendix
G. Table G4). Tukey HSD comparisons (Table G3) revealed that intants engaged in
significantly higher levels of direct attention during the BHAB phase (M = 33.80) relative
to all other phases {CRIT M =4.42: NOV M = 12.16; and RFAM M = 8.98]. In addition.
infants displayed higher levels of direct attention in the NOV phase relative to the CRIT
phase.

Fixation. In contrast to the other measures, the total duration of fixation during
only the two baseline trials ot the BHAB phase was included in the analysis rather than
the total duration of fixation over all the BHAB trials. The low trequency of tixations
toward the stimulus, and the low duration of fixations led to high vartability across
infants during the BHARB trials; since infants varied in the number of BHAB trials (i.c.,
the number of trials betore the two CRIT trials), the sum duration of fixation over all the

BHAB trials varied extensively across intants. Thus, for the analyses of the measure of
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fixation. the total duration of fixation during the two bascline trials of the BHAB phase
were considered rather than the total duration of fixation over all the BHAB trials. This
equated the infants in terms of the opportunities (i.c.. the two baseline trials) they had to
display fixation during the BHAB phase. This also served to provide a better comparison
of tixation levels during this phase to the subsequent phases. i.e.. NOV and RFAM.during
which infants were already equated for opportunity for fixation since all infants received
three trials within each of these two test phases.

A mixed ANOVA with a square root transtormation was conducted. Significant
Group F(1.46) = 6.20. p<.05 and Phase F(3.138) = 4.14. p =.01 main effects were
obtained that were qualified by a Phase x Group interaction F(3.138) = 3.87. p <.05
(Appendix G. Table G6). Simple eftects (Table G7) revealed higher levels of tixation
among experimental group infants relative to control group infants during the NOV phase
(Ms = 1.77 and 0.03. respectively: F(1.46) = 28.09. p<.001). This eftect is represented in
Figure 4. While the experimental group appears to have responded to the novelty in
texture with higher levels of tixation. relative to controls. in the NOV phase. the levels of
fixation among both groups were low. Simple comparison analyses were conducted to
test whether the levels of fixation diftered between the NOV and RFAM phases for each
of the experimental and control groups (Table G8). Experimental group infants
maintained the level of fixation observed in the NOV phase in the REAM phase
(M = 1.77 in each phase). The control group’s levels of tixation also did not difter
between the NOV and RFAM phases (Ms = 0.05 and 0.60, for cach phase respectively).
The slight, nonsignificant. increase in the control group’s levels of tixation in the RFAM
phase relative to the NOV phase. and the overall low levels of fixation may have

contributed to the lack ot a group difterence in the RFAM phase.
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Discussion

The main purpose of Study | was to contribute to the understanding of infants’
haptic processing of texture during the first half-year of life. An infant-controlled HAB-
NOV-RFAM procedure was employed to assess 3- and 6-month-old infants’ processing
and discrimination of texture. There were three objectives specific to Study 1. The first
objective was to examine infants” information processing patterns during haptic
habituation to texture. The second objective was to examine infants” haptic
discrimination and recognition of texture. The third objective was to assess
developmental differences in habituation. discrimination. recognition memory.
exploratory procedures, as well as in visual attention during a haptic task. The results
from Study 1 are discussed with reterence to each of these objectives and the hypotheses
proposed within each.

The first objective was to examine infants™ haptic perception and processing of
iexture information. The infant-controlled habituation procedure proved to be a rich
observational window into intants” patterns of responding and information processing
speed during haptic habituation to texture stimuli. An examination of the results for the
measures of trials to baseline. trials to habituation. and levels of active manipulation
during the HAB phase suggests that infants were responsive to the nonvisible texture
stimuli. Intants did not require the 16 trials to meet the baseline criterion nor the
additional 16 trials to reach the habituation criterion. Instead they met the baseline
criterion in approximately 3 trials, and then met the habituation criterion within the
subsequent 4 trials, which resulted in a mean of 6.89 trials to habituation. The absolute
time spent haptically manipulating the textures during the BHAB and CRIT phases also
provided information regarding the rate of haptic information processing of texture
stimuli. Infants accumulated a mean of 74.42 seconds of haptic manipulation over the

entire HAB phase. These results point to infants’ responsivity to nonvisible haptic
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stimuli over trials. and suggest that infants need on average over one minute of haptic
manipulation before habituating to texture information during the tirst half-year of life.
The required total manipulation time prior to habituation observed in the present infant-
controlled procedure was slightly longer than the tixed 30 or 60 seconds typically allotted
to infants at 6 months to 12 months of age, in past studies of haptic perception of shape
(Gottfried et al, 1977; Rose et al., 1981a,b) and of texture (Stack & Tsonis. 1999). Itis
also longer than the 235 seconds of familiarization permitted in one study assessing texture
perception among 3-month-olds (Bushnell et al.. 1996). Studies of shape perception
which have employed infant-controlled procedures with infants during the first half-year
of life have also documented that infants haptically explore for more than 60 seconds
before meeting habituation criteria. Streri’s studies of shape perception with infants from
2-to 3-months to 3 months documented that infants accumulated 88 to 91 seconds of
haptic exploration to habituation criterion (Streri. 1987: Streri & Pécheux. 1986a.b). The
present findings provide support tor the contention that the use of tixed trials procedures
pose methodological limitations towards the understanding of infants™ processing of
texture among infants both under and over 6 months of age. and underscore the value of
the infant-controlled habituation procedure in understanding haptic processing.
Furthermore. the present findings suggest that intants during the tirst half-year of
life may process texture information faster (i.c., in approximately 74 seconds) than shape
information (i.c.. closer to 90 seconds as observed in Steri’s studies). This comparison
supports the notion that haptics is tailored for the perception and processing of specific
stimulus properties and that such specificity may be evident very early in life.
Furthermore, this qualitatively observed difference across studies of haptic texture and
shape perception supports the contention that the choice of stimulus property for
investigation may influence interpretations regarding haptic speed of processing.

However, studies employing infant-controlled habituation procedures and directly
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comparing haptic processing speed, or time to habituation, for texture relative to shape
stimuli are necessary in order for any firm conclusions to be made regarding faster haptic
speed of processing of texture relative to shape.

The habituation indices were also valuable in assessing haptic habituation patterns
and processing speed. but the hypotheses regarding the habituation indices were only
partially supported. The literature on visual and auditory information processing has
documented a positive correlation between age and more efficient speed of processing
(Rose & Tamis-LeMonda, 1999). It was expected that this relationship would also hold
true for haptics: six month-olds were expected to be more efticient processors of texture
information relative to 3-month-olds. This efficiency was expected to be observed in the
habituation measures that served as haptic analogues of visual and auditory measures of’
speed of processing. That is. 6-month-olds. relative to 3-month-olds, were expected to
meet the baseline and habituation criteria within fewer trials, to display a greater
magnitude of habituation. and require less accumulated haptic manipulation before
reaching habituation.

The hypothesis of more etficient processing among 6-month-olds was supported
only on the measure of trials to habituation. and only partially. That is. the 6-month-old
females habituated faster, within significantly tewer trials, than the 3-month-old females
but only when habituated with the smooth texture. This suggests an increase in the speed
of processing among females but not males. However. conclusions regarding such sex
ditterences in development are guarded for two reasons. First. only one other marginal
sex difterence was observed in Study |; female intants met the baseline criterion within
somewhat fewer trials relative to the males. Thus, replication of sex effects are required
for any firm conclusions to be drawn. Second, the data indicate that the nature of the
texture, either rough or smooth, played a greater role, relative to sex, in influencing

infants” trials to habituation. An age difference was not observed among temales
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habituated to the rough texture. In fact. the results indicated that among infants
habituated to the rough texture. 3-month-old males and females were just as fast
processors (i.c.. habituated within a similar number of trials) as their 6-month-old
counterparts. Moreover. the order main effect suggests that. overall. infants habituated
significantly faster. within fewer trials, to the rough relaive to the smooth texture.

The number of trials to habituation is one of many indices in visual attention
research that is thought to reflect the rate at which infants habituate; the fewer number of
looks needed to reach the criterion. the taster the rate of habituation (Columbo. 1993). In
the present study. infants presented with the rough texture reached the habituation
criterion faster, within fewer trials of haptic manipulation. While this might suggest
faster processing of the rough texture, the results of the measure of duration of haptic
manipulation suggested that infants manipulated both textures for the same amount of’
time to habituation. Thus. one possible explanation for fewer trials to habituation to the
rough texture is that infants” prior experiences and knowledge may have intluenced their
habituation patterns. That is. since infants are generally more familiar with smooth
textures in their everyday experiences. their inexperience with rough textures made the
rough texture more salient to them. In turn, they reached the habituation criterion faster.
within fewer trials. This explanation implics that the rough texture was especially salient
for intants, even the 3-month-olds. The results also point to the 3-month-olds’ haptic
sensitivity to the rough texture, in that they did not difter from 6-month-olds in the
number of trials to habituation, nor in total haptic manipulation to habituation. However,
in response to the familiar texture, the 6-month-old females may have been be a little
faster than the 3-month-olds. Overall, the data from the trials to habituation measure
indicate a sensitivity, at both ages, to the nature of the texture stimulus being haptically
explored. That is, while infants haptically manipulated both textures equally, they

accumulated this haptic manipulation within a ditferent amount of trials depending on the
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texture to which they were being habituated. These findings highlight the importance of
using multiple measures of habituation in understanding how infants haptically perceive
and process information.

The results from the measure of magnitude of habituation also support a ditterent
sensitivity and response to the two textures during the HAB phase. All infants habituated
to the rough texture displayed a greater magnitude of habituation, or a sharper decline in
levels ot manipulation on criterion trials relative to baseline trials, compared to infants
habituated to the smooth texture. Thus, the pattern of infants™ haptic manipulation over
trials to habituation appears to be have been driven more by the nature of the texture (i.c..
rough and relatively more novel. or smooth and relatively more familiar) than by sex or
age. The results for magnitude of habituation in conjunction with the trials to habituation
support two patterns of habituation as a function of texture. In response to the rough
texture. infants appeared to habituate within fewer trials, but also displayed a greater
discrepancy in haptic manipulation levels between baseline and criterion trials. Thus, the
first pattern, observed among infants familiarized with the rough texture, appears to
consist of high levels of contact on baseline trials. followed by a sharp decrease in levels
of manipulation on the two CRIT trials. This sharp decrease to habituation criterion
when exposed to the rough texture also occurred relatively more quickly. (i.c.. in fewer
trials). relative to the smooth texture. The second pattern, observed among infants
familiarized with the smooth texture. appears to consist of relatively lower levels of
manipulation on the baseline trials, followed by a less sharp decrease on the two CRIT
trials, and a slower progression, (i.¢., more trials), to habituation criterion. Furthermore,
the lack of an age difterence on this measure suggests that both 3-and 6-month-olds
responded similarly to each texture. These findings are consistent with the theory and
research supporting that haptic exploration differs according to the nature of the haptic

stimulus, and that infants’ haptic exploration is guided by features salient to haptics

102



(Bushnell et al.. 1992; Bushnell & Weinberger, 1987; Rochat & Senders. 1991 Ruft.
1989).

[nterestingly. while the magnitude of habituation and the number of trials to
habituation diftered as a tunction of texture, the total amount of time spent haptically
manipulating the textures until habituation did not. That is, infants haptically
manipulated the smooth and rough textures for an equal amount of time over the HAB
phase (all of the BHAB and the CRIT trials). It appears that while infants engaged in
different patterns of exploration depending on whether they were exploring the smooth or
the rough texture. they nonetheless required and acquired the same amount of experience
with each texture before habituating. Moreover. there were no age differences in the total
amount of haptic manipulation required to reach habituation. These findings are
consistent with the intramodal, intant-controlled habituation. studies of shape perception
indicating that. unlike with visual exploration, there was no decrease in haptic exploration
time over the first half-year of life (Streri, 1987: Steri & Pécheux. 1986a.b). These
findings are also consistent with Streri and Spelke’s (1988) findings that while 4-month-
old infants accumulated similar amounts of contact with both rigidly and independently
movable rings. they manipulated each difterently (i.c.. both hands moved at once when
exploring the rigid rings. while the hands tended to move in alternation when exploring
the rings that moved independently). Such findings are consistent with the notion that
haptic exploration may vary in accordance with the properties or information afforded by
objects (E.J. Gibson, 1969; E.J. Gibson & Spelke, 1983; J.J. Gibson, 1962; 1966).

While the habituation indices were informative regarding haptic information
processing patterns, and speed of processing of texture stimuli, the test for response to
novelty vielded a more direct assessment of the quality. or the nature of the information
processed, during the haptic HAB phase. This was the second objective of Study 1. It

was hypothesized that both 3- and 6-month-old infants would haptically process the
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nonvisible texture information during HAB and, since they were familiarized to the point
of habituation. both age groups would detect the discrepancy during the NOV phase, and
recognize the RFAM texture as being the original HAB texture. [t was expected that
discrimination and recognition memory would be displayed in the haptic measures of
haptic manipulation and exploratory procedures. In addition. response to novelty and
recognition memory were also expected to be observed in the visual attention measures.
The results for the haptic measures are presented first, followed by the results for visual
attention.

The discrimination and recognition hypotheses were both supported by the results
for haptic manipulation. Following similar responding between the experimental and
control groups in the BHAB and CRIT phases. the experimental group infants displayed
significantly higher levels of manipulation upon receiving a novel texture during the
NOV phase. relative to the control group infants who continued to be presented with the
same habituated-to texture. The haptic discrimination findings were also reflected in the
index of dishabituation, which measured the magnitude of the response during the NOV
phase relative to the criterion trials. The experimental group displayed a significantly
greater magnitude of dishabituation relative to the control group. This index substantiates
the marked change in haptic responding between the NOV and CRIT trials for the
experimental group infants. The response to novelty suggests that the experimental group
infants discriminated between the HAB and the NOV phase textures and implies that
infants processed the texture information sufticiently through haptic manipulation alone
during the HAB phase. Morcover, the response to novelty suggests the creation of some
representation or memory trace for the tamiliar texture and the mental comparison of the
representation of the familiar texture to the representation of the NOV texture. The same
processes of the formation of mental representations for texture information. and mental

comparisons may account for the control group’s significantly lower levels of haptic
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manipulation during the NOV phase. The lower responsivity of the controls suggests that
they recognized the texture during the first test phase (corresponding to the experimental
group NOV phase) as being the same texture as the HAB phase texture.

This difference in responding between experimental and control groups was also
observed in the RFAM phase. turther supporting discrimination abilities. but also
recognition memory abilities. Experimental group intants continued to display
significantly higher levels ot haptic manipulation during the RFAM phase (when re-
presented with the original HAB texture) relative to control group infants. This suggests
again that the experimental group detected the discrepancy in texture between the NOV
and the RFAM phases. However, the predicted significant decline in their levels of

ggests that they also recognized

=

haptic manipulation from the NOV to the RFAM phase su
the RFAM texture as being the original HAB texture. Following detection of the change
in texture in the RFAM phase. infants may have recognized. (through the comparison of
mental representations). the RFAM texture as being the original HAB texture. This
recognition or memory for the original HAB texture may have resulted in lower levels of
haptic manipulation by experimental group infants on the RFAM phase. relative to the
NOV phase. In contrast. the control group displayed similarly low levels ot haptic
manipulation during the NOV and RFAM phases. The evidence for recognition memory
abilities suggests that infants formed a memory trace for the original texture and that this
memory trace remained in, and was accessed from. short-term memory even tollowing
experience with a novel texture (Bornstein et al., 1997; Zelazo. Kearsley & Stack. 1993).
A final piece of supporting evidence for the interpretation of discrimination and
recognition memory for texture information stems from the control group DHAB phase.
[n order to control for fatigue eftects as a possible factor accounting for the declining
levels of active manipulation among the control group infants, these infants were finally

presented with a novel texture, either the rough or the smooth. during the extra
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dishabituation (DHAB) trials which followed the RFAM phase. Their mean haptic
manipulation was significantly higher, nearly double. in the DHAB phase. relative to the
RFAM phase. This difference represents a response to novelty and as such provides
additional support for haptic discrimination of textures (Bornstein et al. 1997; Zelazo et
al., 1995). In addition. the higher levels of responding among controls during the DHAB
phase suggests that their carlier lower manipulation levels during the NOV and RFAM
test trials were not due to fatigue. Finally, the responstvity of infants in the control group
during the DHAB trials also provides additional support that the experimental group’s
lower levels of haptic manipulation in the RFAM phase. relative to the NOV phase, were
not due to fatigue. but rather to the recognition of the original texture.

Overall, the results for haptic manipulation suggest that texture information was
processed haptically. and that there are many parallels between haptic information
processing and information processing in the visual and auditory modalities. The
findings support the hypothesis that at both 3- and 6-months of age. infants process
texture information. and are capable of discriminating textures and stortng texture
information in short-term memory. The lack of age difterences suggests that the haptic
abilities of 3-month-olds may be quite well developed. at least tor the perception of
stimulus properties salient to the haptic system. The use of an infant-controlled
habituation procedure may have permitted observation of texture discrimination abilities
among both 3- and 6-month-olds. This is supported by a comparison of the present
findings to those of the Stack and Tsonis (1999) study in which 7-month-olds were
presented with a very similar texture discrimination task following a fixed
familiarization time of 30 seconds. The textures employed were selected in the same
manner, and were very similar to those used in Study 1. Although these infants were
older than the ones in the present study, experimental and control group ditferences were

not observed during the novelty test phase. Control group infants continued to show high
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levels of haptic manipulation of the familiar texture, suggesting that 30 seconds of
familiarization was insutficient for processing of the texture stimulus. [n contrast, clear
differences between infants in the experimental and control groups were observed in
Study 1, with younger infants, following the infant-controlled habituation phase. The
comparison of the Stack and Tsonis (1999) study with Study 1 suggests that
discrimination abilities can be attributed to the perception and processing of the texture
during HAB, and not to the texture discrimination task being relatively easy (since the
textures were selected from the extreme ends of the roughness ratings). The present
findings also suggest that indices of information processing. such as habituation patterns
and speed, response to novelty. and recognition memory. typically used with the visual
and auditory modalities can also be employed to understand information processing
within the haptic modality (Streri. 1993).

Response to novelty, or haptic discrimination of the textures, and recognition
memory abilities were also expected to be retlected in infants’ exploratory procedures.
A novelty response was obtained during the NOV phase; experimental group intants
engaged in higher levels of exploratory procedures during the NOV phase, relative to
control group infants. The response to novelty of experimental group infants
substantiated the hypothesis that infants. in response to haptic novelty, engaged in more
exploratory procedures. It is important to note however, that infants displayed overall
very low levels of exploratory procedures. For this reason, this and all other eftects
obtained for exploratory procedures must be interpreted with caution but it is nonetheless
noteworthy that this effect emerged despite the low levels. Furthermore. it is also
possible that higher levels of exploratory procedures during the NOV phase among
infants in the experimental group may have been due to longer NOV trials. That is. since
each trial was determined by infants” haptic manipulation, and experimental group infants

haptically manipulated for longer durations during the NOV phase they may have had, as
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a result. a greater opportunity to engage in more exploratory procedures. However. the
experimental and control groups did not differ in levels of exploratory procedures during
the RFAM phase, despite the difference in haptic manipulation. There was a significant
decline between the NOV and RFAM phase in levels of exploratory procedures by the
experimental group. While it is possible that the decline was due to recognition memory
for the original texture, this interpretation is precluded by the overall low levels of
exploratory procedures.

There was additional support that infants™ haptic perception and discrimination
abilities were reflected in exploratory procedures. for both 3- and 6-month-olds. First.
among 3-month-olds. the experimental group infants displayed higher levels of
exploratory procedures relative to the no-change control group. This difterence suggests
that even 3-month-olds responded to changes in texture with higher levels of exploratory
procedures. Second. greater specificity between exploratory procedures and texture
novelty was observed among the 6-month-old infants. Six-month-old experimental
infants displayed higher levels of exploratory procedures relative to controls. however,
higher levels of exploratory procedures were observed among the 6-month-old
experimental group infants receiving the textures in the order of SRS (in the HAB. NOV
and RFAM phases. respectively) relative to the 6-month-olds receiving the textures in the
order of RSR in the same phases. Since infants were habituated to the same criterion to
either the rough or smooth texture in the HAB phase, and diftered in the texture
experienced during the NOV phase, it is possible that higher levels of exploratory
procedures in the SRS order relative to the RSR were due to the experience of the rough
texture as the novel stimulus.

Further support for this interpretation is provided by a number ot other signiticant
findings. First, the SRS experimental group also displayed significantly higher levels of

exploratory procedures. relative to their SSS control group. These two groups differed
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only in their experience of the rough texture during the NOV phase. In contrast.
experimental and control group infants receiving the textures in the orders of RSR and
RRR. respectively. did not differ from each other. suggesting that the rough texture
elicited higher levels of exploratory procedures. Second, the overall response to novelty
observed on the measure of exploratory procedures discussed above (i.c.. more
exploratory procedures among experimental infants during the NOV phase relative to
control groups) also supports the interpretation that the novelty of the rough texture may
have led to higher levels of exploratory procedures among the 6-month-old experimental
SRS group relative to the experimental RSR group. Finally, these data are consistent
with the difterent patterns of responding during habituation indicating a greater salience
of the rough texture (i.c.. habituation within fewer trials. and a greater magnitude of
habituation to the rough texture) tor both 3- and 6-month-old infants. The question that
immediately tollows the interpretation that the novelty of the rough texture led to higher
levels of exploratory procedures is why the Group x Order interaction ettect for the 6-
month-olds was not observed to occur as a function of phase in the original ANOVA.

[t is possible that the low levels of exploratory procedures precluded the observation of
such a significant four-way interaction (Age X Group x Order x Phase).

The results indicating haptic texture discrimination abilities on the measures of
haptic manipulation and exploratory procedures are consistent with the theory and past
research supporting the early developing and organized perceptual abilities of the haptic
modality (E.J. Gibson & Spelke, 1983; Rochat & Senders. 1991). While levels of
exploratory procedures were low, compared to the substantially higher levels of haptic
manipulation, they appear to have been sufficient for the perception and processing of
texture; haptic discrimination abilities were reflected in infants’ exploratory procedures as
they were on their total levels of haptic manipulation. In addition. an increase in

exploratory procedures, in response to changes in textures over the phases. were observed
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both among 3- and 6-month-old infants, despite the limited motor skills and lack of
visual-prehensile coordination of the 3-month-olds. Moreover, the increase in
exploratory procedures was also observed to be even more specific to salient haptic
stimulation (i.e., the rough texture) among the 6-month-olds. These etfects were
observed within a unimodal context of haptic exploration, and out of the field of vision.
Thus, the present tindings challenge the long-standing view that visual control. or
guidance. is necessary (Hatwell. 1987: Heller, 1982) for the development of manual
exploration and haptic perception, at least in the case when the stimulus information is
salient for haptics (i.c.. texture). In fact, the present findings are consistent with Streri’s
(1987) observations of 2- to 3-month-old infants” manipulations during an infant-
controlled haptic study documenting discrimination ot shape: she reported that intants’
exploration was limited to handling the objects and they did not display any real degree
of motor movement. Infants™ handling was observed to be quite precise and consisted of
finger pressure. opening and closing of the hand. and sliding the thumb or all the fingers
over the surtace. In the present study only stroking and scrumbling were coded as
exploratory procedures. since this type of handling has been proposed to be necessary for
the perception of texture. However. the high levels of haptic manipulation suggest that
infants were engaging in handling of the textures that provided sutticient information for
the perception and processing of texture despite, as in Streri’s (1987) study, limited motor
skills. limited visual-prehensile coordination, and the absence of visual guidance.

The final haptic measure analyzed consisted of bimanual exploration, which
revealed that infants displayed higher levels ot bimanual exploration during the BHAB
phase relative to the CRIT and RFAM phases. Since the BHAB phase consisted of more
triais and lasted longer in absolute time, relative to the other phases, this finding suggests
that with greater opportunity. infants are more likely to engage in bimanual exploration.

However, the amount of time spent in bimanual exploration during the BHAB phase did
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not differ from the amount of time spent in bimanual exploration during the NOV phase,
despite the fewer number of trials in the NOV phase. This suggests that the novelty in
textures. in addition to eliciting more haptic manipulation and exploratory procedures.
may have also elicited greater amounts of bimanual exploration. This interpretation is
guarded, however, since the levels of bimanual exploration across the phases were not
qualified by a group difference. which would be necessary to confirm that the novelty
experienced by infants in the experimental group contributed to the higher levels of
bimanual exploration during the NOV phase. It is possible that the very low levels of
bimanual exploration displayed during the haptic intramodal texture discrimination task
precluded the observation of a direct influence of novelty (as in a Phase x Group eftect)
on bimanual exploration.

[nterestingly. while the infant-controlled procedure was driven by intants™ haptic
responses to the textures. their discrimination abilities were also reflected on the visual
attention measures of total attention and fixation. The measure of total attention reflected
attention to all components of the experimental situation (i.e., looking towards the
experimenter. towards the cover. and in the direction of the texture being manipulated).
Experimental group infants displayed higher levels ot total attention during the NOV and
RFAM phases. relative to control group infants. However. the experimental group also
displayed lower levels of total attention during the RFAM phase relative to the NOV
phase, while the control group did not difter during these two phases. These findings
parallel the results obtained for total haptic manipulation suggesting discrimination
during the NOV phase and recognition of the original texture during the RFAM phase.
These tindings suggest that haptic discrimination and recognition of textures that were
only available to touch were retlected in infants’ total visual attention. The low duration
and frequency of fixations observed in the present study suggests that indeed visual-

motor coordination may be difficult even for the 6-month-old infants when haptic stimuli,
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and their hands, are not visible.

However. discrimination abilities were also reflected in infants™ fixations: infants
in the experimental group displayed higher levels of fixation during the NOV phase
relative to the control group. Remarkably. it appears that even when the textures were
not visible. the haptically perceived novelty in texture elicited higher levels of fixation.
That is. haptic novelty led to greater eye-hand coordination. Moreover, this eftect did not
differ as a function of age, highlighting the influence of haptically perceived information
on visual-motor coordination among infants as young as 3 months old. This is interesting
since very young infants. such as the 2- to 3-month-olds in Streri’s (1987) study, have not
been observed to bring a nonvisible object into view. nor display any attempts at
prehension when the object is visible. However, the present study suggests that when
infants are already handling an object. a perceived haptic novelty may elicit orienting the
eves towards the hand. This eftect resembles neonates” classic head orienting response to
auditory stimulation (Muir & Field. 1979).

Intants” total attention and ftixation in response to the haptic novelty in texture
suggest a guiding role tor haptics on visual exploration. These findings are consistent
with past studies suggesting that haptic information directs visual attention (Bushnell et
al.. 1989 in Bushnell & Boudreau. 1991: Bushnell et al.. 1983). but document this eftect
during the first half-year of lite. However, a guiding role of haptic stimulation on visual
behaviour (or exploration) is contrary to the prevalent view that vision guides haptic
perception. This effect also implies that haptic perception may actually have a role in the
development of eye-hand coordination. and supports a greater role for haptics than that
held by the Piagetian view that only the motoric component of haptic activity contributes
to perceptual learning.

When a more direct measure of attention was considered the results differed

slightly. The time spent looking at the cover was excluded in this measure. While
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looking at the cover could represent an immature attempt at fixation towards the object
infants were touching underneath the opaque cover, the significance of looking towards
the cover is unclear. When only direct attention to the experimental situation was
considered. i.e.. the looking towards the experimenter and fixation in the direction of the
stimulus. only a phase main effect was obtained; infants displayed higher levels of direct
attention during the BHAB phase relative to all other phases. This may simply retlect the
longer duration. and greater number of trials, of the BHAB phase. and therefore a greater
opportunity for direct attention relative to all other phases. While infants also spent more
time in direct looking during the NOV phase relative to the CRIT phase. this cannot be
attributed to the detection of any discrepancy in textures since this ettect was collapsed
over the groups.

The third and final objective of Study | was to assess developmental ditferences
in haptic pereeption of texture. Developmental hypotheses were made for the following
categories of abilities: a) habituation indices of haptic processing: b) discrimination and
recognition memory abilities; ¢) exploratory procedures and bimanual exploration: and
d) visual attention during haptic exploration. The hypothesis that more developed fine-
motor and visual-prehension abilities among 6 month-olds would lead to taster and more
etficient processing and discrimination abilities. relative to the 3 month-olds. was not
supported. First. the results of the information processing habituation indices did not
indicate developmental difterences in information processing rates or patterns. As
discussed. 3- and 6-month-olds met baseline and habituation criterion within a similar
number of trials. displayed a similar magnitude of habituation. and accumulated the same
amount of haptic manipulation until habituation. Moreover, the results indicated that
even 3-month-olds were responsive to the salience of the rough texture, and that the
rough texture elicited the same pattern of habituation (fewer number of trials to

habituation, but greater magnitude of habituation) among both age groups. The
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habituation indices results suggest that the haptic modality is as adept and efficient at
processing texture, and as responsive and sensitive to difterent textures, at 3-months as it
is at 6-months of age. Second. as expected. haptic texture discrimination and recognition
memory abilities were reflected in both 3- and 6- month-olds™ levels of haptic
manipulation. Similarly. both 3- and 6-month-olds displayed discrimination abilities,
during the NOV phase. in their exploratory procedures.

Third. the hypothesis regarding higher levels of exploratory procedures among 6-
month-olds was only partially supported. That is, while a main age ditterence was not
found in levels of exploratory procedures. the results indicated a greater specificity of 6-
month-olds” exploratory procedures tor the rough. relative to the smooth texture, when it
served as the novel stimulus.  That ts. 6-month-olds displayed higher levels of
exploratory procedures when the rough texture served as the novel texture. However, 3-
month-olds also displayed higher levels of exploratory procedures in response to any
novelty or change in texture (i.e.. when in either the SRS or the RSR experimental
group). relative to when they did not experience any changes. The results suggest that 3-
month-olds are responsive to novelty and engage in haptic exploratory procedures. but
that they were equally responsive to the novelty of both the smooth and rough textures.
Older infants may have acquired more experience and therefore were more discriminating
in their exploratory procedures, engaging in more exploratory procedures only with the
rough texture.

The lack of age differences in texture discriminations and recognition memory
abilities on the measures of haptic manipulation and exploratory procedures have many
implications. Novelty responses suggest that an adequate representation for haptically
perceived texture information was formed. and was compared to the novel texture
information, among 3-month-old infants (Bornstein & Tamis-LeMonda, 1994; Bornstein

et al.. 1997; Zelazo et al., 1995). While 3-month-olds™ finc-motor exploratory abilities
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may be limited, the present findings suggest that they may be sufficient for the
acquisition of texture information and for the perception of texture novelties. Contrary to
Piaget (1952). the novelty responses observed in this study suggest that infants” haptic
manipulation and exploratory procedures may be may be purposive rather than reflexive.
In turn, the results imply that the haptic exploration, despite motoric limitations. is an
important means of perceptual learning.

Finally. guarded hypotheses were proposed regarding infants’ visual attention. As
predicted. discrimination and recognition abilities were reflected on total attention
responses at both ages. despite difterences in attentional resources and visual-prehensile
coordination. and despite the occlusion of vision. While it was hypothesized that
discrimination abilities would be observed only in 6-month-olds’ fixations. given their
eye-hand coordination and visual-prehension abilities. this was also found to be true tor
3-month-olds. Thus, even in infants as young as 3-months-old, whose ¢ye-hand
coordination and visual-prehension abilities are just beginning to emerge. haptically
perceived novelties in texture were able to direct visual fixation towards the hands, even
when the hands were not visible. The retlection of haptic discrimination and recognition
memory abilities in 3- and 6-month-old infants’ visual attention and fixation. during a
task in which stimuli were not visible. suggests a certain level of integration and
coordination of the senses by 3 months. [t also suggests that haptic stimulation may
orient. or prime. infants” visual attention tor further information processing. and may
serve a role in the development of eye-hand coordination.

[n contrast to the findings for visual attention and fixation. and as predicted,
haptic novelty responses were not observed on the measure of bimanual exploration. [n
fact, the results indicated that bimanual exploration occurred equally infrequently for 6-
month-olds, as for 3-month-olds when stimuli were not visible, despite the more mature

eye-hand coordination and visual-prehension abilities at 6 months. This s consistent

115



with the present hypotheses and with past studies indicating very low levels of bimanual
manipulation in the dark (Bushnell et al.. 1992: Stack & Tsonis, 1999). The interesting
question is why haptic novelty influenced both 3-and 6-month-olds™ visual attention and
fixation towards a non-visible stimulus. but did not direct the second hand towards the
non-visible stimulus. As indicated in past developmental research and by the present
findings. infants need to see an object in order to direct one or both hands towards it.
However. the present findings suggest that even at 3-months, infants nced only to feel an
object in order to direct their eyes toward it. Thus. reaching to explore a visible object
may depend on sufticient coordination between vision and the motor component of
haptics. However, given the early functioning perceptual abilities of haptics. haptic
stimulation may facilitate the coordination of the eyes to the hand. and in turn permit
bimodal exploration. or the acquisition of visual information about the object in addition
to haptic information. Thus. aside from serving the acquisition of sensory knowledge.
haptic perception may also play a role in the coordination of the two sensory systems.

Taken together. the results from this study substantially contribute to the
understanding of very young infants’ haptic processing. discrimination. and recognition
memory abilitics. The tindings suggest that: 1) infants as young as 3 months old perceive
texture information. and can discriminate between textures on the sole basis ot haptic
information: 2) infants’ perception and discrimination of texture information can be
observed in more than one behavioural response system, namely in both their haptic
behaviors (i.e.. haptic manipulation and exploratory procedures) as well as in their total
attention and visual fixations; 3) infants’ haptic manipulation patterns during habituation
vary according to the nature and salience of specific textures: 4) at 6-months of age
infants’ exploratory procedures may also be more specifically elicited by certain novelties
or the salience of specific textures: 5) haptic detection of novel textures may prime or

orient infants’ visual attention. and play a role in eye-hand coordination by facilitating
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