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C hapter 1

Touch can provide information about the weight, compliance and temperature
of an object, as well as information about its surface features, such as how
smooth, bumpy, sticky or slippery it is, information that is not readily
available by merely looking at an object. Small objects that fit within two
hands are easier to explore than large objects. The perception of large objects
is highly sequential, which increases the load on working memory. It is a
process in which all the impressions of different parts of a large object have
to be integrated into one representation (Révesz, 1950). The quality of the
representation depends on the manual exploration as well as on the ability to
synthesize all these impressions (Hatwell, 2003).
An important characteristic of the above mentioned publications is that the
researchers often contrasted the information that can be gathered by tactual
perception to that of visual perception. According to Révesz (1950) the main
difference between vision and touch lies in the fact that vision is the realm
of simultaneity, while tactual perception is the realm of successivity. Since
most people have both vision and touch at their disposal, it is hard to study
the individual contributions of the two senses. Apart from the practical reason
to study touch in blind people, it is also interesting from a theoretical point
of view. Experiments with blindfolded sighted people cannot remove the fact
that vision and visual memory might have been helpful during the acquisition
of touch skills. To shed some light on the influence of vision versus touch, the
study of congenitally blind people might be helpful. Their tactual skills can
never have profited from visual experiences. So in sighted people the results
of studies on touch and tactual development show us always the effect of the
combination of sight and tactual development, whereas in congenitally blind
people the effect of tactual development alone can be examined. What we do
know is that sight is not necessary for all aspects of tactual development, since
blind people have been shown to be able to identify and discriminate objects by
touch alone (Ballesteros, Manga, & Reales, 1997; Heller & Ballesteros, 2006;
Millar, 1994, 2008).

1.4 The development of fine motor and tactual
functioning in blind children
This section gives an overview of what we know of the fine motor development
and touch in blind children. We start with new borns and describe the
development of their haptic skills until they are about eight years of age,
which is the age of the youngest participants in the current thesis.

16

G eneral Introduction

The work of Fraiberg (1977) and Fraiberg, Siegel and Gibson (1966), has
shown that reaching on sound cues in blind infants is delayed compared to
sighted infants, which was later confirmed by Bigelow (1986, 1992), Tröster
and Brambring (1993) and Fazzi, Lanners, Ferrarri-Ginevra, Achille, Luparia
et al., (2002). Warren (1994) pointed out that since only a few blind infants
have been studied, it is difficult to draw final conclusions on this matter.
However, it is generally believed that for blind babies it is important to
stimulate fine motor development by offering them auditory and tactile
stimuli together (Fazzi et al., 2002). Hart (1983) suggested that the delay in
reaching and grasping of blind infants has been caused by a motor problem.
Since, in general, blind children show resistance to lie in the prone position,
they do not train the large muscles in their backs. Moreover, coordination
and balance, which are prerequisites for reaching, is practiced more in the
prone position. Blind children prefer the supine position, because reaching for
objects is easier in this position. However, this way the child does not seem to
optimally strengthen the muscles of the shoulders, chest and arms.
In a review article, O’Donnell and Livingstone (1991) described blind infants as
less active during exploration than sighted children. As a result of the lack of
vision, blind children do not seem to get lured into action by their surroundings
and therefore lack the motivation to explore actively (Vink, 1994), especially
when they have not yet mastered object permanence and therefore do not know
that sounds must have a source that can be touched (Bigelow, 1986, 1992; Fazzi
et al., 2002). The only objects that trigger them to explore the environment are
the ones that can be touched within arms’ reach. Schellingerhout, Smitsman
and van Galen (1997) showed that from the age of eight months blind babies
use specific exploratory strategies, such as fingering and rubbing, to examine
textures. They have a wide range of strategies available to them and they
actively use these strategies and change them when they grow older in the
way that they showed increasing differentiation in hand movements during
tactual development (Schellingerhout et al., 1997), comparable with that of
sighted children as reported by Bushnell and Boudreau (1991).
Hatton, Bailey, Burchinai, and Ferrell (1997) found a developmental delay
of 14.6 months in motor development and in personal-social skills in 27
blind children that were tested repeatedly with the Battelle Developmental
Inventory. In Brambring’s longitudinal study of 10 blind children with the
Bielefeld Observation Scales they found a delay of 14.5 months in the manual
skills of blind children in comparison to sighted peers (Brambring, 1999).
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These studies suggest that in the first years of life blind children do develop
the same manual skills as sighted children, but with a serious delay.
An interesting question is whether this delay in manual skills disappears
over the years. Hatwell (2003) stated that blind infants as a result of the
visual deprivation are less attracted to explore objects and the environment,
and for this reason they develop motor and sensory skills much slower than
sighted infants. It was also claimed that their movements are less controlled
by vision. However, when children grow into adulthood this delay in manual
skills often disappears. Hatwell (2003) argues that for haptic perception the
relation between movements and the mental representation of these actions
is very important. The developing motor skills and sensory senses constitute
the basis for haptic perception. In a review study, Hatwell (1987) remarked
that congenitally blind children show a lower quality of manual perceptual
exploration than sighted children. Even some short visual experience might
be helpful since children who became blind at the age of two or three years
performed much better on haptic spatial tasks than congenitally blind children.
The explanation is that during the first stages of the motor development the
children with acquired blindness were able to guide their haptic coordination
visually.
A next question is how blind children perform in comparison to sighted
children on haptic exploration tasks. Millar (1974) conducted a “yes/no”
haptic recognition task of small nonsense shapes with congenitally blind and
blindfolded sighted children (mean age: 9 years and 10 months). The blind
children were faster, but somewhat less accurate. In a subsequent experiment,
Millar (1976) tested spatial representation in blind and blindfolded sighted
children (aged 6-11 years). Both groups performed equally well on a simple
recognition task in which they had to recognize the orientation of a vertical line.
In a second experiment, the sighted children outperformed their blind peers on
a more complex task on rotation and perspective; the degree of rotation affected
the performance of the blind children negatively and they also performed
poorer on the recall test than sighted children. Millar (2008) concluded that
the congenitally blind children executed several tasks differently than sighted
children, especially tasks where the locations of objects are important.
Blind children tended to locate objects body-centered, whereas sighted children
can use the more efficient allocentric location of the target; that is, they can
take into account the spatial position of objects relative to each other.
Simpkins (1979a) compared the results of blind and sighted children on a
shape recognition task. She found no differences in performance between the
two groups. However, school experience, and thus age, did affect the execution
18
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In a follow-up study, Lederman and Klatzky (1990) found that subjects
explored in two stages, first grasping and lifting the object, then executing
further exploratory procedures. The specific hand-movements, which follow
on the grasp/lift are provoked by the specific properties the participants are
searching for. The grasp/lift is a more general manual exploration to gather
coarse information about different dimensions. Furthermore, they found that
identification o f common objects happens in a fraction of a second and requires
only little tactual exploration (Klatzky & Lederman, 1995).
Most experiments concerning EPs were conducted with adults, but in 2005,
Klatzky, Lederman and Mankinen performed a study with preschool children
(mean age 4 years, 7 months). The children had to make judgments on tooi
properties of a spoon (size) and a stick (rigidity) based on the goal of the task
(transport and stirring). Children executed EPs that gave them relevant
information about the tooi (spoon and stick) and the objects, which they either
had to transport or to mix, They used vision as the preferable sense to judge
size and touch to judge rigidity. The data showed that the children used the
appropriate EPs to gather more specific information about the objects, which
they had to transport or stir. The EPs they performed to get specific information
on the properties ‘roughness’, ‘hardness’, ‘weight’, ‘size’ and ‘shape’ resembled
the EPs which adults executed.
Recently, Kalagher and Jones (2011), studied children aged 3, 4 and 5 years
old. They observed the hand movements of the children while they were
questioned about the shape, texture, rigidity or weight o f a sample object.
It turned out that children produced the same EPs as adults to examine the
specific object properties.
In summary, specific EPs seem to be extremely useful to extract domain
specific information from objects. In most of the aforementioned studies carried
out by Lederman and Klatzky the participants w ere sighted adults. Klatzky,
Lederman and Mankinen (2005), and also Kalagher and Jones (2011) studied
the hand movements and EPs of children. Both studies confirmed that when
searching for specific property information children can produce the same EPs
as adults. However, no study on the use of EPs to extract object properties was
carried out w ith blind participants, neither with adults nor with children.
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Abstract

The Tactual Profile assesses tactual functioning o f children with severe vis
impairments between 0 and 16 years o f age. The Tactual Profile consisti
430 items measuring tactile skills required for performing everyday tasks
home and in school. Items are graded according to age-leuel and divided
three domains: tactual sensory, tactual motor and tactual perceptual. \
development of the instrument is described and the psychometrie properi
that were studied reported. Most items had an acceptable difficulty h
and test-retest reliability proued to be good. The analyses for the constr
validity showed moderately high correlations between the Tactual Profile c
intelligence tests. These correlations were higher for the haptic performa
subtests than the verbal tests. High correlations with other haptic tests u
found. However these associations disappeared after factoring out intelliger
possibly because current methods for examining tactual functioning are stron
affected by intelligence. A summary o f work planned in further developmen
the procedure is provided.

2.1 Introduction
Until recently there has been no instrument available to assess ‘passi
and ‘active’ touch in children with blindness and severe visual impairmen
Passive touch is used to refer to the actions involved in being touched either
an object or by another person, and to touching an object without independt
exploratory and manipulative use of the skin. Active touch on the otl
hand, refers to touching, usually with the hands, which involves independc
exploratory and manipulative use of the skin and therefore stimulation
receptor systems in the muscles, tendons and joints (McLinden & McC;
2002).

For a number of reasons, it was feit that an assessment instrument in the ai
of both passive and active touch was required, to help find out how childi
who are blind collect information on school subjects and daily life skills throu
touch. Sometimes the loss of vision can be compensated by the olfactory
auditory senses. For some types of information however touch might be t
only sense that can be used to replace vision. However, the overview obtair
from a glance when using sight, is achieved in a different way from the c
gathered by touch. As a result, subjects, including for example, visual spat
relationships, object recognition, and analysing graphs in mathematics, v
need to be taught in a different way to children with severe visual impairmei
than to children with normal sight. To teach the correct tactile skills to th<
children so that they can function as independently as possible at home a
at school, it is necessary to know what prerequisites there are at school and
their everyday tasks, (Gibson, 1966; Hatwell, 1978; Katz, 1989; Heller, 19!
Warren & Rossano, 1991).

To help the teachers support children in undertaking these tasks The Tacti
Profile (TP) was developed. The TP was conceived as an instrument
charting tactual functioning, and was constructed to assess the tactile ski
relevant for everyday tasks at home and in the school. The term ‘tactu
was used to refer to the perceptual information processing system tl
uses input embedded in the skin, as well as in muscles, tendons and join
This included the exploratory actions of manipulating objects (McLinden
McCall, 2002). Tactual perception and functioning in ‘near space’, (i.e. at arr
length), is viewed therefore in a broader sense than reading a tactile code
understanding geographical maps or raised line pictures.
The interest in charting tactual functioning of children with visual impairmei
was stimulated by educational developments in the 1980s and 90s.
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2.2 Methods
2.2.1 Participants
All the institutes and schools for the visually impaired in the Netherlands
and Flanders were willing to participate. The inclusion criteria were: visual
acuity < 5/100 from birth; attending mainstream education; between 0 and
16 years of age; understanding of the Dutch language; and no additional
impairments. Based on school records the potential sample of participants
consisted of exactly 100 children. All these children were contacted, and 55
children (response rate 55%) participated. The group consisted of 27 boys and
28 girls. The distribution of age levels is shown in Table 2.2 It was not possible
to gather information about the non-respondents.
Table 2.2 P a rticip an ts
Age-level

Boysn

Girls n

Total per age n

Mean Agelevel (months) Some residua) vision (n)

| A (0-2 year)

3

3

6

16

3

B (2-4 year)

5

10

15

36

8

C (4-6 year)

12

57

3
2

6

6

D (6-9 year)

5

1

6

93

E (9-12 year)

3

6

9

124

6

F (12-16 year)

4

3

7

161

3

26

29

55

81

25

Total

2.2.2 Procedure
Three administrators, who had some experience with TP, performed the
examinations. They received extra training in order to achieve standardization
on presentation and scoring of all items. The procedural reliability was
ensured by organizing regular meetings with the administrators to discuss
and check administration and scoring of the TP. All analyses were performed
according to classical test theory, which considers observed test scores as a
combination of true scores and error (see e.g. McDonald, 1999; Nunnally &
Bernstein, 2000).
The items in TP were divided over six age-levels. Normally, each child would
receive the items belonging to his or her age level. To study the possibility
that items were placed in the wrong age-group, each child was given the
items belonging to his or her own age-group, but also items belonging to the
preceding and succeeding age group.
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This way it was possible to compute three difficulty-levels for each item:
1

difficulty level young, (p-young)

2

difficulty level, (p)

3

difficulty level old, (p-old)

To assess the stability of the psychological constructs underlying TP,
a test - retest reliability coëfficiënt was calculated. Therefore, all participants
received two administrations of TP by the same administrator, within a twoweek interval after the first administration.
Construct validity was determined by calculating the correlation of the TP
with tests that measured comparable constructs (convergent validity) as well
as tests that measured (partly) different constructs (divergent validity).
Developmental and intelligence tests were administered to determine divergent
validity. The hypothesis was that the TP would correlate only moderately
with intelligence. If the TP measures something other than intelligence then
it is to be expected that verbal intelligence will correlate moderately with
the instrument. However, since the TP used manual problem solving tasks
it might also be expected that performal intelligence will correlate better
with TP than verbal intelligence. All children were given a developmental or
intelligence test. Because there was not a single intelligence test available for
the age range under study, three tests were chosen:
The Reynell-Zinkin developmental scales: 0-4 years (Reynell, 1979; Reynell &
Zinkin, 1975). The Dutch age norms were used and since a study with Dutch
children showed that the reliability of the scales is highest for children aged
between 1,5 and 4 years the scales were not administered to the five year
old children. (Vervloed, Hamers, Van Mens-Weisz, & Timmer-Van de Vosse,
2000).
The verbal tests o f the WPPSI: 4-6 years. It was not possible to administer
the non-verbal tests, because they were not adapted for children with visual
impairments.
The ITVIC: 6-16 years, an intelligence test for blind children (Dekker,
1987, 1993; Dekker, Drenth, & Zaal, 1991; Dekker & Koole, 1992). The full
procedures consists of 13 subtests . The shortened version used in this study,
included the scales: Perception of figures, Block Design, Exclusion of figures,
Map questions, Verbal analogies, and Vocabulary.
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Tests that measure aspects of tactual functioning were administered to
measure convergent validity. The authors hypothesized that the TP should
correlate highly but not perfectly with tests that assess haptic functioning. As
with the intelligence and developmental tests, different tests were required
for different ages:
Tactile Tests o f Basic Concepts (TTBC'): 4 - VA years (Caton, 1983). This test is
an adaptation form the ‘Boehm Test of Basic Concepts’ (BTBC) for normallysighted children. The purpose of the TTBC is to appraise the mastery of
concepts that are commonly found in preschool and primary grade instructional
materials and that are essential for understanding oral communication with
teachers and fellow pupils.
Tests o f Mommers: Haptic Figure Orientation Test and Haptic Greatness
Discrimination Test: 7/4 - 13% years (Mommers, 1974). In these tests the child
had to decide, by touch, which figure out of a group of four figures is placed in
a different orientation or which figure had a different size.
These tests for determining construct validity were always administered after
the assessment of the TP. To gather data from these tests as objectively as
possible, they were administered by professionals who had not been involved
in administering the TP. These so-called ‘naive’ administrators were unaware
of the goal of the study and were not familiar with the participants. All ‘naïve’
administrators received training to administer the intelligence and haptic
tests. All tests were administered within a period of 4 to 6 weeks to cancel out
the confounding effect of maturation as much as possible.

2.3 Results
2.3.1 Item analysis
The item difficulty level was computed for each age group. The distribution
of the items would be correct if : p-young < p < p-old. Difficulty-levels ranged
between 0,25 and 1,0. Off all 430 items there were 351 (82%) items which
seemed to be in the correct age level and 79 items were either too easy or too
difficult. Of these 79 items, four items ought to be deleted from the final task
due to the fact that they had a difficulty level of 1, meaning that every child
passed this item.
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Table2.3 Correlations between frst and second administration of TP
Domains a n d C a tego ry

Rho'

n2

Tactual Sensory Functioning

0.87**

50

Tactual awareness

0.55**

24

N oticing

0.46*

27

Body awareness

0.84**

50

Touch sensitivity

0.78**

50

Proprioception

0.75**

50

Tactual M otor Functioning

0.78**

50

Tactual exploration

0.83**

30

M anipulating

0.61**

40

Two-handedness

0.83**

50

M iddle a n d near space

0.59**

29

Tactual Perceptual Functioning

0.86**

50

Recognising

0.62**

40

Perception o f detail

0.82**

50

Discrimination

0.78**

47

C onstructing/reproducing

0.84**

50

Part-whole relationship

0.87**

40

Tactile-spatial perception

0.70**

46

Figure ground perception

0.59**

50

Third a n d second dimension

0.75**

23

Tactual Language

0.79**

45

The Tactual Profile

0.94**

50

*p < .05, **p < .01

1) Correlations were computed with average scores (Total score/ number o f administered
items). Correlations were only calculated for the items that were observed. For this reason the
domain ‘Practical Skills’ is not in this table, because most items were asked and not observed.
2) This number differs per category, because not every category has items for each age-level.
Five Children did not receive a second administration with TP; that is the reason why the n
in the calculations for the test-retest reliability has a maximum o f 50. For some categories the
number o f children assessed with a item is below 50 because the categories do not have items
for all the age-levels.

2.3.2 Test-retest reliability
The test-retest reliability was based on the results of two administrations of
the TP within a two-week interval. The categories and total TP score showed
moderate to strong correlations between both administrations (see Table 2.3),
indicating that the psychological constructs measured with TP were quite
stable in a two week period. Of note is that the categories with low test —retest
correlations, such as Tactual awareness and Noticing, did not have items for
all age levels.
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2.3.3 Divergent validity
The Reynell-Zinkin consists of three verbal tests and three non-verbal tests
(see Table 2.4), Although the items in the verbal scales were elicited by
questions regarding manipulation of materials, only one verbal subscale (i.e.
Vocabulary) correlated significantly with TP. Only the verbal sub tests of the
WPPSI were administered. None of the WPPSI scales correlated significantly
with The Tactual Profile. Table 2.5 shows the correlations between the ITVIC
and TP for the oldest children. Significant correlations were moderately high .
Table 2.4 C orrelations betw een R eyn ell-Z in k in Scales and T P
Rho
Social a d a p ta tio n

0.55*

Sensorimotor understanding

0.51*

Exploration of the environm ent

0.49*

Rosponse to sound a n d verbal com prehension

0.44

Vocalization and expressive la n g u a g e structure

0.34

V ocabulary

0.45*

Total Score Reynell-Zinkin

0.58**

*p < .05, **p < .01

Table 2.5 Correlation between subscales of the ITVIC and TP
Rho
j Perception of figures
Block Design
| Exclusion of figures

0.57*
0.59**
0 . 68 * *

M ap questions

0.46*

I Verbal analogies

0.53*

V ocabulary
j Total score ITVIC

0.54*
0.75*

*p < .05, **p < .01

Table 2.6 shows the correlations of the domains and the total TP score with
the scores on the developmental and intelligence tests. Three out eleven
verbal subtests correlated significantly with the TP. These were the subtests
‘Vocabulary’ (Reynell), ‘Verbal Analogies’ (ITVIC) and ‘Vocabulary’ (ITVIC).
The correlations were in the moderately strong range (0.45 — 0.54). The
correlations with the performal/haptic subtests were somewhat stronger
(range 0.49 —0.68). The correlation of the shortened version of the ITVIC with
TPF was high (0.84).
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Table 2.6 Correlations between TP-cLomains and the developmental and intelligence

tests
Correlations
Reynell-Zinkin' Verbal IQ shortened version ITVIC +
WPPSI* p e rce p tio n of raised line
figures2
Tactual Sensory Functioning
i Tactual M otor Functioning
Tactual Perceptual Functioning
| Practical Skills
The Tactual Profile, Total score

0.55*

0.44

0.59**

-0.15

0.49*

0.60**

0.41

0.84**

0.56*

0.19

0.65**

0.58**

0.43

0.75**

0.53*

*p < .05, **p < .01

') Correlations were computed with average scores (total score/number o f administered
items) o f TP and the raw score (number o f mastered items) o f the total Reynell-Zinkin
2) Correlations were computed with average scores (total score/number o f administered items)
of TP and the Standard scores o f the WPSSI/ITVIC

2.3.4 Convergent validity
Table 2.7 shows that the TTBC haptic test did not correlate significantly with
TP but the tests of Mommers did (Rho = 0.80). However, after controlling for
intelligence, the correlations turned out to be non-significant.
Table 2.7 Correlations between TTBC, Mommers and TP
Rho
TTBC

Mommers

M ommers p a rtia l correlation

Tactual Sensory Functioning

0.50

0.59*

0.07

Tactual M otor Functioning

0.20

0.49*

0.02

-0.01

0.83*

0.22

Practical Skills

0.09

0.52*

-0.21

The Tactual Profile, Total score

0.24

0.80*

0.05

Tactual Perceptual Functioning

*p < .05

2,4 Discussion
After describing the development of the Tactual Profile, the psychometrie
properties were determined within the framework of classical test theory.
Item analysis, reliability checks, and some tests for validity were conducted
by the authors. The item analysis showed that the a priori ordering of the
large number of items was mainly correct. Based on the difficulty levels, the
40
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results showed that 82% of the items were assigned to the correct age level.
There were 75 items that had to be placed into another age group. Four items
were deleted, due to the fact that they were too easy and did not add extra
information. Items that were too easy were mainly found in the youngest
age group. A possible explanation could be that the A-group of participants
consisted of five children of 1 year old, and only 1 child younger than 1 year.
The A-items might therefore have been too easy for these 1-year old children.
The reliability tests showed that TP was quite reliable within a two-week
interval. This also meant that TP was rather stable within a two-week period.
The analyses for the construct validity showed mixed results. As expected a
mild to moderate correlation was found between TP and intelligence. This
correlation was strongest for the performal/haptic subtests. The absence
of high correlations means that the TP measures something different than
intelligence tests, but there is also some overlap. This overlap was mainly
found between the TP and the ITVIC. This is not surprising as the ITVIC is
performed almost completely by touch. The correlation with the verbal tests of
the WPSSI was in the desired direction; that is, low to moderate.
Despite the expectations, there was not a significant association between the
TP and other tactile tests, for instance between the TTBC and TP. In contrast,
the Mommers tests correlated moderately to strongly with the TP. However,
after correcting for intelligence differences the significant correlations between
the TP and the Mommers disappeared. Both the Mommers and TP correlated
significantly with intelligence tests.. A possible explanation could be that the
haptic tests tap not only tactual functioning but also other capacities such as
‘problem solving’ skills. The TTBC and Mommers apparently assess different
concepts and areas of tactual functioning than the TP. At the moment we
cannot rule out that this association is an artefact. All items of the TP required
a different instruction, whereas in the TTBC and Mommers one instruction
suffices for a complete scale. As a result the TP could have been affected more
by the child’s verbal comprehension and short term memory capacities. Of
note, however, that there was also a significant correlation between the tests
of Mommers and the intelligence tests.
Both the Mommers as well as the TTBC tap just a small part of haptic and
tactile functioning. As a result both these haptic tests assess different concepts
and areas of tactual functioning than the TP, hence the rather low correlations
between the TP and the TTBC and Mommers.
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As a consequence of the results the question arises whether tactual functioning
can be clearly distinguished from intelligence. A way to measure tactile skills
is by offering problem solving tasks through touch.
Solving these tasks depends both on tactile skills as well as cognitive skills
which would explain why some significant correlations between TP and
intelligence were found.
At present however the construct validity cannot be judged accurately as the
two haptic tests available with norms for Dutch children did not show a strong
correlation with the TP. Despite the high response rate, namely 55%, the
group is far too small to execute procedures for data reduction and analysis of
underlying psychological constructs, such as factor analysis. The TP consists
of different items for each age group, and the number of items per age group is
sometimes very small. As a result an alternative way to study the validity of
the underlying constructs by means of analysing the item homogeneity of the
a priori categories was not possible either. So for the present the validity of TP
is mainly based upon content validity, that is the expert judgements that were
used to develop TP.
Although the Haptic Battery, developed by Soledad Ballesteros and colleagues
(2005), was not available on the market at the time of data collection, it is
possible that this instrument can be used in future research to improve the
content validity.
Two recent developments could make it also possible to study the validity of TP
in a more appropriate way. First of all the TP has been translated into English.
As a result the potential group of participants has increased considerably.
Future research with the English version is therefore welcomed. Secondly, the
Dutch national Science foundation awarded the first author with an extra grant
to implement the TP. Part of this implementation is the construction of an
online database to gather the results for future research on the instrument.
The website has been online since January 2009 and will hopefully serve to
complement the data base (www.tactualprofile.org).
Schellingerhout and Withagen (2002) concluded in their process evaluation
that, irrespective of its psychometrie properties, the TP led to new ideas for
intervention. In addition, TP furthered a more structured approach to the
assessment of haptic and tactile development. The next step was therefore to
write an activity book to assist the teacher with designing relevant interventions.

42

The Tactual Profile: d e v e lo p m e n t of a p ro ce d u re to assess th e ta c tu a l fu n ctio n in g of children w ho are blind

This resulted in the writing of “Tast Toe” [Feel Free], an activity book containing
exercises, lessons and suggestions for stimulating and training tactual
functioning (Janssen, Withagen et al., 2005). Anecdotal feedback suggests that
the activity book ‘Feel Free’ has been well received by professionals who have
reported that the book increased the value of an administration with TP.
When certain areas of poor tactual functioning are detected during an
assessment, this book provides a range of suggestions for interventions in
different areas o f tactual functioning. The text will be translated into English
in 2009, making it available for a larger audience.
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Tactual functioning in children with
blindness: a clinical perspective
An a d a p te d version of this chapter was published as: W ithagen, A „
Vervloed, M.P.J., Janssen, N.M., Knoors, H. & Verhoeven, L. (2010). Tactile
functioning in children with blindness: a clinical perspective. Journal o f
Visual Im pairm ent & Blindness, 104, 43-54.

Abstract
Tactual functioning is described for 48 children with congenital blindness
attending mainstream education. The study focused on touch and haptic skills
needed in normal academic and eueryday tasks. The results showed that, in
general, children with congenital blindness master such tactual tasks, but some
items pose special problems.
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Astonished by this finding they subsequently studied different modes and
aspects of picture representations: tactual space, outline-drawings, perspective
and metaphors. Kennedy showed that touch allows us to understand outline
drawings and that in persons who are blind the development of drawing occurs
in similar ways as in the sighted. Furthermore, Kennedy (2000) showed that
the geometry of perspective used to make outline pictures is largely the same
for both touch and vision. The distinction being that the concept of perspective
is more well-defined in vision than in touch.
Despite an increase in fundamental studies on touch, applied studies on
tactual functional of individuals who are blind are still quite rare. Moreover,
a developmental perspective on tactual functioning is generally lacking. As a
result there is no consensus amongst clinicians whether or not touch skills are at
risk for persons who are blind, and whether touch skills should be stimulated or
trained. What we do know is that people with congenital blindness out-perform
people who became blind at a later age with regard to Braille reading speed,
probably because touch acuity diminishes with age (Jansson, 2008). With this
in mind it seems wise to start intervention at an early age, as is promoted by
Marek (1999, 2000), who developed materials for people who are blind, in order
to teach specific tactual skills and spatial insights. But again, whether training
is necessary and effective has still to be proven.
In the present study, an attempt will be made to assess the tactual functioning
of primary school aged children with congenital blindness. Our assessment tooi
was the Tactual Profile (TP), an instrument designed to evaluate tactual skills
of children who are blind with regard to tactual sensory functioning, tactual
motor functioning, and tactual perceptual functioning (Withagen, Baerwaldt,
Blok, Ekkens, Hamelink, & Vervloed, 2005). The TP has been used in the
current study in which the main goal was to describe tactual functioning o f
children who are blind. This goal was pursued by describing the strong and
weak skills with regard to touch of children with blindness while carrying out
academic and everyday tasks.

3.2 Methods
3.2.1 Participants
Participants were recruited from the records of all institutes and schools for the
visually impaired in the Netherlands and Flanders. Children were included
who had visual acuities less than 5/100 from birth; attended mainstream
education; were between 0 and 16 years of age; had proper understanding o f
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the Dutch language; and had no additional impairments.
Inspection of school records revealed a total sample of 110 potential
participants. The school records proved to be unreliable in 14 cases, leaving
96 potential participants of who 51 agreed to participate (response rate 53%).
Only three children in the age range 12-16 years were recruited. This sample
of three was considered too small to be included in the study. As a result there
were 48 children between 0 and 12 years of age in the final sample. Table 3.1
shows the participants’ characteristics.
Table 3.1 Characteristics of the participants.
A ge group

Boys n

Girls n

A (Birth to 2 years)

3

3

6

16

B (2-4 years)

5

10

15

36

C (4-6 years)

6

6

12

57

D (6-9 years)

5

1

6

93

E (9-12 years)
Total

Total by a g e n

M ean a g e level (in months)

3

6

9

124

22

26

48

65

3.2.2 Instruments
TP consists of items that are graded according to age-level and divided in
three tactual functioning domains (tactual sensory, tactual motor, and tactual
perceptual), and one domain of practical skills. The instrument is based on
direct observation of the items by the administrator. The tactual skills of
the children are scored as ‘mastered’ or ‘not mastered’. Only items that were
directly observed by the administrator were included in the study. Therefore,
the Practical Skills items were not analyzed, because the results of these items
were based on verbal responses of parents and not direct observations.
By excluding items for children of 12 years and above and the Practical Skills
items the total number of items in the analyses amounted 303, divided over five
different age-groups: 0-2, 2-4, 4-6, 6-9, and 9-12 years. Each domain is divided
in different categories but not every category has the same number of items
per age-group. The domain Tactual Sensory Functioning (106 items) consists
of categories, which observe all the perceiving-components involved in touch,
for instance tactual awareness, touch sensitivity and Proprioception. Items in
the domain Tactual Motor Functioning (52 items) require motor proficiency,
for instance tactual exploration, manipulating, two-handedness. The domain
Tactual Perceptual Functioning (162 items) consists of categories which refer
to the interpretation of tactual information, for instance discrimination, tactilespatial perception, part-whole relationship, third and second dimension.
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Psychometrie properties of TP are published in more detail elsewhere (Janssen,
Withagen, & Vervloed, 2005; Schellingerhout & Withagen, 2002; Withagen &
Schellingerhout, 2004; Withagen, Vervloed, Janssen, Knoors, & Verhoeven,
2009). In short, face-validity and content-validity were determined by expert
ratings. Subsequently, the item pool was adjusted in a second version of TP
and studied in 50 children for construct-validity, difficulty level and reliability.
Reliability and construct validity turned out to be moderate to good (see
Janssen et al., 2005; Withagen et al., 2009).

3.2.3 Procedure and setting
The research followed the tenets of the World Medical Association Declaration
of Helsinki on Ethical Principles for Medical Research Involving Human
Subjects. Prior to the study informed consent was obtained from the parents of
all participants and the study was ethically approved by ‘Independent Review
Board’, an Amsterdam based certified ethical review board. Examinations
were performed by three trained administrators who were all familiar with
children with blindness. Procedural reliability was ensured by organizing
regular meetings with the administrators to discuss and check administration
and scoring of the TP.
In the TP the items were divided over different age-levels. In clinical use of TP
each child would receive the items belonging to his or her age level. In order to
be able to find the skills that are most difficult, half the group was also given
items belonging to a younger age-group, and the other half items belonging to
an older age group. This way it was possible to gather more information on the
tactual skills of the children.
Prior to the assessment the forms for general data and warning signals were
filled in with the parents of young children (birth to 4 years) or the teachers
of older children (age range 5-12 years). For each child, the general data
contained information about the date of birth, etiology, additional diagnoses,
residual vision, preferred sense of the child and background information. The
warning signals consists of items concerning complicating factors in tactual
functioning, for instance questions about over-registration (overreaction,
tactile defensiveness) or under-registration (insensitivity) of tactile stimuli.
Children in age-level A (range 0-2 years) were observed at home in the presence
of their parent(s). The children in age level B (range 2-4 years) were either
observed at a day care center or at home. All the children in the age levels C
(range 4-6 years), D (range 6-9 years) and E (range 9-12 years) were assessed
at their own school, which were all mainstream schools for primary education.
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Test duration depended on the number of items per age group, the child’s
alertness and motivation and ranged between 1,5 — 3,5 hours. During the
assessment, there were no time restrictions imposed on the participants.

3.3 Results
To describe success or failure in tactual functioning difficulty levels were
calculated for each item, that is the percentage of participants that succeeded
in passing an item. Normally difficulty levels between 0 and 0.10 (too difficult)
and between 0.90 and 1 (too easy) are thought to be non-discriminatory. In
our sample no item showed a difficulty level between 0 and 0.10. So none of
the items was too difficult for the children with blindness. Of the 303 items
51 (17%) items had difficulty levels of 1, meaning that all participants passed
these items and there were 25 (8%) items with difficulty levels between 0.90
and 1. As a result 76 (25%) items posed no problems at all. Most of these easily
mastered items with difficulty levels between 0.90 -1.0 were in the age group
A (0-2 year), namely 39 items (51% of all items with difficulty levels between
0.9 - 1.0).
Next we looked at difficulty levels below 0.70, since we were not interested
in extreme individual cases but in more general strengths and weaknesses
in tactual functioning of children who are blind. The more conservative cut
off value of 0.70 instead of 0.90 was chosen because of the small sample sizes
as a consequence of the fact that not every item was offered to children in all
age groups. Of the total of 303 items there were 73 (24%) items with difficulty
levels below 0.70 when children were tested only with items for their own age
level. To be absolutely sure that an item was really difficult for children who
are blind an extra criterion was added, 30 or more percent of the children in
the subsequent age group had to fail that item too. A total number of 19 items
was not passed by 30 or more percent of the children in two age groups. The
variation of those 19 items per age group is depicted in Table 3.2
Table 3.2 Failed items, by age level and dornain of tactile functioning (number;
percentages in parentheses).
A ge group

N um ber of
items

Tactile sensory

Tactile
motor

A (Birth to 2 years)

85

1

1

-

2 (2.4%)

B (2-4 years)

36

1

1

—

2 (5.6%)

C (4-6 years)

60

1

8

9 (15.0%)

Tactile
p e rce p tu a l

Total

D (6-9 years)

68

1

3

4 (5.9%)

E (9-12 years)

54

1

1

2 (3.7%)

303

4 (3.8%)

12 (8.1%)

19 (6.3%)

Total

3 (5.9%)
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Table 3.3 lists the difficult items per tactual domain, that is, items with difficulty
levels of 0.70 or lower. Especially items for 4-6 year old children proved to be
difficult. Given the small number of participants no statistical analysis could
be performed to group these 19 difficult items. Descriptively there are some
categories discernable in these 19 items. Items that were difficult refer to object
recognition and naming (8, 9, 19), recognizing the function or common use of
an object (15, 16), comparing and matching objects (11), and searching for an
object (6). All these items appeal to play, imitation, and working memory or
mental acts, such as imagery, comparing and matching.
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Table 3.3 Items with difficulty levels lower than 0.70
Nr. C ategory

Age
(in years)

1

Body
awareness

6-9

2

Touch
sensitivity

2-4

3

Touch
sensitivity

9-12

4

Proprioception

Birth to
ag e 2

5

Tactile
exploration

Birth to
age 2

6

Large and
nearby space

2-4

7

Large and
nearby space

4-6

8

Recognizing

4-6

9

Recognizing

4-6

Description of the item

Observer is fa cin g the child a n d puts both
hands on his or her own waist: “ C an you c o p y
this?" (copying hand positions)
Shows to u ch sensitivity w ith the entire fa ce
or parts of the fa ce (for exam ple, brushes an
o b je c t a lo n g the ch e ck or feels furniture with
the foreheaa)
Can read braitte with six fingers (index fingers,
m iddle fingers, ring fingers)
Clasps o b je c t (such as a te d d y b e a r or a
rattle) tightly against the bo d y using hands or
feet, sitting aow n or standing up
Plays alternately with both hands a n d feet
in c o m b in a tio n w ith fhe m outh (for instance,
grabs own foot with own hand or sucks own
foes)
Searches, through touch for an o b je c t th a t is
behind an o th e r o b je c t (such as a ball behind
a ch a ir or a doll benind a couch)
Searches, by touching w ith a foot, for
differences in height (for exam ple, while
standing u p rig h t next to a b e n ch or curb)
Is c a p a b le of recognizing the o b je c t th a t is
presented tw ice, in a sequence of four small
distinauishable objects (w ooden playing fruit
orTacïilo shapes)
Is c a p a b le of recognizing the shape fhat is
presented tw ice , in a sequence of four flat
disfinguishable shapes (see m aterial box)

Level of
difficulty
Age
group

Next
age
group

0.65

0.66

0.43

0.17

0.44

0.43

0.50

0.50

0.67

0.67

0.50

0.64

0.55

0.50

0.32

0.25

0.41

0.25

10 Discrimination

6-9

Can feel a d e via tion in the outline of a linear
draw ing (see exem plary sheet)

0.50

0.42

11

6-9

Can lo c a te m atching shapes, despite
distracting textures (see m aterial box)

0.34

0.59

12 Constructing
or reproducing

4-6

0.59

0.50

Constructing
or reproducing

6-9

Can cre a te a row a ro u n d a fram e on the outer
border (such as a burl board or Ministeck)
Can re p ro d uce an a rrangem ent a fte r an
exam ple (such as a square, with a "b it"
missing, m a d e from m ulfiple Lego bricks or
a row of Duplo stones, with a d o u b le row of
stones in tw o places)

0.25

0.50

Constructing
14 or
reproducing

9-12

0.50

0.36

0.55

0.00

0.59

0.50

0.28

0.50

0.55

0.50

0.55

0.50

,3

Discrimination

Part-whole
15 relationships

4-6

Part-whole
16 relationships

4-6

Part-whole
17 relationships

4-6

spatial
18 Tactile
perception

4-6

19 Tactile
la n g ua g e

4-6

Can c o p y a shape after an exam ple on a
Ministeck board (see exem plary picfure)
Idenfifies a w hole on the grounds of a p a rt
(such as the spout of a te a p o t or g ra n d p a ’s
eyeglasses)
Knows, by touching, w hich p a rt belongs to
w hich w h o le (for example, a shoelace with a
shoe or a peel w ith an orange)
Recognizes sections as p a rt of a w hole shape
(for instance, a half and a w h o le a p p le or a
sandw ich a n d a lo a f of bread)
Can localize an identical stimulus on both a
flat horizontal and an uprighf surface (see
exem plary worksheets)
Can nam e th e m aterial of w hich an o b je c t
is m a d e of (such as w ood, plastic, or paper)
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A number of items also refer to touch strategies that children have to learn,
such as reading Braille with 6 fingers (3), mobility- strategies (feeling height
with feet, 7) or constructive play (4, 5). The items on the category Part-whole
relationships (15, 16, 17) refer to concept-development. Table 3.4 shows the
distribution per age-level and quartile of the number of participants failing
these items. Two children failed on all 19 difficult items, and they also
performed poorly over the total range of the Tactual Profile. As can be seen in
Table 3.4 most children failed on more than 50% of the 19 difficult items. So
these 19 items were not difficult for just a few single cases but for the majority
of the participants.
Table 3.4 Number of children per age-level and quartile for the 19 difficult items
Age-level

N um ber of children

0-25%

25-50%

50-75%

75-100%

A-level (0-2)

6

2

0

3

1

B-level (2-4)

15

2

3

4

6

C-level (4-6)

12

1

2

5

4

D-level (6-9)

6

0

0

2

4

E-level (9-12)

9

0

0

6

3

We have also studied the effect of different eye diseases and gender on the
scores of the 19 difficult items. There were 20 (44%) participants with Leber’s
Congenital Amaurosis; other eye-diseases were represented by smaller
groups, for instance microphthalmia (n=5), ROP (n=5), anophthalmia (n=4),
and retinoblastoom (n=3). No clear relation was found between eye disease or
gender and the 19 difficult items.

3.4 Discussion
From the results of this study one could conclude that children who are
congenitally blind and have no additional impairments master roughly 94%
of tactual tasks they meet in everyday live. However, there is some small
individual variation. Children in the age-group C (4-6 years) mastered 85%
of the items, while children in the age-level A (0-2 years) had command over
97,6 % of the items. The tasks in the domain of tactual sensory functioning are
mastered best. These items are referring to more basic components in touch,
such as tactual awareness and touch sensitivity, all necessary requirements to
execute higher haptic tasks. Most failures were made in the domain of tactual
perceptual functioning, where cognition and higher mental acts are playing
a more important role. Note that these items are not purely tactual. Tactual
experiences, memory and acquired taught strategies influence the execution
of a task. Overall one might conclude that touch is not a severe problem in
children who are blind, but there are some areas that need attending to.
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In the present study, children in the age-level 0-2 years, performed the tasks
best; they failed only on two items. However, the number of participants in
the youngest age group consisted of five children between 1 and 2 years of
age, and only one child younger than 1 year (average age-level 1.4 years). The
age distribution in this age category was therefore not optimal which could
explain the rather low number of failed items. At this age-level cognition plays
a minor role in the assignments, but sensory-motor development in contrast is
very important (Bloch & Bertenthal, 1990; Hatwell et al., 2003). For children
who are blind, tactual exploration is a necessity to receive proper information
about their environments. Schellingerhout (1998) concluded in his thesis, that
‘infants who are blind seem to be more biased towards exploration on the basis
of what they feel, than on the basis of what they hear.‘ This finding shows the
importance of the tactual sense in early childhood and the necessity to monitor
and stimulate it, although one could wonder whether touching is really at risk
in this age group.
In our study, children in the age-range 4-6 years performed worst; they failed
on 15% of the items, but still mastered 85% of the items. Items measuring
tactile basic skills and conditions for more complex tasks, namely tactual
sensory and tactual motor skills, were performed well by these children.
However, on eight items in the tactual perceptual domain they often failed.
Several possible explanations can be given. Firstly, within this age group,
there is large variation in the amount of school experiences (e.g., familiarity
with teaching procedures, tasks, situations, and tests). Secondly, the verbal
instructions for some items could have been rather difficult to understand for
some children at this age-level, especially the items belonging to ‘the category
of Recognition’. The instructions for these items might have to be simplified
in order for the TP to be a suitable instrument. Thirdly, the results of the
children in age-group C was negatively influenced by one child that performed
very poorly.
Next, we focused on the other items with difficulty levels below 0.70. Millar
(2006, 2008) described the sense of touch in combination with movement as
a very important source of information regarding spatial information. She
emphasized the importance of exploring and scanning movements in spatial
tasks for persons who are blind. In our study the participants performed
relatively well on most tactual spatial tasks. Only one item in the category
‘Tactual Spatial Perception’ (33 items in total) is not mastered by 70 % or
more of the participants. So, based on these findings, one could conclude that
tactual spatial perception seems to pose no problems to our participants.
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Three of the 14 items in the category ‘Constructing/Reproducing’ were not
mastered by 70% of the participants. The skills necessary for these three items
(12, 13, 14) demand the use of proper scanning techniques. Apparently these
skills do not appear spontaneously, but have to be offered and trained. The
scanning techniques and the use of body-centered cues might be important
practice material because they are necessary to properly execute the
“reconstructing skills” . Millar underlined the use of these body-centered cues
for people with blindness, in contrast to the use of external cues, which people
who are sighted use to solve spatial tasks. Clinical observations during the
execution of the task seem to support this theory. We found that item 14,
where the participant is asked to copy a shape after an example, was only
mastered by children who used the adequate scanning strategies with bodycentered cues.
The concept of part-whole relations (items 15, 16, and 17) develops with age
and increased tactile experiences of the child. From an early intervention point
of view knowing whether this concept is lacking is important for intervention
planning. Whether the lack of part-whole skills is due to lack of experience or
to individual variation in acquiring the necessary tactile skills is not known,
since clinical information about the tactile history of each child is not available
for the participants in this study. Based on clinical experience we think that
lack of experience might be responsible. If this is true then intervention
should first of all consist of offering more opportunities to explore part-whole
relations.
The basic exploratory actions and manual activities necessary for gathering
information about form and space, described by Hatwell (1978, 1990, 2003),
were performed quite well in this study. However, items referring to object recognition, where perception of shape as well as memory are necessary,
proved to be more difficult. At this moment, no clear conclusion can be given
for the fact that object identification is sometimes problematic. Possibly the
combination of object exploring and memory is too difficult. But, as mentioned
earlier, the verbal instruction could also have been too difficult or lacking the
proper kind of instructions.
In the present study, no time restrictions were imposed on the children in
order to have optimal conditions for the participants to carry out the tasks.
Under these circumstances, the participants mastered about 94% of the skills.
However, in everyday life there are sometimes time restrictions imposed on
task performance. For instance, most academic tests have time limits.
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It would therefore be interesting to study the performance of the TP items
with time constraints and to see whether this performance differs from the
performance under ‘optimal conditions’, that is, no time restrictions.
In summary, in this study roughly 94% of the tactual skills which were
thought to be necessary to perform academic tasks and daily living skills were
mastered by the children who are congenitally blind. This is a very positive
finding. Flemish and Dutch children with blindness, with no additional
impairments, master nearly all the tactile prerequisites of academic and
everyday tasks spontaneously and subsequently no formal teaching or
intervention is necessary. Only 19 items proved to be too difficult for over 70%
of the participants. For these 19 items we need to design intervention plans
since a reasonable number of children who are blind do not master these items
on their own.
If one wants to design a tactual or haptic test the 76 items with difficulty
levels between 0.90 and 1 could be deleted since the were non-discriminatory,
and as a result add no useful information. The 19 difficult items from this
study should be definitely included in the test. Until such a test is available
one could even consider using a shortened version of the TP consisting of
only the 19 difficult items. For future research, it would also be interesting to
administer the TP to people who are deafblind and compare their TP profiles
with the children who are congenitally blind and have no additional handicaps.
Another interesting line of research would be to enroll people who are blind
into haptic experiments. Several theories on touch and haptics are derived
from experiments with people who are sighted and blindfolded. It would be
very interesting to study the performances of persons who are congenitally
blind on similar tasks. The findings of such a study have the potential to
greatly increase knowledge of touch and haptic development.
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Abstract
The present study describes a tactual object matching task based on the study of
Lederman and Klatzky (1987) for the dimensions Exact shape, Weight, Volume
and Texture. Participants were congenitally blind children and their sighted
classrnates, congenitally blind adults and sighted adults. To study a possible
effect o f familiarity the task was performed four times. Based on Millar’s
CAPIN (Convergent Active Processes in Interrelated Networks) model ofspatial
processing (Millar, 1994) it was thought that this manipulation would add
redundant information to the experiment from which the children and blind
participants could benefit. The results showed that accuracy was affected more
by age than visual status, especially for the dimension Exact Shape. With regard
to response times, children were in most cases faster than adults, especially the
sighted adults. Familiarization had a significant effect on response times for all
dimensions. Extra exercise only increased accuracy for the dimension Texture.
These results were generally in line with the CAPIN model.
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Recent studies showed brain reorganization in blind people. The occipital
lobe, the main location for processing visual information, is also used by blind
persons during touching, which might compensate for their lack of visual
memory and visual processing in object identification (see e.g., Gizweski,
Gasser, Greiff, Boehm & Forsting, 2003; Sadato, Okada, Honda, & Yonekura,
2002; Sathian, 2000, 2005, 2010).
Familiarity with the task might also benefit blind people since they are used
to identify objects by touch. It might also be a distinguishing characteristic
between children and adults, simply because adults have more years of
experience. Davidson (1972) and Davidson and Whitson (1974) observed
that blindfolded sighted persons had less efficient modes of exploration than
people blinded early in life. To evaluate the curvature of a stimulus (convex or
concave), the blind favoured procedures using the whole hand whereas sighted
people used only two fingers. The sighted adults thus decreased the size of their
perceptual field as much as possible; in contrast, the blind adults enlarged it
by using all their fingers. It turned out that the blind participants were more
accurate than the sighted. After familiarizing the sighted participants by
forcing them to use the same mode of exploration as the blind the two groups
produced similar results.
A familiarity effect was also found by Grant, Thiagara and Sathian (2000)
who compared the discrimination performances of blind Braille-readers and
sighted subjects on haptic tasks. Initially, the blind outperformed the sighted
on a hyperacuity task in which they had to judge Braille-like dot patterns,
but after training, the sighted performed at the same level as the blind did.
According to Craig (1988) blind persons do not truly develop better tactile
sensitivity, but rather learn to use the haptic sense more proficiently. Grant,
Thiagara and Sathian, as well as Craig conducted their studies while the
participants could use active touch, that is purposive exploration of the
stimulus field. For passive tactile acuity, perception based solely upon
stimulation of the cutaneous sense of an immobile observer, a familiarity
effect was also found by Goldreich and Kanics (2003). Tactile acuity in the
blind was significantly superior over that of sighted people. Unfortunately no
training was given to the sighted participants in this study, so it remains
unknown whether familiarizing the sighted persons with the task would have
enhanced their performance. In order to study a possible familiarization effect
our experiments will be performed four times.

70

H aptic o b je c t m a tch in g b y blind a n d sighted adults and children

4.1.5 Developmental aspects
According to Millar (1997), visually impaired children need more redundancy
in their information due to the fact that they are both visually impaired and
young. The effects o f visual impairment were discussed above, but what about
the developmental aspect? Bushnell and Boudreau (1991, 1998) studied the
sorts of hand movements children were capable o f making at various ages,
starting in infancy. The EP ‘Enclosure’, for instance, is already observed in
four months old babies (clutching behaviour). Between four to nine months
o f age the manual behaviours of the babies w ere considered to be similar
to the ones o f adults for the EP’s ‘Pressure’ and ‘Lateral motion’. However,
the intention o f using the EP was different in infants than in adults. Babies
were waving, banging and passing objects from one hand to another. These
behaviours w ere considered to be similar to the adult EP ‘Unsupported
Holding’. A difference in performance between younger and older children
was described b y Alexander, Johnson and Schreiber (2002). Participants were
children between four and nine years o f age, with varying levels of knowledge
o f dinosaurs. The older children explored the models more exhaustively and
discovered more differentiating tactile features than did the younger children
and they also made fewer errors. For task accuracy, the haptic strategies used
by the older children proved to be more important than their a priori level of
knowledge about the objects.
The abovementioned studies were all carried out with sighted children, but
what about blind children? Simpkins (1979), Schellingerhout, Smitsman and
Van Galen (1997, 1998), Morrongiello and Humphrey (1994) and BradleyJohnson, Johnson, Swanson and Jackson (2004) found no differences between
blind and sighted children in the number and range of exploratory behaviours
and in the way they adapted their actions to object properties. In contrast
to the previous studies, Millar (1974) did find differences between blind and
sighted children in several experiments with small nonsense shapes. During
a comparison task, the children were distracted in different ways: unfilled
delay, rehearsal, exposure to a verbal distractor, and a movement distractor.
Although the distracters had highly significant effects on different experiments,
the influence was the same for blind and sighted children. However, in general,
the blind children were less accurate but also faster than the sighted children.
Millar (1974) suggested that the speed-accuracy trade off probably indicated
a difference in strategy rather than in retention. Also Hatwell (1978) found
differences between blind and sighted children. She compared the results of
congenitally blind and blindfolded sighted children on a shape recognition
task.
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could not see any of the stimuli nor their own hands and at the same time
they were not hindered by a blindfold. Behind the experimenter’s shoulder
a tripod with a digital video camera was installed. The camera recorded all
experimental trials, except practice trials.
Every experiment started with a practice session, in which the participants
got clarification about the concepts of the dimensions and could practice the
procedure of matching one of the objects with the Standard. In accordance
with the original study, participants were asked to cup their hands. The
experimenter first presented the Standard object, which they were asked to
explore for one of four dimensions: texture, weight, volume, or exact shape.
Next, the three comparison stimuli were given one after the other and the
participants were asked which of the three matched the Standard best with
regard to the required dimension. The participants were told that there would
be no identical match to the Standard. A simultaneous comparison of the
stimuli was not possible and there was no time limit for responding.
Both children and adults received the practice trials. These trials did not
focus on the strategy to solve the task, but only on the understanding of
the instructions. The participant received no feedback on task performance.
Texture was described as, ‘how the object feels at the surface, ignoring shape
or size’. Weight was described as, ‘how heavy or light an object feels in the
hand’. Volume was described as, ‘this concerns the size of the object at all
sides. Ignore the shape, but explore the magnitude’. For this dimension, an
extra instruction was given if the participant did not understand the concept
well enough. The experimenter would teil, ‘Imagine you can make a hole in
the object and fill it with water. In which comparison object would fit about as
much water as in the Standard?’. Exact shape was explained as, ‘the precise
outline o f an object, ignoring the size of the object. It can be larger, smaller,
thicker or thinner, than the Standard.’
When the participant stopped exploring the object, they were instructed to
indicate they were ready for the next stimulus by stretching their hands,
palms upward and upon the table. On this signal the experimenter could
subsequently remove the object. To help remembering the correct numbers of
the objects the experimenter asked while offering the consecutive comparison
stimuli, ‘Is it number one ...number two....or number three?’ . After the four
objects were presented, the participants had to answer verbally which object
best matched the Standard item.
No feedback was given regarding the correctness of the participants’ response.
The experimenter reacted neutrally to all answers. The procedure was
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practiced twice for all object properties in one practice session. An extra set
of 32 practice stimuli, not part of the experiment, was used for this purpose.
Immediately after the practice session the experiment started. There were 64
objects in total in each series (four sets of four for each of the four dimensions).
Each participant performed four series. The dimensions were offered in a
randomized order within each series. As a result of the four repeated series
every participant got to touch 256 objects during the experiment. Response
time and exploration time started when the participant received the object in
their hands and stopped when the participant stretched their hands. All four
series were presented on the same day.

4.2.4 Analyses
Response times were only analysed for the correct answers and measured with
the help of the Observer XT (Noldus, 2008). The observer XT software can be
used for the collection, management and analysis of observational data. Five
observers, naïve to the experiment, scored the videotapes after training them
to a sufficiënt level of agreement (coëfficiënt Kappa above .80). Videotapes
of the experiments of ten participants were selected to determine inter-rater
reliability. Tapes were selected from the beginning, halfway and end of the
study. The mean inter-rater reliability measured with coëfficiënt Kappa was
.89 (range .84 - .93).
Only significant results are described in this paper. An exception is made for
the age by group interaction, since this was a major hypothesis tested in this
study.
Firstly, an age (adults-children) x visual status (blind-sighted) x series (4)
General Linear Model (GLM) analysis was performed to analyse the accuracy
and response times per dimension. Age and visual status were treated as
between subjects and series as within subjects variables. Since age was
found to be a significant main effect on most dimensions, we also analysed
both age groups separately. The relation between response and accuracy
was subsequently studied by correlating both variables. Secondly, to study
individual variations in performance over the four dimensions, a speedaccuracy trade off was determined by calculating the correlations between
response times and accuracy both within groups and over the total group of
participants. Thirdly, correlations were calculated and analysed for accuracy
and response times between the scores on the four dimensions . Lastly, the
data were compared with the data reported by Lederman and Klatzky.
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4.3 Results
4.3.1 Exact Shape
Accuracy for Exact Shape is depicted in Figure 4.2 A for the four groups as
a function of series. The data points reflect percentages correct responses
(accuracy) averaged over the four sets within one dimension and one group.
Likewise, the mean response times on correct answers are depicted in Figure
4.2 B, also as a function of series.
Exact Shape

1

2

2

3

Series

Series
-o-Adult and sighted

■Adult and blind

-O-Child and sighted

-Child and blind

Fig. 4.2 Accuracy (A) and Response times (B) for Exact Shape over four repeated

series by Age and Visual Status. Error bars indicate Standard Error of Measurement.
The accuracy for exact shape showed a main effect for age CF\57 = 33.093, p <
0.001, ^/p =.367). As can be seen in Figure 4.2 A, adults were more accurate than
children. No significant interaction was found between age and visual status
(F 57 = 0.496, p = 0.484, */ƒ =.009). For response times there was a main effect
for age (Ft 57 = 17.620, p < 0.001, ^ =.236). Adults were in general slower than
children. The data also showed a main effect for visual status (Fl g7 =12.788, p
< 0.001, 7/p =.183). Blind participants responded faster than the sighted ones.
There was also a significant interaction between age and visual status (F157 =
10.351, p = 0.002, f]p =.154).
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As can be seen in figure 4.2 B, this is mainly caused by the sighted adults who
were slower than the three other groups. The data also showed a main effect
for series (F3m = 16.98, p < 0.001, *lp =.230). Response times decreased over
the four sessions.

4.3.2 Weight
For the dimension weight age proved to be a significant main effect for accuracy
(see Figure 4.3 A), (F157 = 11.041, p = 0.002, */p =.162). Adults were in general
more accurate than children. There was no significant interaction for age and
visual status (F, 57 = 0.275, p = 0.602, *l2
p =.005).
The response times for weight (see Figure 4.3 B) had a significant main effect for
series, (F3m = 6.594, p < 0.001, Vp =.104) indicating that the average response
times over all four groups decreased with repetition of the series. However,
there was also a significant interaction between series and age (F3m = 7.523,
p <0.001,
=.117). Figure 4.3 B shows that children seem to become faster
over the four sessions, whereas the response times of adults hardly changed.
Finally, the dimension weight also showed an interaction effect between age
and visual status (F157 = 7.856, p = 0.007, Vp =.121). In blind participants
the children were slower than the adults, whereas in sighted participants the
adults were slower than the children.
Weight
45
40
35
2

30

(/>
CD

2

2

3

Series

Series
-O A d u lt and sighted

-«-A dult and blind

-O C h ild and sighted

-®-Child and blind

Fig. 4.3 Accuracy (A) and Response times (B) per trial for Weight over four repeated

series by Age and Visual Status. Error bars indicate Standard Error of Measurement.
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4.3.3 Volume
Figure 4.4 A shows the accuracy for the dimension volume; there is a significant
main effect for age (Fl57 = 9.321, p = 0.003,
=.141). The adults were in
general more accurate than the children. There was no significant interaction
between age and visual status (Fx57 = 1.801, p = 0.185,
=.031).
Response times, as depicted in Figure 4.4 B, showed a main effect for series
(F3 171 = 17.995, p < 0.001, ^p =.240). Participants became faster over the four
sessions. No significant interaction was found for age and visual status (Ft 57 =
0.052, p = 0.820, 112
P =.001).

Volume

Volume

2

3

Series
-o -A d u lt and sighted
-o-C hild and sighted

-" -A d u lt and blind
C h ild

and blind

Fig. 4.4 Accuracy (A) and Response times (B) for Volume over four repeated series by
Age and Visual Status. Error bars indicate Standard Error of Measurement.

4.3.4 Texture
Figure 4.5 A shows the accuracies for the dimension texture. There was a
main effect for age (F] 57 = 8.538, p = 0.005, */ƒ =.130). In general the adults
were more accurate than the children. The data also showed a main effect for
series (Fam = 2.933, p = 0.035, ^ =.049). The performance of the four groups
improved over time. There was no significant interaction between age and
visual status (F157- 1.117, p = 0.295, ^ = .0 1 9 ).
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The response times for the dimension texture showed a main effect for series
(F3m = 18.068, p < 0.001, 7/p =.241), indicating that subjects became faster
over the series (see Figure 4.5 B). However, a significant interaction for series
and age (F3in = 3.097, p - 0.028, ^ =.052) indicated that response times of
children decreased more over time than those of adults. As shown in Figure
4.5 B response times of sighted adults did not change over the four sessions,
whereas the other three groups seem to respond faster over the four sessions.
There was no significant interaction effect between age and visual status (Fï 57
= 3.335, p = 0.073, n2
p =.055).

Texture

Texture

Series
-O A d u lt and sighted

-Adult and blind

-O-Child and sighted

-Child and blind

Fig. 4.5 Accuracy (A) and Response times (B) for Texture over four repeated series by
Age and Visual Status, Error bars indicate Standard Error of Measurement.

4.3.5 Analysis for separate age groups
Since almost all the dimensions showed a main effect for age, the GLM
analyses were also performed for children and adults separately to look for
possible significant main effects of visual status and interactions between the
repeated trials and visual status that might show up when age is no longer an
independent variable.
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These separate analyses showed significant effects for the response times, but
not for accuracy. The response times for the dimension exact shape showed a
main effect for visual status for the adult participants (F12g = 14.315, p = 0.001,
7?p =.330). Blind adults responded much faster than sighted adults. For the
dimension weight, we also found a main effect for visual status in the group
of children (F129 = 9.007, p —0.006, Vp =.243). The sighted children responded
faster than the blind children. The dimension texture showed a significant
interaction for series and visual status ( F 3S7 = 3.095,/) = 0.031, */p =.096) in the
adult participants but not in the children. Blind adults became faster over the
series whereas the sighted adults’ response times hardly changed.

4.3.6 Speed-accuracy trade off
Given the fact that we were also interested in the relation between speed
and accuracy for the four groups on four different dimensions, we calculated
the correlations between response time and accuracy (averaged over the four
series) both within groups and over the total group of participants. Positive
correlations would indicate possible speed-accuracy trade-offs. Data of the
separate groups showed only two significant correlations and these were
negative. It concerned the dimension texture, where the sighted children
showed a negative correlation of r= -0.61 (p = 0.016) and the dimension
exact shape, where the blind children had a negative correlation of r=-0.68
(p = 0.006). In both cases the correlation was mainly caused by just a few
participants who were both slow and inaccurate. There was only one positive
correlation over the total group of participants, namely for the dimension
exact shape (r=0.31, p=0.016). A subsequent partial correlation, controlling
for age and visual status, found no significant correlation (p = 0.31), indicating
that the positive correlation is probably due to group differences. Inspection of
Figures 4.2 A and 4.2 B suggests that the high performance but long response
times of the sighted adults in comparison with the other groups is the major
cause of this positive correlation.

4.3.7 Correlations between dimensions
Correlations between dimensions were calculated to study individual variation
in accuracy and response times, that is whether subjects who were fast and/
or accurate in one dimension were also fast/accurate in other dimensions. As
age and visual status might affect these correlations, they were partialled
out. Table 4.1 shows the partial correlations for accuracy and response times
between the four dimensions. The correlations for accuracy were weakly
positive (range .11 to .47). The intercorrelations for response times were
stronger and in the medium to high range (.53 to .72).
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Table 4.1 Correlations between four dimensions for accuracy and response times with
age and visual status partialled out.
A c c u ra c y
Exact Shape

Response time

Volume

Texture

.37*

.30*

IWeight

.08

.11

Volume

.47**

Weight

Exact Shape

Volum e

Weight

.13

.62**

.72**

.67**

.58**

.53**

.57**

*p < 0.05; **p < 0.001

4.3.8 Comparison with the Lederman and Klatzky data
Table 4.2 shows the accuracy of the participants in the original study of
Lederman and Klatzky on the four dimensions in the left column. Unfortunately,
only the mean scores are known and no Standard deviations or Standard errors
of measurement. For ease of comparison and due to the fact that Lederman
and Klatzky did not repeat the trials, the mean scores on accuracy of the four
different groups in the other columns are only shown for series 1. The order of
the accuracy scores is the same for the Lederman and Klatzky and our studies.
Table 4.2 Comparison of the data of series 1 with the original study of Lederman
and Klatzky (1987) for accuracy on the four dimensions in %. L&K = Lederman and
Klatzky (1987), M= Mean, SD = Standard Deviation, Cl = 95% Confidence Interval
L&K

Sighted adults

Blind adults

Sighted children

Blind children

n=18

n= 5

n =16

n==15

n=15

M

M (SD)

Cl

M (SD)

Cl

M (SD)

Cl

M (SD)

Cl

Texture

93

97 (9)

92-100

94 (11)

88-100

85 (21)

73-96

93(11)

87-100

Volume

81

93 (11)

87-100

86 (18)

76-96

82 (27)

66-97

88(16)

79-97

Exact shape

76

87 (16)

78-96

86 (18)

76-96

63 (19)

53-74

70 (22)

58-82

W eight

65

82 (18)

72-91

84 (22)

73-96

65 (26)

50-80

63 (21)

52-75

4.4 Discussion
4.4.1 Children versus adults
Adults were expected to be more accurate and faster than children, due to the
assumption that children need more redundancy in their information processing
(Millar, 1994, 1997). This assumption was partly confirmed by the data. The
adults were indeed significantly more accurate on all four dimensions but
they were not faster than children. With the dimension ‘Exact Shape’, we saw
the largest difference in accuracy between children and adults. This might be
caused by the complexity of the task and the spatial skills needed to solve this
task correctly.
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These spatial skills might not have been matured enough in children (Warren,
1994; Millar, 1997; Gentaz & Hatwell, 2003).
The fact that children’s hands are smaller than adult hands might also have
influenced performance on the different tasks. Some of the largest stimuli were
difficult to enclose for the children forcing them to use additional strategies.
According to Millar (1994), children need more rehearsal and redundant
information to interpret haptic and spatial information. Following this
statement, we expected children to be slower than adults. However, our
assumption proved to be wrong: adults did not perform significantly faster
than children. On the contrary, on some tasks the children performed even
faster than adults. We can only speculate about an explanation. Maybe
children underestimated the complexity of the task or by responding fast they
could relieve appeals to short time memory. Another explanation might be
that sighted adults try to visualize the shape they feel and that this process
takes extra time (Révesz, 1950; Gibson, 1966), while blind adults and all
children skip this strategy. Redundant information from visualizing the shape
obviously did not improve speed of performance, but apparently they needed
this extra time to reach the same level of accuracy as blind adults. The faster
performance of the blind adults may also be explained by the use of a more
efficient haptic strategy (see also Davidson, 1972).

4.4.2 Sighted versus blind participants
Despite the haptic experience blind persons have in tasks which sighted
people execute visually, we posed that the performance of blind and
sighted participants would not differ once their performance is corrected
for familiarisation. In previous studies, blind participants performed better
on the first occasion, but sighted participants improved after a training,
when they became more familiar with the task and learned which haptic
strategy was efficient in solving the task (see e.g., Davidson, 1972; Davidson
& Whitson, 1974; Grant, Thiagara, & Sathian, 2000). Since our experiment
did not include a training session, it could have been possible that the blind
participants would outperform the sighted. However, in our study we did not
find any difference on accuracy between the two groups. The practice trials
we offered to the participants, may have served as a training, resulting in
no difference in performance between blind and sighted participants. This
result was also found when adults and children were analysed separately. For
children, this result is in accordance with the results of a study of Morrongiello
and Humphrey (1994).
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4.4.3 Familiarity
We expected that performing the same task four times would only affect speed
in adults, whereas for children we thought it might affect accuracy as well as
speed of responding. However, the data showed that repeating the experiment
had only a positive effect on the response times for the dimensions ‘Exact
shape’ and ‘Volume’: all groups became faster over time. For the dimensions
‘Weight’ and ‘Texture’, only the response times of the children decreased over
the series. Accuracy did not improve after repeating the experiment. This lack
of improvement might have resulted from a ceiling effect or by the fact that no
feedback was given.

4.4.4 Speed-accuracy trade-off
The relation between accuracy and speed was studied for the total group and
within the four groups. Only one positive correlation was found for the total
group. For the dimension ‘Exact Shape’ the significant correlation was caused
by a few very slow performing sighted adults, who were also very accurate. So
differences between individuals within a group or differences between groups
cannot be explained by a speed-accuracy trade-off.

4.4.5 Individual variation
Individual variation was studied by computing correlations for the four
dimensions for both accuracy and response times, with age and visual status
partialled out. Response times for all the dimensions correlated significantly.
For accuracy, the correlations were weak and only significant in half of the
cases. Our preliminary conclusion is that, since the speed of performance is
relatively stable across tasks and since age and visual status were partialled
out, the moderately strong correlations for response times can be thought of
as individual response and learning styles: respondents react in tests of all
four dimensions with rather the same speed, irrespective of their accuracy. In
contrast, accuracy is much more dependent on the type of task, because there
was large variation in accuracy between the four tasks, and accuracy varied
largely within individuals, resulting in a lack of significant intercorrelations.
This may indicate that tactual dimensions are picked up independently and
there is no underlying capacity of the haptic system to piek up all dimensions
with the same efficiency.
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4.4.6 Comparison with the data of Lederman and Klatzky
The accuracy performance of the adults in the current study was comparable
with the participants in the study of Lederman and Klatzky (1987). ‘Texture’
was easiest to match and ‘Weight’ most difficult. When we compare the 95%
confidence interval of the data in the current study with the original data of
Lederman and Klatzky, the sighted adults included in our study performed
slightly better on all four dimensions. When we compare the Lederman and
Klatzky data with the blind adults, accuracy is within the 95% confidence
interval for three of the four dimensions. The data of the children also show a
comparable organization in difficulty level. However, ‘Exact shape’ was about
as difficult for the children as the dimension ‘Weight’. The individual variation
was quite high, which might be explained by variation in developmental
trajectories. When we compare the scores of adults in the study of Lederman
and Klatzky with the blind children all the scores are within the 95% confidence
interval. This is not the case for the sighted children: for the dimension ‘Exact
Shape’ the adult score lies just above the confidence interval.

4.4.7 Conclusion
When we compare the data of the blind children and adults with their sighted
peers, the results showed that the blind children did not perform any better
than their sighted classmates with regard to accuracy and response times. The
blind adults, however, were faster than the sighted adults on ‘Exact Shape’.
The blind adults were not significantly faster than the children in this task,
but they were more accurate. This difference may have been caused by the use
of different strategies by blind and sighted adults. Until now this is unknown
and a topic for future research.
Before the start of the study we expected the blind children to outperform the
sighted children, due to the fact that blind children receive individual tactual
training and sighted children for obvious reasons do not. Yet, the results did
not confirm this expectation. One explanation might be that blind children are
usually trained in skills other than the ones assessed in the current study. The
results also showed that in adulthood blind people become faster in solving
haptic spatial tasks in comparison to sighted people. Since object identification
and discrimination is normally much faster accomplished by vision than touch,
enhancing the speed of haptic object identification and discrimination must be
useful for blind people. A clinical implication might therefore be that it makes
sense to train these haptic skills to blind children early in childhood.
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Abstract
The study examined Exploratory Procedures (EPs) of congenitally blind and
sighted. children and adults on a haptic match-to-sample task. The aim was to
examine the influence of age, visual status, and familiarity on the use of EPs
when people haptically examine the object properties o f weight, size, exact shape
an d texture. EPs in the first and last of four series of trials were compared. The
results showed that all four groups chose the same dominant EP for examining
the four different object properties, all of them in agreement with the ones found
by Lederman and Klatzky (1987). Children were found to use more EPs than
only the most efficient EP for the dimension under study. Overall, performance
was more affected by age than by visual status and repeating the task led to
increased efficiency in all groups. To describe exploratory behaviors in more
detail Actions were introduced. Actions are single or sequential hand movements
occurring in parallel with the EPs, or apart from the EPs. The use of actions
explained, in part, individual variation among the participants.
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5.1 Introduction
Given the overt nature of tactual exploration, mental processes and cognitive
strategies can be deduced more easily from touch than from the other senses.
Typically this is done by looking at Exploratory Procedures (EPs), first described
by Lederman and Klatzky (1987) as certain types of hand movements to get
specific information about object properties. Typical patterns emerge once
people are asked about object properties, such as weight, volume, or shape.
For instance, the typical pattern for exploring the dimension Exact Shape is
‘Contour Following’, a dynamic procedure in which one or more fingers trace
the contours of an object.
In view of our clinical interest in blind children and adults, we wondered
whether blind people use the same EPs to extract information from objects. In
a previous paper (Withagen, Kappers, Vervloed, Knoors, & Verhoeven, 2012),
we compared the performance of four groups (blind adults, sighted adults,
blind children and sighted children) on accuracy and response times in a
match-to-sample task with different object dimensions (shape, weight, texture
and volume). The experimental task was performed four times to investigate
the effect of familiarization and practice. We showed that, with regard to
accuracy and response times on the four different dimensions, age was more
important than visual status. The differences between children and adults
were especially large for Exact Shape, which turned out to be significantly more
difficult for children than for adults. For accuracy, the effects of practice were
significant only for perceiving Texture. In contrast, repeating the experiment
had a significant effect on all response times, all groups became faster over
the series. There were no significant differences in performance between blind
and sighted children. The blind adults were faster than the sighted adults in
response times, especially for Exact Shape, without decreasing in the level of
accuracy. During this previous study, hand movements were recorded (but
not yet analyzed). The main objective of the current study is to investigate
whether the differences between the groups were caused by the use of different
exploratory strategies by blind and sighted adults and children.
Lederman and Klatzky (1987) studied the hand movements in a mutually
exclusive scoring system and chose to score the most prominent EP in the case
where two EPs occurred together. In a later study, Klatzky and Lederman
(1993) made predictions about the compatibility of two EPs occurring together.
To actually study this compatibility, the option of scoring simultaneous EPs
was added to the present study.
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5.1.3 Blind and sighted adults
Davidson (1972) and Davidson and Whitson (1974) compared the exploratory
behaviour of blindfolded sighted and blind adult observers when haptically
evaluating the curvature of a stimulus, which was either convex or concave.
They concluded that the blind participants were more efficient in their
haptic strategies, because they used the whole hand, whereas the sighted
participants used only two fingers. However, after a training in which the
sighted participants were forced to use the same mode of exploration as the
blind participants, the two groups produced similar results. Davidson and
Whitson (1974) concluded that with the use of the adequate haptic strategy,
sighted people can achieve the same level of accuracy as the blind in this
haptic task.
Heller (1989) also studied the influence of vision and visual imagery on
the perception of textures. His results showed that for texture there were
no differences in performance between blind and sighted adults. According
to Heller visual imagery may not be needed for substance related object
qualities, that is material properties such as texture, hardness, thermal
properties and weight, whereas visual imagery may be helpful for judgements
about geometrical properties such as shape. Grant, Thiagarajah and Sathian
(2000) studied whether the blind are superior in comparison to the sighted
in their tactile sensitivity. Initially, the blind outperformed the sighted on
a hyperacuity task where the participants were allowed to use active touch.
However, after practice, both groups performed at the same level. They
concluded that people deprived of vision do not develop supernormal touch
sensitivity, but rather learn to use it more proficiently. Goldreich and Kanics
(2003) also studied tactile sensitivity of blind and sighted people but now the
participants were only allowed to make use of passive touch. It turned out that
tactile acuity of the blind participants was significantly better than that of the
sighted participants. So it seems that tactual acuity is better in blind versus
sighted people when passive touch is used, but after practice and with use of
active touch both groups perform equally.
Several studies (Cornoldi & Vecchi, 2000; Vecchi 1998; Cornoldi, Fastame, &
Vecchi, 2003; Vecchi, Tinti, & Cornoldi, 2004; Vanlierde & Wanet-Defalque,
2004) showed that when objects are presented to blind persons, congenital
absence of visual perception does not prevent one from processing mental
images. Spatial images are probably organized differently in blind persons
in comparison to sighted persons, because they are derived from tactile and
spatial information sources.
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These kinds of mental representations can be used by blind persons in tactilespatial tasks. However, increased complexity of the task (e.g., when people
have to recall more than one single spatial pattern) has a negative influence
on the performance of blind people.
Recently, Rovira, Deschamps and Baena-Gomez (2011) let blind and sighted
adolescents perform two tasks in which two-dimensional geometrical shapes
with raised patterns had to be rotated mentally. They found that the blind
subjects performed more effectively, which was tentatively attributed to
the fact that they used multi-fingered and bimanual exploration during the
experimental task, whereas the sighted adolescents tended to prefer to use
only one hand during exploration of the objects. Furthermore, they used twice
the time to explore the objects and give their responses in comparison to the
blind adolescents.

5.1.4 Aim of the study
In previous research, it has been found that the performance on tactual
exploration tasks may vary as a result of the dimensions being studied, practice
with the task and the age and visual status of participants. However, in the
studies conducted so far, no attempt has been made to examine the initial and
repeated exploration behavior on multiple dimensions as a function of age and
visual status in one and the same design. Therefore, the present study focused
on the repeated tactual exploration of blind and sighted adults and children. The
goal of the study was to gather both quantitative and qualitative information
about the haptic strategies used by these groups. The research question was
twofold: 1) do blind and sighted adults and children choose the same EPs in tasks
concerning Exact Shape, Weight, Volume and Texture, and 2) what is the effect
of practice. The effect of practice on the use of EPs was studied by comparing
the first and last series of trials. Since no previous studies are known that have
studied the effect of practice we investigated whether the EPs change over time
(for instance, more simultaneous use of different EPs or increased use of the most
efficient EP to solve a specific task). We wanted to see whether an effect, either
a learning or fatigue effect, would arise after repeating the experiment three
times. In addition, we were also interested in the possible differences between
children and adults, blind and sighted in the use of EPs. Based on Millar’s (1997)
CAPIN theory we expected children and blind people to show more redundant
behaviors during the experiment but also that they should profit more from
rehearsals than sighted adults. To observe the hand movements in more detail,
actions were defined and scored in addition to the EPs. Actions are extra hand
movements, without distinct on- and offset times, that cannot be scored as an EP
and which the participants executed to gather extra information about an object.
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5.2 Methods
5.2.1 Participants
Sixty-one participants, 31 adults and 30 children, took part in the experiment.
Each participant belonged to one of four groups:
1

congenitally blind adults (n = 16, mean age = 38.8 , SD = 8.1; 8 females,
8 males)

2

sighted adults (n = 15, mean age = 39.4, SD = 10.7; 8 females, 7 males)

3

congenitally blind children (n = 15, mean age = 9.3, SD = 1.7; 7 girls, 8
boys)

4

sighted children (n = 15, mean age = 9.0, SD= 1.5; 7 girls, 8 boys).

Within the age groups, the blind and sighted participants were matched on
age, gender and level of education. We wanted to reduce the chance that
children did not understood the concepts of the dimensions under study and
therefore enrolled children between 7-12 years of age (mean age 9 years) in
the study. By excluding younger children we hoped to diminish the number
of children in the preoperational phase of cognitive development. The rather
large age range was necessary to enroll a sufficiënt number of participant in
the study. The blind children attended mainstream schools in the Netherlands
and Flanders and were matched with sighted classmates. The blind adults
were recruited from the social network of the first author and a website for the
blind and visually impaired in the Netherlands. Informed and written consent
was received from all adult participants and the parents of the children. The
total experiment, including practice trials took about 1 Vi - 2 Vi hours. For
the children, there was always a short break between series 2 and 3 in which
they got a drink. All adults performed the experiment without a break. The
children were tested at their own school, whereas the adults were assessed
either at home or at work.

5.2.2 Material
Four out of the nine original object sets of the study of Lederman and Klatzky
(1987), namely texture, weight, volume and exact shape, were replicated with
permission and help of the authors. All objects were unfamiliar, meaningless
and functionless objects and therefore difficult to label (see Figure 5.1). The
objects involved in this experiment had a size of 4 - 12 cm; they were too big
to enclose in one hand, especially for the children.
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Within each set the objects differed on the dimension under study and an
additional dimension with distracting information for the target dimension.
This additional dimension was the size of the objects in ‘Exact Shape’, the
material and size in ‘Weight’ and the shape of the objects in both ‘Texture’ and
‘Volume’.
For each object dimension there were 16 three-dimensional-stimuli, divided
into 4 sets. Each set comprised of one Standard object and three comparison
objects, o f which one was the best, but not identical, match to the Standard.
In total there were 64 objects (see Figure 5.1). An additional practice set was
developed for instruction and familiarization. A more detailed description of
the object sets can be found in Withagen et al. (2012).
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Figure 5.1 Object sets for the dimensions Texture (A), Weight (B), Volume (C), and
Exact Shape (D). The Standard objects are shou>?i in the first column, followed by the
comparison objects in the same row; the second object in each row is the best match.
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5.2.3 Procedure and setting
The procedure was a slightly adapted version from the study of Lederman and
Klatzky (1987) and is also described in Withagen et al. (2012). For practical
reasons four and not nine dimensions were studied. Participants were not
blindfolded but their view of the objects and their hands was blocked by a
curtain. This was done because a pilot study showed that most children were
bothered by being blindfolded. The experiment was repeated three times to
study the effect of practice and fatigue.
Participants sat at a table opposite the experimenter. The experimenter and
the sighted participants could see each other over the curtain that hung over
a stage and that blocked their view of their hands. The participants put their
hands under the curtain at the side of the experimenter where they received
the objects. Each trial started when the participant laid the back of their hands
down on the table, palms upward. Exploration started when the participant
received the object in their hand(s). To indicate the end of a trial the participant
had to lay both hands back on the table, palms up, fingers stretched.
The experimenter first presented the Standard object, which the subjects were
asked to explore for one of four dimensions: texture, weight, volume, or exact
shape. Next, the three comparison stimuli were given one after the other, and
the participants were asked which of the three matched the Standard best
with regard to the required dimension. The participants were told that there
would be no identical match to the Standard. Simultaneous comparison of the
stimuli was not possible and the participants were only allowed to explore the
objects once. There was no time limit for responding. The participants were
instructed with the following descriptions for the different dimensions. For
the dimension Exact Shape the question was: ‘What is the exact outline of a
shape? Ignore the size of the object, but concentrate only on the outline. Which
object has the same outline as the Standard, although it might be larger, thicker
or smaller?’. Texture was questioned as ‘How does the object feel on the surface.
Do not pay attention to the shape or size, but concentrate on the surface. How
does it feel, is it, for instance, soft or rough?’. The instruction for the dimension
Volume was ‘What is the size of the object? Ignore the shape, but explore the
size at all the sides of the object.’ If the participant did not understand the
instruction, extra information was given: ‘Imagine you can make a hole in the
object and fill it with water. In which object would fit about as much water
as in the Standard? Would it be number 1, 2 or 3?’. For the dimension Weight
participants were asked, ‘What is the weight of the object in your hands; does it
feel heavy or light? Compare the weight of the Standard with the other objects.’
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Every assessment started with practice trials which were intended to instruct
the participants what the dimensions meant and to make them familiar with
the match-to-sample task. During the practice trials the participants received
two trials with objects, not in the actual object-set, to practice the procedure.
Furthermore, it was checked whether the participants understood the concepts
of the dimensions they were asked to match. Immediately after the practice
trials the experiment started with four trials for each of the four sets of
dimensions; the same instruction for the dimensions was given, as described
above. Each participant received the four object sets in a randomized sequence
for a total of 64 objects. In the original study of Lederman and Klatzky, the
experiment finished after all sets were explored. Since we were interested in
the influence of familiarity and learning, we repeated the experiment three
times (all in one assessment). In total there were four series with the four
object-sets, bringing the total number of objects to be explored to 256 (4 series
x 4 dimensions x 4 trials x 4 objects). All trials were recorded on video by a
camera placed on a tripod behind the experimenter. Practice trials were not
recorded.

5.2.4 Hand movements
The hand movements were divided into two categories, ‘Exploratory
Procedures’ and ‘Actions’. Some manual behaviors could not be scored as
EPs and were therefore called Actions. ‘Actions’ are extra hand movements
are mostly constellations of hand motions which occur sometimes in parallel
with the EPs, and in other cases apart from the EPs. Some Actions convey
some obvious intentions of the participants, such as estimating size or global
perception of shape, others consist of sequences of behaviors that are not
captured by EPs (see Table 5.2). All hand movements were analysed with the
Observer XT software from Noldus (Noldus, 2008). The scoring rules for the
EPs were based on the original scoring rules of Lederman and Klatzky (1987).
A difference from the original study is that we embedded the possibility of
scoring EPs simultaneously. Both frequency and duration were scored for
EPs. Only frequency was scored for actions, since actions either lasted for very
brief periods or were sequences of different hand movements in which EPs
sometimes also occurred.
Besides the EPs Lateral Motion (LM), Unsupported Holding (UH), Enclosure
(EN), Contour Following (CF) and Pressure (PR), we scored Task Maintenance
(TM) and Unclear (UC). Under TM, all hand movements used for the benefit
of the performance of an EP were scored. The observers used UC when the
recordings were unclear or invisible for them. Lists of EPs and Actions are
shown in Tables 5.1 and 5.2, respectively.
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Five students, naive to the experimental goals, were trained in scoring by
observing the tapes of a pilot-study, until sufficiënt agreement was reached
(i.e. Cohen’s Kappa coëfficiënt above .80). The interrater-reliability was
determined by scoring the tapes of ten participants each by five different
raters. Tapes were randomly selected from the beginning, halfway and end of
the study. Reliability was determined by calculating the Intraclass Correlation
Coëfficiënt (ICC), which is also presented in Tables 5.1 and 5.2.
Table 5.1

Exploratory Procedures: description and Intra Class Correlation

Exploratory
Procedures

Description

Lateral Motion

The fingers are ru b b e d sideways on the surface of an object.

.93

Unsupported
Holding

An o b je c t is lifted a w a y from any supporfing surface and
m ain ta in e d in the han d w ithout ony effort to m ould the
hand to the o b je ct.

.99

.97

ICC

Enclosure

Both hands are put around the outer surface o f an object.

C ontour
Following

This is a d ynam ic p ro ce d u re in w hich one or m ore fingers
tra ce the contours o f an object.

1.00

Pressure

Pressure is a p p lie d to a p a rt of the object, for instance, the
o b je c t is poked or pinched.

.95

Table 5.2 Actions:

description and Intra Class Correlation

Actions

Description

ICC

Throw over

Throw the o b je c t from one hand into the other; it is often a
very smooth o p e ra tio n and re p e a te d several times.

1.00

Piek up a nd Drop

Subject picks up the o b je c t w ith one hand a n d Iets it drop
on the other hand.

1.00

Brief touch

The o b je c t is lying on the extended hand, most o f the tim e in
the position of UH; the subject only touches the o b je c t softly
to g e t a bit of inform ation (quick glance) a b o u t the o b je c t
and m aterial. This event is not scored if the subject is really
exploring or pressing on the object.

.92

Examine features

The subject is exploring features, like a hole in a ring (put
finger through).

.99

Estimating Size

Specific movements m a d e by hands or fingers w ith the goal
to measure size or distance. Typical is the folding of tw o
hands to g e th e r over the o b je c t and giving extra pressure to
g e t m ore inform ation a b o u t size. Sometimes the fingers or
palm of the hand p la y the role of a ruler; p e o p le measure
the length of an o b je c t w ith one or m ore fingers.

.95

G lobal
P ercepfion of
Shape

The subject places the fingers of one hand a t the outline
o f an object, to g e t an indication a b o u t the shape of an
o b je ct. It differs from co n to u r foltowing in th a t the co n to u r of
the o b je c t is not tra ce d .

.98
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5.2.5 Analyses
Response time was defined as the duration of the total exploration. Each
exploration started when the participant received the first object in their
hands; the exploration ended when the participant stopped exploring the
last comparison object (that is haptic exploring, not when the participant
gave the response to the question). The durations of the EPs per participant
were calculated per dimension. Because of unequal response times between
participants, relative scores were calculated by converting the durations into
a percentage of time a participant executed a specific EP. Sometimes EPs
occurred simultaneously. Analyses of the data showed that the EP predicted
by Lederman and Klatzky (1987) to solve a task best, was always involved
when two EPs occurred simultaneously. For this reason, the occurrence of
combined use of EPs with a specific dimension was indicated by adding the
plus sign to the most prominent EP. Periods in which participants were not
using EPs were scored as the category ‘Rest’. During these periods, participants
could either make hand movements used for the benefit of EPs (TM) actions or
showed undefined or unidentifiable behaviors (UC).
For ease of presentation only the results of the analyses of the first and last
series of trials will be presented. The mean number of actions was calculated
by dividing the total number of occurrences of each event by the number of
participants.
To integrate accuracy scores and response times, mean efficiency scores were
calculated per group by averaging the ratios of accuracy and response time
of all individual participants. To analyse the results on the efficiency scores,
an age (adults-children) by visual status (blind-sighted) by series (2) General
Linear Model (GLM) analysis was performed. Age and visual status were
treated as between-subjects and series as within-subjects variables. After this
analysis, analyses for both age groups separately were conducted, with visual
status as the between subject variable.

5.3 Results
5.3.1 Exploratory Procedures per dimension
Figure 5.2 shows the relative duration of EPs for the four different groups on
series 1 and 4 for the dimension Exact Shape. It can be seen that the most
important EP to gather information about the exact shape of an object is
Contour Foliowing (CF). In series 1, all four groups of participants executed
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CF more than 80% of the time during which they were exploring the object.
Apart from the sighted adults, who in series 4 still showed a high level of CF
( > 95%), the other three groups showed a shift in their exploratory behavior.
Enclosure (EN) was added as a second EP, especially by the blind children, or
in combinations of EPs (CF+).
Series 1

' E ind Adults
■ Sighted Adu'ts
□ Blind Children

I

1

Sighted Children

!

Lui

os

rw

Rest

Percentage of time Exploratory Procedures were used with the dimension
Exact Shape for the four groups for series 1 (A) and series 4 (B). CF= Contour
Following, EN = Enclosure, LM = Lateral Motion, UH = Unsupported Holding, PR
= Pressure.
Figure 5.2

For all four groups with the dimension Weight the most commonly used
EP was Unsupported Holding (UH) both in series 1 and 4 (see Figure 5.3).
Especially the children also used other EPs. In series 1, besides Unsupported
Holding, the EP Enclosure was used frequently. Note however that in series
1 the category Eest was also quite high, which means that the participants
executed other hand movements than just EPs. In series 4 the adults still
executed UH for about 80% of the time to gather information about Weight.
Both groups of children performed UH less than the adults.

o Band Adults
■ Ssghted Aduïts
□ Biind Children
o Sighted Children

Percentage of time Exploratory Procedures were used with the dimension
Weight for the four groups for series 1 (A) and series 4 (B). CF= Contour Following,
EN = Enclosure, LM = Lateral Motion, UH = Unsupported Holding, PR = Pressure.
Figure 5.3
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Since we could not judge from Figure 5.3 whether all children performed in the
same manner with regard to the dominant EP, that is Unsupported Holding,
we looked at the distribution of individual scores for this EP (see Figure 5.4).
Most adults used the EP Unsupported Holding for a considerable amount of
time during exploration of the dimension Weight. This can be seen in Figure
5.4 by the skewness to the left of the distribution of the adults. The exploratory
behaviors of both groups of adults resembled each other. However, within both
groups of children there was more variation in exploratory behaviors than
in the adult groups. This meant that the low score on the dominant EP UH
for the groups of children (see Figure 5.3) was caused by a large variation in
the percentage use of UH; some children hardly used this EP, whereas a few
children behaved like adults, that is, showed UH a large proportion of the
time.
Sighted Adults
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Blind Children

0
JQ

D

Percentage use of the EP ‘UH’
Figure 5.4 Number of participants that used the EP Unsupported Holding for a certain
percentage of time in series 4 with the dimension Weight for the different groups of
participants: A. Blind Adults (n = 16), B. Sighted Adults (n-15), C. Blind Children
(n = 15) and D. Sighted Children (n = 15).

For the dimension Volume, shown in Figure 5.5, the EP Enclosure (EN) was
performed most by all four groups. The next most used EP was CF. In series
4 there was a small increase visible in the use of combination of EPs, that is
EN+.
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Percentage of time Exploratory Procedures were used with the dimension
Volume for the four groups for series 1 (A) and series 4 (B). CF= Contour Following,
EN = Enclosure, LM = Lateral Motion, UH - Unsupported Holding, PR = Pressure.

Figure 5.5

In Figure 5.6 the proportion of EPs for the dimension Texture is shown. Lateral
Motion (LM) was the dominant EP for all four groups. However, the EPs
Pressure (PR) and Enclosure (EN) were also performed regularly in this task,
especially by both groups of children. As we were interested in how variable
the use of the dominant EP Lateral Motion was for the two groups of children,
we looked again at the distribution of individual scores. The distribution of the
scores resembled Figure 5.4; there were large differences between the children
in how often they used the EP Lateral Motion, from scarcely to very often.
Adults behaved more similar to each other, that is, most of the times they
executed LM.

LM+

Rest

Percentage of time Exploratory Procedures were used with the dimension
Texture for the four groups for series 1 (A) and series 4 (B). CF- Contour Following,
EN = Enclosure, LM = Lateral Motion,
Figure 5.6
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5.3.2 Actions per dimension
Figure 5.7 shows the mean number of actions per group performed during
exploration. Most actions occurred during the tasks Exact Shape and Weight.
The event Brief Touch, where the participants only got a quick glance of
the object was performed for all the dimensions and by all four groups of
participants, although not in the same frequency. The actions Throw Over,
Piek up and Drop and Examine Features seemed to belong to the dimension
Weight and were not observed on the other dimensions. The event Throw Over
was executed most of the time by the adults, and the event Examine Features
seemed to be more preferred by the children. The event Global Perception was
almost only performed in relation to the dimension Exact Shape; in series 4
the frequency of this event increased, especially for the adult groups.
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Throw over

■ Blind Adults

Throw over

Pickup Drop

o Sighted Adults

Pickup
Drop

W

Brief Touch

Brief Touch

Examine
Features

Estimating
size

■ Blind Children

u

Global
Perception

Sighted Children

Examine

Estimating

Global

Features

size

Perception

4

Figure 5.7 Mean number o f actions for series 1 (A) and series 4 (B) with each dimension for the four
groups of participants
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5.3.3 Comparisons with the data of Lederman and Klatzky
Table 5.3 compares the data from Lederman and Klatzky’s 1987 study and
the current study and shows the mean duration of the EPs after each question
to match the sample on one of the four dimensions. The sighted adults in
the current study bore a close resemblance with the data of Lederman and
Klatzky. This was confirmed by a significant and very high correlation for the
mean duration of EPs per object on each dimension between the students in
the Lederman & Klatzky study and the sighted adults in the current study
(r = .98, p < .01). Moreover, the correlations were also high between Lederman
and Klatzky’s participants and the other three groups in the current study,
r = 0.92 for sighted children, r = 0.91 for blind adults, and r = 0.86 for blind
children, all p ’s <0.01.
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Table 5.3 Mean duration in seconds of Exploratory Procedures for each object per
trial. Data from the study of Lederman & Klatzky with students
(L&K students, n = 11) and the four groups of participants in the current study.
Exact Shape
LM

PR

SC

UH

EN

CF

L&K students*

0.35

0.00

0.00

0.03

1.92

11.20

EPs total
13.50

Sighted Adults

0.00

0.00

0.00

0.00

0.20

13.04

13.24

Blind Adults

0.00

0.00

0.00

0.01

0.34

5.69

6.03

Sighted Children

0.10

0.00

0.00

0.00

0.40

5.31

5.81

0.04
Blind Children
0.47
5.82
0.00
0.00
0.01
5.31
[_______________________________________________________________________________________|
Weight
|
L&K students*
| Sighted Adults
Blind Adults
| Sighted Children
Blind Children

LM

PR

SC

UH

EN

CF

0.10

0.08

0.00

2.12

0.28

0.55

0.07

0.04

0.00

2.75

0.19

0.03

3.07

0.08

0.00

0.00

2.87

0.13

0.00

3.07

EPs total
3.13

0.23

0.36

0.00

2.22

1.10

0.01

3.92

0.36

0.32

0.00

3.83

1.15

0.07

5.72

[

|
Volume
LM

PR

SC

UH

EN

CF

EPs total |

L&K students*

0.20

0.01

0.04

0.07

2.61

2.15

5.08

Sighted Adults

0.06

0.00

0.00

0.07

2.79

0.59

3.51

Blind Adults

0.04

0.00

0.00

0.04

3.20

0.18

3.46

Sighted Children

0.05

0.00

0.00

0.01

2.92

0.72

3.69

Blind Children

0.02

0.00

0.00

0.10

3.18

0.73

4.02

EN

CF

Texture
EPs

LM

PR

SC

UH

EPs total I

L&K students*

3.46

0.18

0.00

0.00

0.07

0.82

4.53

Sighted Adults

3.11

0.22

0.00

0.00

0.00

0.06

3.38

Blind Adults

2.71

0.03

0.00

0.00

0.07

0.00

2.81

Sighted Children

2.71

0.54

0.00

0.00

0.38

0.12

3.75

Blind Children

2.79

0.41

0.00

0.00

0.74

0.15

4.10

*D ata based on Table 4a of Lederm an and Klatzky (1987, p. 354).
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5.3.4 Efficiency scores
To study the overall impact of EPs and actions on accuracy and response times,
for each individual an efficiency score was calculated by dividing accuracy by
response time, irrespective which EPs or actions were used (see Table 5.4).
The higher the score, the more efficient the person used his or her tactual
skills.
Table 5.4 Mean

scores per group for Accuracy, Response Times and Efficiency Scores
A ccu ra cy in %

Exact Shape

Series]

Series 4

Response Time in s

Series 1

Series 4

Efficiency*

Series 1

Series 4

Blind Adults

86

89

102

77

1.08

1.37

Sighted Adults

87

88

152

133

0.64

0.76

Blind Children

70

63

93

60

0.83

1.21

Sighted Children

63

63

97

70

0.71

0.91

Series 1

Series 4

Weight

Seriesl

Series 4

Series 1

Series 4

Blind Adults

84

88

56

52

1.70

1.90

Sighted Adults

82

83

59

64

1.65

1.42

Blind Children

63

73

93

61

0.76

1.34

Sighted Children

65

78

65

47

1.10

1.76

Series 1

Series 4

1.69

2.43

Volume
Blind Adults

Series t
86

Series 4

Series 1

Series 4

94

59

47

Sighted Adults

93

97

60

50

1.79

2.09

Blind Children

88

85

68

47

1.57

2.21

Sighted Children

82

75

63

46

1.75

1.85

Series 4

Series 1

Series 4

33

2.31

3.51

Texture
Blind Adults

Series)

Series 4

Series 1

94

100

49

Sighted Adults

97

100

53

48

2.11

2.40

Blind Children

93

93

69

44

1.47

2.41

Sighted Children

85

93

58

38

1.60

3.51

* Note that, of course. Efficiency ave ra g e d over individual participants does not e q u a l the ratio of
average A ccu ra cy and a verage Response time.

For the four dimensions, separate GLMs were performed on the efficiency scores,
with age (adults, children) and visual status (sighted, blind) as between subjects
factors and series (1, 2, 3 and 4) as the within factor. For clarity and consistency
with other tables and figures, only series 1 and 4 are shown in Table 5.4.
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For Exact Shape there was a main effect for visual status, F ig? = 12.334,
p - 0.001,
= .178. The blind participants were more efficient than the
sighted participants. There was also a main effect for series F g m = 8.815, p
< 0.001, 11*= .134. Efficiency increased over the series. Analyses for the blind
and sighted groups separately showed a main effect for series for both groups.
The blind participants, F 387 = 5.194, p = 0.002, tj*= .152, as well as the sighted
participants, F 384 = 4.783, p = 0.004, Vp- .146, became more efficient over time.
There was no main or interaction effect for age.
For the dimension Weight there was an interaction effect of age with the
repeated measurement of series, F 3m = 4.236, p < 0.006,
.069. There was
also a significant main effect for age, Fgm = 3.797, p = 0.011, }lp = .062, and
repeated measurement of series, F 157 = 15.553, p < 0.001, */ƒ= .214. Separate
analyses per age group showed that these significant results were caused by
the children. Both groups of children became more efficient over the series,
F3S4 - 10.252, p < 0.001, Vp= .268. There was no main effect for visual status. For
the adults, there were no significant main effects for repeated measurement of
series, nor for visual status.
The dimension Volume showed a main effect for series, F3 = 8.759,
p < 0.001, Y]p = .133, but not for age or visual status. All four groups of
participants became more efficient over the series.
For the dimension Texture there was a main effect for series, F3 = 22.314,
p < 0.001,
= .281 and a significant three-way interaction for series, visual
status and age, F 3in - 4.431, p < 0.005, ?/ƒ= .072. There was also a between
subject interaction for age and visual status, F, 57 = 4.667, p < 0.035, ^p= .076.
For the sake of clarity we analysed the data further for the two age groups
separately. These analyses showed a repeated measurement effect for the
group of children, F3g4 = 11.179, p < 0.001,
.285; both groups of children
became more efficient over the series. The analysis of the adults also showed
a main effect for series, F 387 = 15.334, p < 0.001, 7p = .346, and a significant
interaction effect for visual status by the repeated measurement of series,
F3g7 = 4.879, p = 0.003, rlp= .144. Separate analyses for the adults showed only
a repeated measurement effect of series for the blind adults
F345 = 15.856, p < 0.001, f]2
p = .514.
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5.4 Discussion
The current study elaborated on our previous study in which we examined
accuracy and response times of blind and sighted adults and children in a haptic
match-to-sample task (Withagen et al., 2012). In that study, adults were found
to be more accurate on all four dimensions but not always faster than children.
In the present study, we looked at the EPs and the participants’ efficiency
during performance of the haptic match-to-sample task. All four groups of
participants used the same EP to solve a specific task, in agreement with the
study of Lederman and Klatzky (1987). However, the children also executed
other EPs for the same dimension. Despite the extra hand movements, both
groups of children became more efficient over 4 series on all four dimensions.
The adults only increased significantly in efficiency on the dimensions Volume
and Texture. Below, we will discuss the three aims of the study separately,
namely differences in exploratory behavior of children and adults, differences
in the manual exploration of blind and sighted participants, and the influence
of practice, that is repeating the experiment.

5.4.1 Exploratory behavior of children and adults
A similarity in the behavior of children and adults is the fact that they executed
the same EP when information was asked about a specific dimension. The
finding that children are able to execute the same EPs as adults is in line with
the results of Kalagher and Jones (2011), who concluded that children produced
adult-like EPs and matched the sample objects correctly to the Standard on
the different dimensions. Moreover, we found that both children and adults
used some additional EPs, sometimes alone and sometimes in combination
with the dominant EP. Noticeable was the fact that within a combination of
EPs, all groups generally chose a combination which involved the dominant
EP for that dimension. The fact that EPs could be performed simultaneously
is in line with Klatzky and Lederman (1993), and Klatzky, Lederman and
Reed (1989, 1993), but in contradiction to Hatwell (2003), who stated that the
EPs cannot be executed simultaneously, but must be performed successively
because they are not compatible from a motoric viewpoint. The simultaneous
use of EPs, as predicted by Klatzky and Lederman (1993), did not occur very
often during this experiment, but still they did.
The percentage of time that children and adults spent on executing the dominant
EP was found to vary substantially. Some children resembled adults in their
exploratory behavior, while others used a lot of different EPs and manipulations,
which could not be scored as the EPs described by Lederman and Klatzky (1987).
This occurred especially on the dimensions Weight and Texture.
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These manipulations, involved motions to maintain an object in a certain
position or to reorient it for further examination (scored as TM) or unclear
motions which could not be interpreted as EPs or were visually unclear
(UC). According to Millar (1994), children need to collect more redundant
information about objects for proper use or identification of the objects and
for this reason they will show more exploratory behavior. The extra hand
movements are also understandable from a developmental perspective. To
learn about the different dimensions of objects, children have to experiment
more with objects than adults because they lack experience with the different
dimensions (Gibson, 1966; Hatwell, Orliaguet, & Brouty, 1990; Flavell 1977;
Gibson 1988; Schaffer, 2002). Therefore, one could expect that the children
used more actions, since this is also a way to gather some extra information
about objects. However, the results of the present study did not show more use
of actions by the children in comparison to the adults.
The actions should be interpreted as extra hand movements a participant
executes to obtain more specific information about object properties or the
stimulus itself. Certain actions concern sequences of hand movements in which
EPs are involved, such as ‘Throw over’, which starts with the EP ‘Unsupported
Holding’, followed by the action of throwing the object into the other hand, and
then again the EP ‘Unsupported holding’. To score this total range of hand
movements as an ‘action’ gives extra insight in the additional hand movements
participants performed when exploring objects. A more stimulus driven action
is ‘Examine Features’, since the object itself (for instance a hole in an object
or a round object that can roll) evoked this behavior. Although provoked
by different kind of objects not used in the current study the EP ‘Function
Testing’, described by Lederman and Klatzky (1987, p. 347) resembles this
action. An action observed in all four groups and in all four tasks was ‘Brief
touch’. This action can be seen as a ‘quick glance’ to extract information from
an object (Klatzky & Lederman, 1995). On the dimension Weight, the adults
also executed other actions, such as ‘Throw over’ and ‘Piek up and Drop’,
whereas children rarely produced these actions. One can think of several
reasons to explain this difference. Since from a physiological viewpoint the
full maturation of the hands and its functions takes about two decades (Jones
& Lederman, 2006) and involves fine motor movements and the coordination
of both hands (Hatwell, Orliaguet & Brouty, 1990) ‘Throw over’ as well as ‘Piek
up and Drop’ might be a more mature motor and perceptual strategy to learn
about the weight of objects. Moreover, the relatively small size of children’s
hands make throwing over a difficult manipulation. Besides that, it might be
necessary to practice or to learn about these actions by direct instruction or
imitation before children are able to perform them well.
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There was one action that was performed more by children than adults and
that was ‘Examine Features’, but only on the dimension Weight. One could
speculate that special features are affordances that evoke exploratory and
playful behaviors in children more than they do in adults. Another explanation
is that children in general perform more irrelevant behaviors than adults,
since Hatwell, Orliaguet and Brouty (1990) observed that young children tend
to include non-pertinent cues in their haptic explorations.

5.4.2 Exploratory behaviors of sighted and blind people
The blind and sighted participants resembled each other in the choice of EPs
and actions on the four different dimensions. This means that in the absence of
sight blind people develop the same EPs to explore specific object properties as
sighted people. The presence of visual abilities is apparently not a necessary
condition to develop and conduct specific EPs.
Moreover, both groups of children already use adult like EPs to explore tactile
dimensions. It seems that exploratory strategies depend more on the instruction
than on whether a person is blind or sighted’. This is in accordance with the
conclusion of Lederman and Klatzky (1987) that specific EPs are mostly
necessary (and not just optimal) to perform a certain task. The difference in
behavior between blind and sighted participants lies in the efficiency of the
execution of some hand movements. Especially the congenitally blind adults
were significantly more efficient in comparison to the sighted adults on the
dimensions Exact Shape and Texture. In the execution of these specific haptic
tasks, congenitally blind adults might profit from the fact that because of the
lack of visual experience they always carried out these tasks tactually. On the
dimension ‘Exact Shape’, the blind adults outperformed the sighted; they were
more efficient, mostly because they used less time to execute EPs to achieve the
same accuracy as the sighted adults. This might be explained by the advanced
use of haptic strategies in which more fingers are involved in producing the
EP Contour Following (Rovira, Deschamps, & Baena-Gomez, 2011). It is also
the intensive usage of touch that makes it possible to develop special haptic
competencies (Heller, 2000). Another possibility is that touch experiences may
contribute to a change in brain activity, as was already mentioned by Vygotsky
(see Rieber & Carton, 1993), and higher efficiency in haptic shape recognition
by blind adults in comparison to sighted adults. Another explanation for the
more efficient execution of the exact shape-task by the blind could be the
enhanced spatial attention mechanisms in blind people (Feindsod, Bach-yRita, & Madey, 1973; Röder, Rösler, & Henninghausen, 1997; Röder, Rösler,
Henninghausen, & Nacker, 1996). Research confirmed that blind persons need
shorter discrimination times on spatial tasks due to these mechanisms.
Within the group of children we did not find this difference in efficiency,
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which could suggest that this attention mechanism and efficient use of fingers
develops over time.
For children there was a significant difference in performance between the two
visual status groups on the dimension Weight. The sighted children were more
efficient on this dimension than the blind; this is due to the longer response
times of the blind children compared to the sighted children, especially in
series 1. An explanation could be that most blind children are explicitly taught
to identify objects first. In the current experiment, they had to ignore this
prominent feature. However, the results showed that the advantage of the
sighted persons in comparison to the blind on the dimension Weight seems
to disappear over time, since within the group of adults we did not find a
significant difference in efficiency.

5.4.3 Influence of practice during the trials
With practice there was a decrease in the rest category of EP’s in series 4.
On all dimensions there was a slight increase in the use of combined EPs
and the use of an EP other than the dominant. Hand movements scored in
the category ‘Rest’ diminished over the series and in series 4, 95% or more
of the time EPs were carried out. Especially on the dimension Weight there
was a large decrease in the category Rest (on average from almost 20% to
5%). The increased use o f the dominant EP caused a significant improvement
in efficiency for all four groups between series 1 and 4 for the dimensions
Volume, Exact Shape and Texture. The children, but not adults, also improved
their performance on Weight. Possibly, during the fourth series they were less
distracted by all the new affordances of an object (Gibson, 1966; Hatwell, 2003;
Warren, 1994), which they could not ignore in the first series. Furthermore,
practice might lead to more redundant information (Millar, 1994), and as a
result also led to a more efficient exploration.

5.4.4 Conclusion
All four groups of participants executed the same dominant EP to gather
information about a certain object dimension. The choice of the EP was
determined by the sensory information they were searching for. Lederman and
Klatzky (1987) already stated that task instruction immediately influences
the way of exploring. All groups improved their exploratory behavior during
practice. In general, the differences in exploratory behavior were more affected
by age than visual status.
Only for the dimension Exact Shape there were differences in the efficiency of
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the hand movements between sighted and blind adults, in the advantage of
the latter group. This might be explained by the haptic experience and more
advanced EPs in shape perception by the blind participants (Heller, 2000;
Hatwell, 2003: Rovira, Deschamps, & Baena-Gomez, 2011). Between the two
groups of children, there was only a significant difference in performance on
the dimension Weight. However, the present study can only be seen as a first
step in uncovering the variation in exploration behavior in blind and sighted
participants at different age levels. To make a next step, it is important to
conduct follow-up in-depth observational studies to further examine the
individual variation in the execution of exploration tasks as a function of age
and visual status.
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Abstract
There is euidence that blind people may strengthen their memory skills to
compensate for absence of vision. However, which aspects of memory are
involved is open to debate and a developmental perspective is generally lacking.
In the present study, we compared the Short Term Memory (STM) and Working
Memory (WM) o f 10-year-old blind children and sighted children. STM was
measured using digit span forward, name learning, and word span tasks; WM
was measured using listening span and digit span backward tasks. The blind
children outperformed their sighted peers on both STM and WM tasks. The
enhanced capacity of the blind children on digit span and other STM tasks
confirms the results o f earlier research; the significcintly better performance of
the blind children relative to their sighted peers on verbal WM tasks is a new
interesting finding. Task characteristics, including the verbal nature o f the WM
tasks and strategies used to perform these tasks, are discussed.
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6.1 Introduction
The touch, memory, and attention skills of blind people have been found to
compensate for the absence of vision (Cattaneo & Vecchi, 2011; Warren, 1978).
In recent studies, the Short Term M emory (STM) performance of blind persons
on verbal tasks was found to be superior to that of sighted people on the same
verbal tasks (Huil & Mason, 1995; Pring, 2008; Raz, Striem, Pundak, Orlov,
& Zohary, 2007; Röder & Rösler, 2003; Swanson & Luxenburg, 2009; Warren,
1994). The research findings for Working Memory (WM) are inconclusive,
with most researchers finding no differences between blind and sighted people
(Cornoldi & Vecchi, 2000; Rokem & Ahissar, 2009; Swanson & Luxenburg,
2009). Very few studies have been conducted with children, and only one study
has compared STM and WM task performance (Swanson & Luxenburg, 2009).
Therefore in the present study the scope was on difference in STM and WM
performances of blind versus sighted children.

6.1.1 Bistinction between Working Memory and Short Term
Memory
The distinction between WM and STM can be viewed as gradual. WM has been
described as an active system for holding and manipulating information over
brief periods of time during the course of ongoing cognitive activities. STM is a
more passive system in which information can be stored for a very brief period
of time. Working memory (WM) is considered to be an active process that
holds ongoing information, whereas the STM is a passive short term store.
The WM makes more demands on the central executive system — the system
that Controls attention — than STM. Research has consistently demonstrated
significant relationships between WM and cognitive abilities, such as reading
comprehension (Daneman & Carpenter, 1980, 1983), reasoning (Kyllonen &
Christal, 1990) and general intelligence (Daneman & Tardif, 1987).
According to the multicomponent model of Working Memory developed by
Baddeley and Hitch (1974) and Baddeley (1986, 2003a, 2003b), WM can
be divided into three subsystems: the phonological loop that allows for the
temporary storage of verbal and acoustic information, the visuospatial
sketchpad that allows for the storage of visual-spatial information for a short
period, and the central executive system that is attention driven with limited
control in direct contact with the phonological loop and visuospatial sketchpad
and also responsible for coordinating activity. More recently, Baddeley (2000,
2003a, 2003b) introduced a fourth subsystem, namely the “the episodic
buffer” which is a limited capacity system that depends heavily on the
executive processing, but which differs from the central executive system in
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being primarily concerned with the storage of information rather than witb
attentional control. The episodic buffer binds information from different
sources together into chunks of episodes. In this multicomponent model, there
is a distinction between the central executive system and the specific storage
systems (Phonological loop and Visuospatial Sketchpad). Within Baddeley’s
model, STM is separate from Long Term Memory (LTM) and characterized —
as already stated — by information being stored for only seconds (i.e., temporal
decay) and a limit on the number of chunks of information that can be stored
(Baddeley, 2000; Baddeley & Logie, 1999). STM differs from WM in that WM
allows not only the short term storage of information but also the simultaneous
manipulation of the information being stored and other information to support
a cognitive activity.
In research with adults, it has been found that WM tasks make more demands
on the central executive or controlled attention component than STM tasks
do (Engle, Tuholski, Laughlin, & Conway, 1999). According to these authors,
STM and WM should therefore be thought of as distinct but highly interrelated
systems. In studies with children different results are sometimes found. Hutton
and Towse (2001), for example, have argued that the distinction between STM
and WM tasks in adults may not be valid for children. They suggested that
task characteristics and problem-solving strategies may determine whether
a task measures STM or WM. They also call for a more complete description
of the range of retention strategies and task characteristics in order to better
understand the relations between memory tasks. Camos and Barrouillet (2011)
studied the developmental shift in children from the passive maintenance to
the active refreshing strategy in working memory. They found that cognitive
activities in young children (aged 6 and 7 years) are directly mapped onto
the structure of the working memory span tasks presented to them. Older
children develop an increased capacity to control attention and they are
allowed to deviate attention during the processing periods. So the performance
on working memory tasks steadily improves during childhood, which might be
explained by changes in strategy.

6.1.2 STM and WM in blind versus sighted adults
The memory performance of adult blind people has been investigated in
several studies and their STM has been found to be superior to that of sighted
people (Pring, Freestone, & Katon, 1990; Raz, Striem, Pundak, Orlov, &
Zohary, 2007; Röder & Rösler, 2003). Raz et al. (2007) suggested that blind
people possess a superior memory for serial information in particular. In their
study, blind people outperformed sighted people on a word recall task and the
advantage of the blind over the sighted was even larger for the recall of longer
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sequences of words. In an fMRI study, Amedi et al. (2003) found superior
verbal memory performance for blind adults compared to sighted adults. The
verbal memory task consisted of a pair association recall test, which involved
recalling details of a story just heard, and a digit-span task. When Rokem and
Ahissar (2009) compared congenitally blind individuals to matched sighted
individuals, they found the blind to outperform the sighted on two STM tasks,
namely a Standard digit-span task and a task requiring respondents to repeat
sequences of pseudowords.
The aforementioned studies all involved STM tasks and showed blind people
to perform better than sighted people. However, on more complex tasks
involving WM, the findings are less consistent. In a task in which participants
listened to a series of tones and were then asked to decide if the first and
last tones were the same or not, Wan et al. (2010) found no differences in the
performances of blind versus sighted individuals. Rokem and Ahissar (2009)
found blind participants to outperform sighted participants on two STM tasks,
but overlapping STM spans when noise was added to the tasks. Stevens and
Weaver (2005) found early blind participants to indeed perform significantly
better on an auditory backward masking task than sighted participants. The
task involved discriminating between two stimuli, with a backward mask
presented at various delays after the second stimulus. The results showed the
early blind participants to require less time to form a stable representation
of the stimulus. According to Cattaneo and Vecchi (2011), this finding can be
interpreted as an indication of enhanced auditory WM capacity in individuals
who are blind from birth.

6.1.3 STM and W M in blind versus sighted cfaildren
Previously mentioned studies concerned blind adults. Only a few studies
have examined the memory performance of blind children. The results of the
scarce literature point in the same direction as those for adults: blind children
outperform sighted children on STM tasks. When Smits and Mommers (1976)
compared blind versus sighted children on a digit span task, they found better
performance for the blind. Huil and Mason (1995) assessed a large group of
blind children (n=314) using a digit span test that allowed comparison to the
standardized WISC-R values obtained for sighted children. The blind children
had — at best — light perception and performed significantly better than the
sighted children. The group of late blind children with more than just light
perception did not perform significantly better than the sighted children.
When Dekker (1993) compared children with and without usable vision on
different tasks, she found the blind children to outperform the children with
usable vision on not only verbal memory tests but also on school achievement
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tests requiring writing accuracy and technical reading. In still other research,
Pring (2008) and Pring and Goddard (2003) followed the performance of blind
versus sighted children and adults on several STM tasks across a period of 20
years and found superior memory performance for the blind participants. And
most recently, Swanson and Luxenberg (2009) showed blind children (mean
age: 11.5 years) to outperform sighted children on STM tasks but not on WM
tasks. According to the authors of this study, the blind children perform better
than sighted children on tasks that involve the phonological loop but not on
tasks that involve the executive system.

6.1.4 The present study
Research suggests superior performance of blind children and adults on
STM tasks but not WM tasks when compared to sighted children and adults.
However, the classification of the tasks used in much of this research as STM
or WM tasks can be disputed in terms of current theory regarding human
memory. In the present study, we therefore adopted Baddeley’s detailed
theoretical framework to compare the performances of blind versus sighted
children on STM versus WM tasks. For STM, we used learning names, digit
span forward, and a word span task; for WM, we used a digit span backwards
and listening span task. We asked ourselves the following questions:

1

How do the STM and WM abilities of blind versus sighted children differ?

2

To what extent do the STM and WM abilities relate within the two groups
of children?

6.2 Methods
6.2.1 Participants
Both congenitally blind children without residual vision in regular schools
in the Netherlands or Flanders and sighted classmates participated in the
present study. The blind children all read Braille, had Dutch as their native
language, and were in mainstream education. The control group consisted
of sighted classmates of the blind children with the same educational level
as determined by their teacher on the basis of their reading, writing, and
arithmetic performance.
The selection of children was based on annual achievement scores. Children
were only included when their intelligence score was within the normal range.
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The blind children were tested using the Blind children Learning Aptitude
Test (BLAT) (Mason, 1991; Newland, 1969). The BLAT is a culturally
independent test for visually impaired children and can be used for different
purposes, including screening and the prediction of academic skills. The testretest reliability of the BLAT is r = .87. The sighted children were tested using
the RAVEN Standard Progressive Matrices (Raven SPM) (Raven, 2006). The
internal consistency of this test of intelligence is a = .90. Correlations with other
western general cognitive capacity tests are in the range of .70 to .80. Like the
BLAT, the Raven SPM is culture free. The group of congenitally blind children
(n=14; 7 boys, 7 girls) had a mean age of 10.71 years (SD= 2.01). One sighted
classmate was not available for testing due to illness. The remaining sighted
children (n=13; 7 boys, 6 girls) had a mean age of 10.08 years (SD^l.55). The
age of the groups did not differ significantly, t = .92, df = 25, p = .369.

6.2.2 STM and WM measures
To the extent that this was possible, tasks that were used in previous studies
to measure the STM and WM of children were used in the present study. If the
task was not available in Dutch or not suited for the age range in our study, a
comparable task was sought.

6.2.2.1 Short Term Memory
Digit Span Forward (subtest of the W ISCIII intelligence test; Wechsler, 2005).
In this task, the children are dictated sequences of digits, which they must
then repeat in the same order. The first sequence begins with two digits; the
sequences then increase one digit at a time, with two trials for each number of
digits. Testing stops when the participant fails on both trials for a particular
number of digits. All correctly repeated sequences are counted to determine
the raw score. This test is a classic STM task (see Swanson & Luxenberg,
2009).
15 Words Test for Children (Kingma & van der Burg, 1999). In this task, the
experimenter reads 15 words aloud. There are no logical connections between
the words. The respondent must then recall and repeat the words that they
remember. This procedure is repeated four times using the same words in the
same order. The raw score is the number of words recalled correctly across a
series of five. More information about the content of this test can be found in
Appendix A.
Learning Names (subtest of the Intelligence Test for Visually Impaired
Children, ITVIC; Dekker, 1993). The sighted children in our study were
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blindfolded for this task. The experimenter presents 14 abstract objects and
labels them with boys’ names or animal names, which the children are asked
to learn. After presentation and labeling by the experimenter, the children
are again presented the 14 objects in two series (2 x 14 objects) and asked to
name the objects after touching them. When the child fails to give the correct
name for an object during the presentation of the first series, the experimenter
provides the correct name. No correction is given during the presentation of
the objects in the second series. The child’s raw score is the number of correct
answers. A photo of the objects together with their names can be found in
Appendix B.

6.2.2.2 Working Memory
The WM tasks in our study were chosen using the same requirements as
Swanson and Luxenberg (2009) used. In all cases, the participants had to
remember increasingly more complex information (e.g., increasingly longer
lists of numbers, tasks containing both a memory and processing element) in
WM, and had to retrieve information by answering questions about this stored
information. The number of correctly remembered items is a direct measure
of WM span during the processing of other information (see also Daneman &
Carpenter, 1980).
Listening Span Task. This task is based on the listening span task as originally
designed by Daneman and Carpenter (1980) and adapted for Dutch by van der
Sluis, van der Leij and de Jong (2005). The experimenter reads sentences that
can be either true or false out loud; for instance, “Fishes bike in the sea.” After
hearing two sentences, the participant is asked to repeat the last word of both
sentences and teil the experimenter whether the sentences are true or false.
The number of sentences increases from two to five sentences, with three sets
of sentences presented for each level of difficulty. When the participant is
unable to recall the last words for two tests with the same level of difficulty in
the right order, testing is terminated. The child’s raw score is the number of
correct answers. The sentences used in this test can be found in Appendix C.
Digit Span Backward (subtest of the WISC III intelligence test; Wechsler,
2005). Participants are dictated a series of digits, which they then have to
repeat in reverse order. The sequences begin with two digits and increase one
digit at a time, with two trials for each number of digits. Testing is terminated
when the participant fails both trials for a particular number of digits. The
number of sequences correctly repeated in reverse order is the child’s raw
score. St Clair-Thompson (2010) has reported this test to be a WM test for
children but a STM test for adults. Given that we were studying children, we
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considered the test a WM test (see also Swanson & Luxenberg, 2009).

6.2.3 Procedure
All of the children were tested individually in either their home or a quiet room
at their school. The total assessment took about 90 minutes. The order of task
administration was the same for all participants: 15 Words test, Intelligence
test (BLAT/RAVEN), Digit Span Forwards, Digit Span Backwards, Listening
task, and Learning Names.

6.2.4 Data analysis
For all of the memory tasks, composite scores were calculated by transforming
the raw scores into 2 -scores and averaging the scores for the separate subtests.
The composite score for STM was composed of the Digit Span Forward task,
15 word test, and Learning Names task scores. The composite score for WM
was composed of the Digit Span Backwards task and Listening Task scores.
Significant group differences were tested for using t-tests and repeated
measures ANOVAs. To compute the relations between the WM and STM
abilities of the two groups, partial correlations were computed with age
partialled out.

6.2.5 Reliability of testing
Reliability was determined by calculating the Cronbach alpha’s coëfficiënt for
the internal consistency of the composite scores. The internal consistency for
all of the subtests was a =.87; for the STM Composite score a =.80; and for the
WM Composite score a =.60. Note that coëfficiënt alpha for the WM Composite
score was calculated for only two subtests.

6.3 Results
The scores for the different subtests, the STM Composite scores, and the WM
Composite scores are shown in Table 6.1. A 2x2 repeated measures ANOVA
was carried out with visual status (Sighted, Blind) as a between-subject factors
and type of task (STM, WM) as a within-subject factor. The data showed no
significant effect of type of task. However, there was a main effect of visual
status, F(l,25) = 26.733, p <.001,
= .517. Compared to the sighted children,
the blind children performed significantly better on both STM tasks, F(1,25) =
35.04, p <.001, n2
p = .584, and WM tasks, F (1,25) = 15.976, p =.001, >/p2 = .387.
All separate t-tests confirmed the significant differences between groups (see
Table 6.1).
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Means and Standard Deviations for tests of STM and WM in blind versus
sighted children
Table 6.1

Tasks

Blind (n=14)

Sighted (n=13)

M

SD

M

SD

Digit Span Forward

10.71

1.98

8.92

1.66

2.54

.018

15 Words

58.79

8.03

42.77

6.88

5.544

<.001

Learning Names

23.07

3.50

14.54

4.50

5.524

<.001

.61

.48

-.66

.63

5.919

<.001

Digit Span Backwards

6.71

2.27

4.46

1.33

3.116

.005

Listening task

6.00

1.52

4.23

1.48

3.061

.005

.50

.73

-.54

.60

3.974

.001

t (df=25)

P

M em ory

STM Com posite

WM Com posite

!i

When age and visual status were both controlled for and the partial correlation
between the WM Composite scores and STM Composite scores was calculated,
a significant correlation was found (r = .76, p < .001). When only age was
controlled for, significant partial correlations between the WM Composite
scores and STM Composite scores were again found for both groups of children:
blind children r - .77, p = .002; sighted children r = .78, p = .003.
Whether or not IQ related to memory performance was checked by correlating
the children’s IQ scores with their memory scores. Given that different IQ
measures were used for the blind versus sighted groups of children, these
analyses were conducted separately for each group. No significant correlations
between IQ and memory performance were found.

6.4 Discussion and conclusions
The present study investigated the performance of blind versus sighted children
on various STM and WM tasks. We found significantly better performance
for the blind children relative to the sighted children on all memory tasks,
both STM and WM. This finding is in line with those of Raz et al. (2007) who
suggested that visually impaired individuals have superior memory abilities
because they have trained themselves serial strategies to compensate for
the absence of visual information. This superior ability is further thought
to be the result of actual brain reorganization in blind people, whose brains
become more adapted to spatial, sequential, and verbal information (Cornoldi
& Vecchi, 2000). Although the participants in our study were children, the
reorganization of their brains may already have taken place — at least in
part. Lacking sight, blind children must develop serial strategies to identify
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objects in the environment and remember this information along with route
information (Millar, 1994). According to Raz et al. (2007), blind people exercise
their memories more often than sighted people. This hypothesis is confirmed
by the results of other studies showing superior STM and LTM skills in blind
adults relative to sighted adults (e.g., Röder & Neville, 2003; Röder & Rösler,
2004). This superiority is already visible in blind children around the age of
11 years.
That blind children outperform sighted children on STM tasks and especially
verbal tasks confirms the results of earlier studies (Huil & Mason, 1995; Pring,
2008; Swanson & Luxenburg, 2009). New in our study is the finding that blind
children also outperform sighted children on WM tasks. The fact that the
blind children outperformed the sighted children on both STM and WM tasks
in the current study but not in previous studies could relate to the type of
memory tasks used. Particularly WM tasks can vary with regard to whether
they measure only auditory-verbal capacities or also spatial-tactile capacities.
Verbal memory abilities and strategies seem to improve particularly in the
absence of sight. According to Hötting and Röder (2004) and Hötting, Rösler,
and Röder (2004) reduced multimodal input in blind individuals can enhance
their processing of unimodal input. In the present study, only verbal tasks were
used to measure WM, which might explain the better performance of the blind
children relative to the sighted children. Blind children may further benefit
from the fact that verbal input is by definition sequential. In the absence of
vision in individuals who are blind, there is a considerable dependence on
auditory-verbal information and the sequential processing of information may
be particularly well-developed. In addition to this, the main sensory channel
for blind people to obtain information is touch. When blind individuals explore
objects that cannot be held in two hands, they typically gather information
about the object via successive exploratory movements (Hatwell, 2003; Revesz,
1950). The tactual processing and encoding of information is thus sequential by
definition while visual processing is simultaneous. A training effect of learning
to read Braille instead of print may also enhance the processing of sequential
information among the blind. Understanding Braille requires the sequential
encoding of input (Millar, 1997a, 1997b). The graphemic information encoded
by Braille letters comes to the reader character by character, and the reading
of Braille is known to be much slower on average than the reading of print
letters.
The classification of a task as a measure of STM or WM is often ambiguous at
best, which may explain conflicting results from the past. In the present study,
for example, the subtest Digit Span Backwards was considered a WM task.
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Swanson and Luxenberg (2009) combined digit span forward and digit span
backward to form a STM task in their first experiment but considered digit
span backward a measure of WM in their second experiment. It is also not
just the task itself but also the way in which the actual task is solved which
determines whether a task should be considered a measure of STM or WM. St
Clair-Thompson (2010) showed that in children digit span backward should
be considered a measure of WM because in children — but not in adults — the
central executive system is also involved in the performance of this type of
task. More specifically, the transposition of order calls for the involvement of
executive attentional control and processing of information. Ideally, in future
studies, other types of WM tasks should be used but obviously in separate
testing sessions in order to avoid fatigue.
According to Engle et al. (1999), STM and WM can be expected to be highly
intercorrelated in verbal tasks. This was confirmed by the present results,
which showed significant and high correlations between the composite STM and
WM scores for both the blind and sighted children. As already mentioned, this
might be due to the specific type of WM task, which measured predominantly
sequential verbal abilities. A possible next research step is therefore to study
the strategies used spontaneously by blind versus sighted children on memory
tasks. Neither in the current study nor in previous studies of the memory
performance of blind versus sighted respondents were their strategies for
remembering studied explicitly. Information on the strategies adopted can
provide insight into the pathways blind and sighted children use to solve the
tasks.
An unresolved question is whether blind children are also better in memory
tasks when the incoming information is not unimodal and therefore calls
upon both auditory and spatial capacities. According to Raz et al. (2007),
blind people train their memories as part of recognizing objects. The Learning
Names subtest in the current study indeed showed this to be the case: The blind
children outperformed the sighted children on this task. In addition to having
enhanced verbal memory capacities, blind people may also have enhanced
tactile-spatial capacities that they use for object exploration. Recently, crossmodal research compared the storage of tactual-spatial and visual-spatial
input and the possibility of blind people to have visual imagery (e.g. Cattaneo,&
Vecchi, 2011; Ohara, Lenz, & Zhou, 2006; Ricciardi, Bonino, Gentili, Sani,
Pietrini, & Vecchi, 2006). Findings suggested cross-modal connections for
other sensory input where visual input is normally stored. These apparent
predispositions for the processing of information may nevertheless depend
upon the type of task.
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In an earlier study in which we performed tactual experiments with the same
group of blind and sighted children as in the present study but also with blind
and sighted adults (Withagen, Kappers, Vervloed, Knoors, & Verhoeven,
2012), the visual status of the participants did not affect the accuracy of their
performance. However, age played a significant role, to the advantage of
the adults who performed better than the children, irrespective of whether
they were blind or sighted. Which specific WM tasks are performed better by
blind as opposed to sighted children should be determined in future research
in addition to whether the phonological loop or verbal abilities are always
involved in the performance of these tasks or not.
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Appendix A
15 Words Test
Dutch

English

1

gordijn

curtain

2

vogel

bird

3

potlood

pencil

4

bril

glasses

5

winkel

shop

6

spons

sponge

7

rivier

river

8

kleur

color

9

fluit

flute

plant

plant

10
11

koffie

coffee

12

stoel

chair

13

trommel

drum

14

schoen

shoe

15

lucht

air
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Fig. 6.1 Photo o f the objects used in the Learning Names subtest o f the ITl^IC

Dutch

English (we h a ve not translated the boy.s names)

1

Piet

Piet

2

konijn

rabbit

3

Klaas

Klaas

4

Frank

Frank

5

vlieg

fly

6

vlinder

butterfly

7

Kees

Kees

8

Ton

Ton

9

hond

dog

10

mug

mosquito

11

poes

puss

12

Ja n

Ja n

13

vogel

bird

14

Hans

Hans

j
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Appendix C
Listening Span Task
Dutch
Oetenopgave

English
Exercise question

IA Een kleine kip heet een kuiken
1B Vogels vliegen in de zee
IC Melk is wit, een banaan is rood
Als je moe bent ga je naar bed

A little chicken is called a chick
Birds fly in the sea
Milk is white, a banana is red
If you are tired, you go to bed

2A De kleur van gras is geel
Rekenen en lezen leer je op school
2B Bij voetbal schopje tegen een bal
Lopen gaat langzaam, rennen gaat snel
2C Als je ziek bent ga je naar bed
In de lente vallen de blaadjes van de boom
3A Koeien slapen in de stal
Na zeven komt acht en na negen komt vier
Een appel is groen, een citroen is rood
3B Overdag schijnt de maan

The color of grass is yellow
You learn to read and count at school

3C

4A

4B

4C

5A

5B

De olifant is een groot dier
Een mus is een vogel
Poezen drinken graag melk
In de winter is het warm
Slapen doe je in een bed
Soep eet je met een vork
Met een boot vaar je op zee
Vlechten draag je in je haar
Water is nat, ijs is warm
Aardbeien zijn rood, sneeuw is wit
Iemand die rijk is heeft veel geld
Vissen fietsen in de zee
Mensen hebben twee oren en een mond
Een blokje is vierkant, een bal is rond
De zoon van een koning heet een prins
Een koe legt een ei
Een tomaat is wit, sla is groen
We eten met mes en vork
Stenen zijn hard
In de winter schaats je op de straat
Een man is groot, een kind is klein
Het klein paard heet een kalf
Een slak is langzaam, een haas is snel
Ik heb vijf tenen aan mijn voet

In de zomer draag je een muts
Kijken doe je met je mond
Knippen doe je met een vork
5C Het kleine koe heet een kalf
De aarde is zwart, de lucht is geel
Een appel is een dier
Ik heb vijf vingers aan mijn hand
Vliegen doe je in een boot
144

In soccer, you kick a ball
Walking goes slow, running goes fast
If you're sick, you go to bed
In the spring, the leaves fall from the trees
Cows sleep in the barn
After seven comes eighl and after nine comes four
An Apple is green, a lemon is red
During the day, the moon shines
An elephant is a big animal
A sparrow is a bird
Cats like to drink milk
In the winter, it is warm
You sleep in a bed
You eat soup with a fork
You sail with a boat in sea
You wear braids in your hair
Water is wet, ice is warm
Strawberrie5 are red, snow is white
Someone who is rich has a lot of money
Fishes bike in the sea
People have two ears and a mouth
A block is square, a ball is round
The son of a king is called a prince
A cow lays an egg
A tomato is white, lettuce is green
We eat with a knife and fork
Stones are hard
During the winter, you skate on the Street
A man is big, a child is little
A little horse is called a calf
A snail is slow, a hare is quick
1have five toes on my foot
During the summer, you w ear a hat
You look with your mouth
You cut with a fork
A little cow is called a calf
The earth is black, the air is yellow
An apple is an animal
1have five fingers on my hand
You fly in a boat
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f the 430 items of TP was determined and the test-retest reliability
>e good.

General Discussion

The construct validity was measured by computing the correlation with
comparable constructs (convergent validity) and different constructs
(divergent validity). With respect to the divergent validity, a small to moderate
correlation was found with intelligence, especially for the performal/haptic
tests. With regard to the convergent validity, the correlations with other
tests that measure tactual functioning showed mixed results. No significant
correlation was found with the Tactile Test of Basic Concepts (TTBC) (Caton,
1983), but the correlation with the Haptic Figure Orientating and Haptic
Greatness Discrimination Test of Mommers (Mommers, 1974) was moderate
to strong, although it tended to diminish when intelligence was partialled out.
It is important to note that the number of blind children attending mainstream
schools in the Netherlands, from which we had to recruit our participants, is
small and heterogeneous. In general, a participation rate of 55% is reasonably
high and the number of 55 participants is compared to other studies with blind
children rather large. However, for psychometrie studies on an assessment
scale with 430 items, 55 participants is low. Therefore, it is hard to draw
final conclusions with regard to the psychometrie properties of TP. What we
do know is that, overall, the children mastered 94% of all the tactual tasks
belonging to their age-level in TP.
The age-levels were determined during the first validation study (Withagen &
Schellingerhout, 2004). This study showed that items in the domain ‘tactual
perceptual functioning’ were more difficult than expected. The 6% items that
were failed were mainly in this domain. One explanation for this finding is
that intelligence plays a role in this domain in that it determines the choice
of the problem solving strategy. Support for the fact that intelligence plays is
an important factor in solving tactual tasks comes from the high correlation
(r=0.84) of TP scores with the shortened version of the Intelligence Test for
Children (Dekker, 1987, 1993) in the study described in Chapter 2.
Based on the results of the studies with TP, we can conclude that blind
children attending mainstream schools in the Netherlands and Flanders
possess enough tactual skills to execute most of their daily tasks at schools
and at home. Overall, we are convinced that TP gives a good overview of the
tactual skills of blind children and that it makes it feasible to detect gaps in
tactual functioning. In order to rehabilitate problems in tactual functioning,
we designed a TP-activity book (Withagen, Janssen, Blok, Betten et al., 2013).
This book has the same structure as TP, so it is easy to find interventions that
suit the items a child failed to perform in TP. At the moment, a shortened
version of Tactual Profile is also available (Withagen, Janssen, Blok et al.,
2005).
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This version is intended to be used as a screening device for tactual functioning.
It contains less items than the full version of TP but is as yet not tested
psychometrically.
In conclusion

Our first research question dealt with the prerequisites for tactual functioning
in blind children’s daily life. The blind children who participated in our study
mastered 94% of the tactual skills that we think they should be able to execute
in daily tasks. From this result, we may draw the conclusion that if a blind
child attending mainstream education fails TP items, this is not typical
for blindness but rather for this individual child. Note that the 94% of the
mastered skills was an average over all the different age groups, which means
that not all the groups of children performed at near perfect level within their
own age group. For instance, the children at age-level C (5 and 6 years of age)
only mastered on average 85% of the skills. The performances within this age
level were less homogeneous, than in other age levels. One possibility is that
there is a transition point at this age-level in the control of tactual skills.
However, since the children in the next age-level master 94% of the skills, the
worse performance in age-level C is not alarming.

7.2 Tactual performance of blind and sighted children
and adults
In the previous section we discussed tactual performance of blind children
with regard to familiar tasks in daily settings. The blind children performed
relatively well on these tasks. The next question was whether there are
qualitative differences between blind and sighted children in the way they use
touch. To answer this question a series of tactual experiments was performed
and the results of blind children were compared with sighted peers and blind
and sighted adults.
In Chapters 4 and 5 we studied tactual performance of blind and sighted
persons on a haptic match-to-sample task. The task was based on an experiment
Lederman and Klatzky (1987) performed with sighted students who had to
match nonsense objects by touch alone. They found that all participants used
comparable hand manipulations, which they termed Exploratory Procedures
(EPs). In our experiment, we asked participants to match comparable nonsense
objects on the dimensions Texture, Weight, Volume and Exact Shape. In the
analyses, we focused on quantitative aspects (speed of exploration, accuracy
and efficiency) as well as on qualitative aspects (choice and performance of
EPs and Actions). Furthermore, we studied the influence of familiarity by
repeating the task four times during the experiment.
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7.2.1 Quantitative aspects in tactual functioning
Response times The sighted adults responded significantly slower on the
dimension ‘Exact Shape’ in comparison to the blind adults. Gibson (1962)
reported that sighted people prefer to use the visual sense for the interpretation
and discrimination of shapes, which could explain why they need more time
when touch alone can be used. An alternative explanation comes from Révesz
(1950) who described the preference of sighted people to transform objects
which they had explored tactually into mental visual images. He did not
mention, however, whether this transformation during exploration takes more
time than tactual exploration without transformation to a visual image. If so,
this could be an explanation for the prolonged response times. It is not so that
blind people cannot make mental images of shapes at all since some recent
studies showed that congenitally blind people are also able to compose mental
representations of objects (e.g., Cattaneo & Vecchi, 2011; Cornoldi, Tinti,
Mammarella, Re, & Varrotto, 2009; Cornoldi, Fastame, & Vecchi, 2003). What
is still not clear, however, is what this mental image is composed of and what
the exact difference is between the mental representations of blind and sighted
people. We can only conclude that the sighted adults needed more time than
the blind adults and both groups of children to determine which comparison
object resembled the Standard best on the dimension ‘Exact Shape’.
Accuracy The data showed that accuracy in the performance of the four groups
of participants in our study was affected more by age than by visual status
(see Chapter 4). On all four dimensions the adults outperformed the children
in accuracy. Possibly both blind and sighted children still have to learn about
the concepts underlying object dimensions in their growth towards adulthood.
An alternative possibility is that working memory, executive functioning or
some unknown other skill are the limiting factors for children.
The assumption that the blind participants would show better accuracy on
the dimension Texture, proposed by Alary, Duquette, Goldstein, Chapman,
Voss et al. (2009), who described an enhanced performance of the blind on this
material property, was not confirmed by our data. The blind did not perform
better than the sighted participants on this dimension. This result might be
due to a ceiling effect; the accuracy was high on this dimension for both groups
of participants because our stimuli were quite different and the match with
the Standard was relatively easy.
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Efficiency We defined efficiency as the ratio between accuracy and response
time. The results showed a significantly more efficient behavior of the blind
adults in comparison to the sighted adults on the dimensions Texture and
Exact Shape. Although the blind adults did not perform better than the
sighted on accuracy on the dimension ‘Texture’, they did show an increasingly
more efficient performance over the four series on this dimension when
accuracy and response times were combined. This is in line with the findings
of Rovira, Deschamps and Baena-Gomez (2011) who observed the haptic
strategies of blind adults in comparison to sighted adults. In their study the
blind participants used more fingers in their exploration than the sighted
participants which helped them to perform better.
Performance o f the blind children The blind children did not perform any faster
nor more accurate than their sighted peers. Also with regard to efficiency
we found no significant differences. In conclusion, we found no quantitative
differences in the performances of blind children on this haptic match-tosample task with unfamiliar stimuli. If blind and sighted eight- and nine-yearold children perform equally well in discriminating texture and exact shape
while blind and sighted adults perform differently, then these differences
develop somewhere in between childhood and adulthood. Repeated practice
or some unknown maturational phenomenon must be responsible for these
differences.

7.2.2 Qualitative aspects in tactual functioning
One way of studying the difference between children and adults and between
sighted and blind persons is looking at the execution of hand movements.
Can we find an explanation for the better performance of the blind adults
in efficiency on the dimensions Texture and Exact Shape by the choice of
an EP? Is the preference for the strategies of choice the same for blind and
sighted people and are there differences between children and adults? In this
discussion, we will also involve the newly formulated ‘Actions’, described in
Chapter 5. ‘Actions’, are extra hand movements which participants perform
to gather more detailed information about an object dimension, for instance,
‘throwing an object from one hand into another’ to get more information about
the weight of a stimulus.
Use o f EPs Based on several studies (Lederman & Klatzky, 1987,1990; Klatzky,
Lederman, & Mankinen, 2005; Kalagher & Jones, 2011), we expected both the
sighted children and adults to execute the most suitable EPs to gather specific
information about object dimensions.
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Our data showed that not only the sighted participants, but also the blind
used mainly the same EP to match a sample object with a Standard object
when questioned about a specific dimension, that is ‘Lateral Motion’ for
Texture, ‘Unsupported Holding’ for Weight, ‘Enclosure’ for Volume and
‘Contour Following’ for Exact Shape. The only difference between the groups of
children and adults was that, in general, during exploration children executed
additional EPs besides the expected EP. Most of the time they executed the EPs
in succession, but sometimes also simultaneously. When EPs were combined
the expected EP was always included. The finding that children show more
variation in the use of EPs is in line with the theory of Millar (1994, 1997) on
the need for redundancy in information processing in children.
Use o f Actions In the use of Actions there were more differences noticeable
between children and adults. Only the Action ‘Brief Touch’ was regularly
observed in both groups; this hand movement can be interpreted as the first
stage in exploration or ‘the quick glance’, described by Lederman and Klatzky
(1990, 1995). Especially on the dimension Weight the Actions performed by
the adults and children differed. The children seemed to be more triggered by
stimulus characteristics (can it roll? does it have a hole?) than adults and were
easier distracted from the goal of exploration. The stimulus itself seemed to
provoke extended explorative behavior, possibly giving additional information
about an object, albeit distracting from the question to match the objects on
weight. Gibson (1969) stated that children tend to pay attention to distinctive
features of objects. This behavior is important in the development of children to
learn about objects. On the dimension Weight, the adults performed Actions or
sequences of hand movements to learn more about this object property.
Performance of the blind children There was no difference between the two
groups of children in the choice of EPs or Actions. However, the individual
variation in the use of EPs within the groups of children was larger in
comparison to the groups of adults. Some of the children resembled the adults
in their use of EPs, others did not. We do not know which variable caused the
difference in performance. Morrongiello, Humphrey, Timley, Choi and Rocca
(1994) observed improvement in haptic object exploration over the years in
both sighted and blind children. Over the years, children explore objects more
thoroughly to gather extra important information to avoid errors (Alexander,
Johnson, & Schreiber, 2002). In our study the cage rage of the children was too
small to study a possible age effect in exploratory behaviors.
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7.2.3. Influence of familiarity with the task
To study the influence of practice or familiarity with the task, we ran four
series of the match-to-sample task for each of the four dimensions. We analyzed
the effect of practice for the accuracy, response times, efficiency and usage
of EPs and Actions for the four groups. Based on earlier literature (see e.g.,
Davidson, 1972; Davidson & Whitson, 1974; Grant, Thiagara, & Sathian, 2000;
Fernandes & Albuquerque, 2012), one could expect that blind participants are
more experienced in the usage of touch than sighted participants to extract
specific object information and therefore perform better and faster on haptic
tasks. However, this effect might disappear when all participants become
more familiar with the task and objects. For this reason, superior performance
of blind participants might have disappeared over the series.
Quantitative aspect Data showed that the blind adults improved their
performance significantly in comparison to the sighted adults on the
dimensions Texture and Exact Shape. Thus, the effect that the advantage
of blind adults diminishes when sighted adults become more familiar with
the stimuli and task (see Davidson, 1972; Davidson & Whitson, 1974; Grant,
Thiagara, & Sathian, 2000), was not confirmed in our study. This might be
because we did not explicitly train the strategies in a practice trial (only the
instruction and procedure were trained), nor gave feedback on the responses
of the participants. The last reason might also have affected the accuracy,
since none of the groups profited significantly from practice in their choice of
the best comparison object.
Qualitative aspects Over the series, all the groups use less additional hand
movements, which was reflected in the diminished use by all four groups of
the EP ‘Rest’ in which the hand movements were scored that could not be
interpreted as EPs. On most dimensions all groups execute the expected EP
more in series four, sometimes in combination with another EP.
Performance o f the blind children Between the blind and sighted groups of
children no significant differences were found. Both groups of children improved
in efficiency over the four series on all four dimensions. So, for children,
practice helps whether you are blind or not. The enhanced performance of
the blind adults in efficiency over the series for the dimensions ‘Texture’ and
‘Exact Shape’ must develop somewhere between childhood and adulthood.
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In conclusion

Overall, we can conclude that blind and sighted children and adults resemble
each other in their tactual performance in a match-to-sample task for object
properties. In the Introduction of this thesis I mentioned that blind children
compared to sighted children sometimes execute different strategies to solve
the same task. This clinical observation was not confirmed in the experiments
we carried out. In general, differences in exploratory behavior were influenced
more by age than by visual status. However, already in the first series on the
dimension ‘Exact Shape’, the blind adults were significantly faster than the
sighted adults and on both the dimensions ‘Exact Shape’ and ‘Texture’ the
blind adults became (even) more efficient than the sighted adults.
What we do not know yet, is what exactly caused the increase in the blind
adults’ efficiency and faster execution of these specific tasks. It could be caused
either by a more profound haptic strategy of blind people, in which more fingers
are actively involved in the exploration, or by the tactual experience in shape
recognition, which sighted people usually solve with the visual sense. However,
taking the findings of Chapter 6 into account, the hypothesis could also be that
the improved performance is caused by advanced memory functioning of the
blind. If the blind adults recognize the objects that they receive in their hands
more quickly in the repeated series, they will also be faster in knowing when
to explore more thoroughly and when a ‘quick glance’ is sufficiënt.

7.3 Verbal memory capacities of blind children
One way blind children can compensate for the lack of vision is by superior
memory capacities. For that reason we studied verbal memory capacities of
blind children. Since they lack the visual sense, we wanted to know to what
degree they compensate for this loss with auditory memory. We expected that
their memory skills would be trained extra because the input from the haptic
sense always comes in successively. When exploring a large object, blind
children always have to memorize all the small bits of tactual information and
synthesize this input to form a complete picture.
In Chapter 6 we described a study on Short Term Memory (STM) and Working
Memory (WM) of blind and sighted children. We compared their performances
on different tasks. Earlier studies already found enhanced skills of blind
children on STM tasks (Smits & Mommers, 1976; Huil & Mason, 1995;
Swanson & Luxenburg, 2009). However, no previous study reported on superior
performance on WM tasks. When we assessed the children also tested in
Chapters 4 and 5 on verbal memory tasks, the blind children performed better
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than the sighted children. Much to our surprise, the superior performance was
on all the verbal memory tasks, STM as well as WM.
The enhanced performance of blind children on verbal memory tasks might be
caused by extra practice of this skill. They have to use verbal memory more than
sighted children during the execution of partly haptic tasks. A good example
is reading Braille. An important characteristic of reading Braille is that the
encoding of the letters is a sequential process. When sighted people read print,
they have a larger overview and see much more letters in a glance than is
possible when reading Braille. Only for beginning readers of print, reading
is also a sequential process. Thus, reading Braille requires more sequential
memorizing than reading print. Also during other activities at school blind
children train their verbal memory skills. When a teacher gives instructions
and writes these down on the blackboard sighted children can listen to the
instruction and read the information. The blind children, however, can only
profit from the verbal instructions which they have to memorize. So possibly
the fact that our STM and WM tasks were all verbal and the input was always
sequential caused some benefit for the blind children. We do not have an
explanation for the fact that the blind children in the study of Swanson and
Luxenberg (2008) did not perform better than the sighted children on the WM
tasks, since these were also verbal tests.
In conclusion

The results described above show that the blind children possessed enhanced
verbal memory capacities in comparison to their sighted peers on STM as well
as on the WM tasks. This finding is, however, not in line with earlier studies.
Besides age differences between participants, differences in task demands
between our and previous studies might explain these differences. The
blind children in the study of Swanson and Luxenberg were somewhat older
(M=12.01) than in our study (M= 10.71). As suggested in Chapter 6, it might
be that task performance is task specific and less a result of whether the task
measures STM or WM. Engle, Tuholski, Laughlin and Conway (1999) stated
that one can expect high intercorrelations between STM and WM when verbal
tasks are involved in the set of tests. This finding was confirmed in our study,
since significant and high correlations were found between the composite STM
and WM scores for both the blind and sighted children.

7.4 Limitations and future directions
The studies described in this thesis can be interpreted as beads in a chain.
Our beads did shed new light on hypotheses we had before we started this
research. However, more beads are necessary to complete the chain.
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The results also raise new questions, which we will discuss shortly in this
paragraph.
In the Chapters 2 and 3 we described the results of an assessment with TP
with congenitally blind children attending mainstream education. This group
of participants was very useful to measure different psychometrie properties
of the instrument, but is not composed of the average blind child in the
Netherlands or Flanders. Children with acquired blindness were excluded
from our studies. In cases of acquired blindness, for instance due to a brain
tumor, a (progressive) disease or an accident, the results of an assessment with
TP will be different from an assessment of congenitally blind children. Also
the multiply disabled children, from which a large group attends the special
schools, will perform different on an assessment with TP. In the near future,
we hope to be able to show the results of the TP database that we started in
2008, in which we put all clinical assessments with TP. In the database we
gather information about different groups, both single and multiply disabled
children, with congenital or acquired blindness, both attending mainstream
education or schools for special needs education. With these results we get
information of children not previously assessed with TP and follow up data of
children already assessed with TP. One of the things we can do is to compare the
results of children at mainstream and special schools and see whether multiply
disabled children show more gaps in tactual functioning than children who are
only blind. With the translation of TP into English (Withagen, Baerwaldt,
Blok, & Hamelink, 2005), we are now able to extend the potential group of
participants further. We hope to gain insight in the weak and strong skills
of blind children attending mainstream schools in different countries. Since
TP was developed on the basis of a task analysis of the daily tasks at school
or at home in the Netherlands, we do not know whether there are cultural
differences in the curricula on tactual functioning. Furthermore, with a larger
group of participants it will be possible to improve the psychometrie properties
ofTP.
Another follow-up study, which can be recommended, is to repeat the same
match-to-sample experiments described in the Chapters 4 and 5 with blind
and sighted children and adults, but now with a focus on the influence of
instruction and feedback on speed and accuracy and usage of EPs. With the
present study, we have a baseline o f the time people take to explore an object
on the demanded dimension. Next, the influence of feedback on the response
might be interesting to investigate. In our study accuracy did not improve over
the series. It can be expected that participants improve in accuracy when they
get feedback on their response.
157

Chapter 7

It would be interesting to find out whether the significantly enhanced
performance of the adults in comparison to the children on accuracy would
disappear over the series with this feedback. Relevant research questions
might be: “How much influence does instruction place upon performance” and
“how can we guide the blind children best when we are teaching them new
haptic skills”.
In the group of children, we found no difference in tactual performance caused
by the visual status. Within the two groups of participants, there was a lot of
individual variation which we cannot explain yet. The cause for this difference
in performance needs to be studied further. In order to find out how these
skills correlate with tactual performance, more information about several
capacities such as intelligence, memory and motor skills is needed. It still
remains the question whether blindness leads to a kind of a general verbal
memory compensation or that memory performance is more task dependent
than construct dependent (short term memory versus working memory).
Future studies on touch should also take task dependency more closely into
account.
To extend the study described in Chapter 6, a new study with a broader set
of WM tasks can be recommended. In our study, all the tasks appealed on
verbal capacities. A follow up study should include tasks which appeal more to
the central executive system and the visual-spatial (or rather tactual-spatial)
sketchpath (Baddeley, 2003a, 2003b). These tasks should be assessed with a
group of blind and sighted children and also children with acquired blindness.
This way one will gain more insight in the WM performance of blind and
sighted children and the influence of type of task and onset of blindness.

7.5 Clinical implications
Overall, the blind children performed well on everyday tactual tasks measured
with TP as well as on the haptic match-to-sample task in the experiments.
With these tactual skills it is possible for the blind children to integrate in
mainstream schools and perform the daily tasks they meet at school. In this
section, I will formulate practical suggestions, derived from the results on the
three research questions.
The first question was whether congenitally blind children possess the
prerequisites for tactual functioning in daily life. The blind children at the
mainstream schools mastered 94% of the skills, which led to the conclusion,
that this group possesses enough skills to execute daily tasks.
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However, the group of congenitally blind children in the study described in
the Chapters 2 and 3, is not representative for all blind children. In individual
cases, for instance children with acquired blindness or additional problems, it
is important to screen the tactual functioning of the child. I would recommend
a tactual screening with the Shortened Version of TP with all blind children
at relevant ages to detect possible gaps in tactual functioning. Since TP
distinguishes six different age levels, A (1 and 2 years of age), B (3 and 4 years
of age), C (5 and 6 years of age), D (6-8 years of age), E (9-11 years of age), F (1215 years of age), I would suggest to screen each blind child at least once at its
own age-level. If a child performs well within its own age-level, an assessment
with the extensive version of TP is not necessary. If a child performs poorly, I
would recommend an assessment with the extensive version of TP.
Besides the training of school-related skills (such as understanding tactile
graphics, learning to read Braille with 6 fingers), it is also important to pay
attention to practical tactual skills (make up your bed, cut meat, prepare a
sandwich, cut your nails). Participants in the study described in Chapters 2 and
3 seemed to perform worse on the domain ‘Practical Skills’ in comparison to the
domains Tactual Sensory, Tactual Motor and Tactual Perceptual functioning.
These results, however, were not analyzed in Chapters 2 and 3 since they
were not assessed with all the participants. Parents told us that it took their
blind child so much effort to integrate socially at the mainstream school that
they did not learn or push their child to execute normal daily tasks such as
preparing their sandwiches themselves, walking to school independently or
making up their beds. I feel it is important for itinerant teachers that they
include the Practical Skills in their TP assessment and discuss the results
with parents, since the possession of the practical skills makes a child more
independent in daily life.
The second research question concerned potential differences in tactual
functioning between blind and sighted children. Our study, described in
the Chapters 4 and 5 did not detect differences in the accuracy, efficiency or
response times in the tactual functioning of these groups. They also used the
same strategies to solve the different tasks. However, what we do know from
clinical practice is that tactual accuracy and speed are more important for
blind children than for sighted, as the exploration of objects by touch takes
much more time than by sight. For this reason it is important to teach blind
children to use their sense of touch as efficient as possible. I would recommend
to more explicitly teach children efficient strategies. Even young blind children
can be taught to execute EPs to gather specific information.
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Sighted parents or teachers sometimes forget to describe all the tactile
properties of objects or the environment which the blind child could
explore. We should teach the blind child more explicitly which strategy is
the most efficient to gather specific information with the intention to speed
up exploratory behaviors. Furthermore, I would recommend teaching the
children the difference between ‘general exploration’ of stimuli and ‘goaldriven exploration’ and the instances when they should use the one or the
other. General exploration concentrates on aspects such as: what is this, does
it feel nice, what kind of features can I discover? This kind of exploratory
behavior can be stimulated by early interventionists and later by itinerant
teachers. Besides promoting general exploration it is important to challenge
the blind children to speed up during goal-driven exploration and to learn to
ignore unimportant tactile information, that is, inhibit irrelevant input.
Research question three concerned the verbal memory of blind versus sighted
children. In our study, described in Chapter 6, the blind children outperformed
their sighted peers on all the verbal memory tasks. This enhanced capacity
should be used as a compensatory strategy. When touching is time-consuming,
we should find ways to use this capacity in an optimal way.
Finally, it is important to gather as much information as possible about the
individual capacities of each blind child, in order to help him or her to use these
capacities in the most optimal way for living, education and future work. Since
nowadays blind children are mostly integrated in mainstream schools it is
important that they learn to make efficient use of every possible compensation
strategy, whether it is touch, memory or something else to keep up with their
sighted classmates and be truly integrated.
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Summary
The main focus of this thesis was on tactual functioning of children who are
congenitally blind.
In Chapter 1 a general introduction about the subject of my study is given.
The different sections give background information on the education of blind
children in the Netherlands and on important aspects of tactual functioning.
Furthermore, the development of touch and fine motor skills of blind children
are described in brief, as well as a description of Exploratory Procedures.
The chapter ends with the research questions of this thesis, which are:
To what degree do congenitally blind children possess the prerequisites for
proper tactual functioning at home and at school?
Are there any differences in the tactual performance of blind and sighted
children and adults?
Do congenitally blind children possess better verbal memory capacities
compared to sighted children to compensate for the lack of vision?
Chapter 2 describes the development of an assessment procedure to observe
the tactual functioning of blind children in a structured way. We developed
this instrument together with practitioners in the field of ‘visual impairment’
and in collaboration with employees of the Radboud University Nijmegen and
Utrecht University, who judged several concept versions and gave comments
and advices. The teamwork resulted in ‘Tactual Profile’ (TP), an observation
instrument for charting the tactual functioning of blind children from 1 month
to 16 years of age. TP consists of 430 items, which are graded according to
age level and domain of tactual functioning. The three main domains are:
tactual sensory functioning, tactual motor functioning and tactual perceptual
functioning. Each domain is divided into different categories. There is also
a separate domain with practical skills, such as ‘self-help skills’ and ‘touch
strategy’.
TP was studied on several psychometrie properties. In the first validation
study the categories and age levels were judged. Based on these results a
second version of TP was constructed. Subsequently this set of items was
judged on difficulty level, test-retest reliability and construct validity. Items
were organized in six age groups. Analysis of the difficulty levels of the items
showed that 82% of the items were at the correct age level, 75 items had to be
placed into another age group and 4 items were deleted because they were too
easy and did not add extra information.
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The test-retest reliability proved to be good; TP was assessed within a two
week interval with stable results. We determined the construct validity by
calculating the correlation of TP with tests that measured different constructs
(divergent validity) and comparable constructs (convergent validity). The
study on the construct validity did not show univocal results. The divergent
validities, determined by computing the correlation of TP with the scores
on different intelligence tests, were mild to moderate depending on the type
of test. The strongest correlations were present with haptic and performal
subtests. The correlation of TP with verbal tests was, as expected, low. The
convergent validity tests did not show a significant association between the
TP and other haptic tests. Apparently, the tests that were used to determine
the convergent validity assessed a different part of tactual functioning than
TP. Based on the results of the validation studies it is hard to draw final
conclusions. The number of participants is relatively low in comparison to
the magnitude of the item set. This number is small as a result of the very
small population of congenitally blind children attending mainstream schools
in the Netherlands and Flanders. The latest version of TP is translated into
English. This extends the potential population for future studies, which make
it possible to determine more solid psychometrie properties of TP in future
research.
In Chapter 3 we described the results of an assessment with TP of 48 congenitally
blind children from a more clinical perspective. The age of the children varied
from eight months to twelve years of age; they had no additional impairments.
Since TP consists of items related to everyday tasks at home or at school we
expected that the children would perform well on the tasks within their age
level. This expectation was confirmed: overall the children mastered 94% of
the haptic tasks within their age group. Performance of the children depended
somewhat on age group. The youngest group of children in age level A (1 month
to 2 years) mastered most skills (97.6% of the items), whereas the children in
age-level C (4-6 years) mastered 85% of the items. Group differences can be
explained either by the mean age of the children in an age group or by the
difficulty level of some items within a specific age level. Individual variation,
however, also plays an important role in the performance on TP.
Further inspection of the data showed that most of the ‘difficult’ items on which
the participants failed, were in the domain of tactual perceptual functioning.
These items tap on higher mental processes, where in addition to the tactual
skills other capacities also play an important role in executing the haptic task
successfully, like, for instance, cognition, memory, familiarity with the task
and choice of strategy.
J69

Appendix

The items which depend on more basic components of touch in the domain
of tactual sensory functioning were mastered better than the more complex
items.
Chapter 4 described a haptic match-to-sample experiment. The experiment
was based on a study of Lederman and Klatzky (1987) with blindfolded sighted
students, who had to match nonsense objects on different tactual dimensions.
With the help of these authors, we reproduced four of their object sets, for the
dimensions Exact shape, Weight, Volume and Texture. Congenitally blind and
sighted children and adults participated in our study.
Data were collected on accuracy and response times. The influence of familiarity
was studied by repeating the same task four times. The adults were more
accurate than the children on all four dimensions. Our expectation that the
adults would execute the tasks faster than children was not confirmed. On
the contrary, for the dimension Exact shape the children were faster than
the adults. A further analysis of the data showed that this was caused by the
relatively slow performance of the sighted adults. The sighted adults needed
significantly more time to come to the same level of accuracy as the blind
adults on the dimension Exact shape. This difference was not found for the
other dimensions. Repetition of the task did not affect accuracy, but influenced
response times significantly. Over the series the average response times of all
four groups and on all four dimensions decreased.
In Chapter 5 we described an in depth analysis of the exploration strategies
participants used during the execution of the haptic match-to-sample task
described in Chapter 4. Hand movements and response times were recorded
and analysed. The objective of the study in Chapter 5 was to analyse the hand
movements and their influence on the speed of performance. Hand movements
were scored according to the patterns defined by Lederman and Klatzky (1987)
which they called Exploratory Procedures (EPs). People perform certain EPs
depending on the information they are searching for. Several EPs are directly
related to certain dimensions, that is, Lateral Motion to Texture, Unsupported
Holding to Weight, Enclosure to Volume and Contour Following to Exact Shape.
We used the scoring rules for EPs of the original Klatzky and Lederman study.
In addition, Actions were defined as hand movements that the participants
perform to gather extra information about an object not captured in the EPs.
An example is ‘Throw over’ to get more input on the weight of an object. For
the EPs both frequency and duration were scored; actions were only scored for
frequency, since they sometimes occurred in a sequence of hand movements or
lasted only for a very brief period.
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Furtbermore, mean efficiency scores per group were calculated in which the
accuracy and response times were integrated.
The results showed that all four groups used the most suitable EP with regard
to the dimension under study. Especially the children also executed other EPs,
Actions and extra hand movements besides the most suitable EP to explore a
dimension of an object. This is in line with the theory of Millar (1994, 1997)
that children need more redundant information than adults. In our study, it
was possible to score co-occurring EPs. If EPs co-occurred, the most suitable
EP for that dimension was always involved. Analyses of the Actions showed
that one Action, ’Brief touch’, was observed in all four groups. Brief touch
can be interpreted as a ‘quick glance’ to get information about an object.
Most of the Actions were executed on tests of the dimension Weight. There
was a difference between adults and children in the preference for the use of
Actions. The adults showed a preference for the Actions ‘Throw over’ and ‘Piek
up and Drop’, whereas children rarely produced these actions and executed
a more stimulus driven Action, termed ‘Examine Features’. The efficiency
in the execution of the task improved over the four series. For both groups
of children, the efficiency increased significantly on all four dimensions. The
adults only improved in efficiency for the dimensions Texture and Volume. The
results also showed a difference in efficiency between the blind and sighted
adults; the blind adults outperformed the sighted on the dimensions Texture
and Exact Shape. The enhanced performance of the blind might be explained
by the advanced use of haptic strategies in which more fingers are involved
(Rovira, Deschamps, & Baena-Gomez, 2011).
The focus of Chapter 6 was on comparing the Short Term Memory (STM)
and Working Memory (WM) capacities of blind and sighted children. Since
tactual information is gathered in a successive way, this mode of exploration
strongly appeals to memory capacities. For this reason, we were interested in
whether congenitally blind children possess better verbal memory capacities
compared to sighted children to compensate for the lack of vision. The studies
described in Chapters 4 and 5 did not show a better performance of the blind
children on the haptic task, despite their extensive use of the sense of touch.
In the study described in Chapter 6, 27 children also involved in the tactual
studies participated. The mean age of both groups was 10 years of age. Their
intelligence was assessed to be sure that cognition could not explain differences
in performance; all the scores were within the normal range. To assess STM,
digit span forward, name learning, and word span tasks were presented. To
measure WM, a listening span test and a digit span backwards test were used.
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The results showed that blind children performed better than the sighted
children on all the subtests, thus on both the STM and the WM tasks. The
finding that the blind children also outperformed their sighted peers on the
WM tasks was new.
Possible explanations for this enhanced performance of the blind children
were task characteristics and the verbal nature of the WM tasks.
In Chapter 7 the findings of all the studies in this thesis were summarized
and discussed in relation to the research questions formulated in Chapter
1. With regard to research question 1 (to what degree do congenitally blind
children possess the prerequisites for proper tactual functioning at home
and at school?), we concluded that all the blind children we studied and who
attended mainstream schools possessed enough tactual skills to execute daily
tasks at home and at school. The answer to research question 2 (are there
any differences in the tactual performance of blind and sighted children and
adults?) was that age affected exploratory behavior and performance more
than visual status. In general, we concluded that blind and sighted children
and adults resemble each other with regard to the use of exploration strategies
to solve haptic tasks. With regard to research question 3 (do congenitally blind
children possess better verbal memory capacities compared to sighted children
to compensate for the lack of vision?), we drew the conclusion that blind
children posses better verbal memory skills in comparison to their sighted
peers. Some suggestions for future research and the clinical implications of
the results were discussed at the end of this thesis.
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Samenvatting
Dit proefschrift gaat over de tastontwikkeling van kinderen die vanaf de geboorte
blind zijn. In Hoofdstuk 1 wordt een introductie op de gehele studie gegeven.
Deze introductie bestaat uit achtergrondinformatie over de opvoeding van en
het onderwijs aan kinderen met een ernstige visuele beperking in Nederland.
Belangrijke aspecten van het tactiel functioneren worden beschreven, zoals
de ‘Exploratory Procedures (EP’s)’; dit zijn specifieke taststrategieën die
mensen hanteren als ze bepaalde materiaaleigenschappen onderzoeken, zoals
bijvoorbeeld gewicht of textuur. Lederman en Klatzky (1987) hebben een
relatie gevonden tussen het gebruik van bepaalde EP’s en het onderzoeken
van specifieke objecteigenschappen.
Zo gebruiken mensen niet dezelfde taststrategie om de textuur van een object
te onderzoeken en het gewicht vast te stellen. In hoofdstuk 1 worden in
vogelvlucht eveneens de tastontwikkeling en de fijne motorische vaardigheden
van congenitaal blinde kinderen beschreven.
Het hoofdstuk eindigt met de onderzoeksvragen, die het uitgangspunt vormden
van dit proefschrift, te weten:
1

In welke mate beheersen congenitaal blinde kinderen de voorwaarden om
adequaat tactiel te kunnen functioneren, zowel thuis als op school?

2

Zijn er verschillen waarneembaar tussen het tactiel functioneren van
blinde en ziende kinderen en volwassenen?

3

Bezitten blinde kinderen betere verbale geheugencapaciteiten in
vergelijking met ziende kinderen om hun gebrek aan visuele input te
compenseren?

Hoofdstuk 2 beschrijft de ontwikkeling van een observatie-instrument om het
tactiel functioneren van blinde kinderen gestructureerd in kaart te brengen.
Dit instrument is ontwikkeld door praktijkmedewerkers in samenwerking
met medewerkers van de Radboud Universiteit in Nijmegen en de
Universiteit Utrecht. Concepten van het observatie-instrument werden steeds
voorgelegd aan de medewerkers van de universiteit, die dit beoordeelden en
verbetersuggesties gaven. Deze samenwerking resulteerde in Tactiel Profiel
(TP); met dit instrument worden de tastvaardigheden van blinde kinderen in
de leeftijd vanaf 1 maand tot 16 jaar op gestructureerde wijze geobserveerd.
TP bestaat uit 430 items, geordend op leeftijdniveau en domeinen van tactiel
functioneren. De drie hoofddomeinen zijn: tactiel sensorisch functioneren,
tactiel motorisch functioneren en tactiel perceptueel functioneren. Elk domein
is verder onderverdeeld in categorieën.
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Naast de drie hoofddomeinen is er een apart domein met praktische
vaardigheden, zoals bijvoorbeeld ‘zelfredzaamheid’ en ‘taststrategie’.
TP is in een aantal studies onderzocht op psychometrische eigenschappen. In
een eerste validatiestudie zijn de categorieën en leeftijdsniveaus beoordeeld.
Gebaseerdop resultaten van deze studieis een tweedeversievanTP geconstrueerd.
Vervolgens is deze versie van TP beoordeeld op moeilijkheidsgraad, test-hertest
betrouwbaarheid en constructvaliditeit. Items werden in 6 leeftijdsgroepen
geplaatst en beoordeeld op moeilijkheidsgraad. Uit de resultaten bleek dat
82% van de items in de juiste leeftijdscategorie stond en dat 75 items naar
een andere leeftijdsgroep verschoven moesten worden. Tevens bleken 4 items
weinig toegevoegde waarde te hebben, aangezien ze voor alle deelnemers
aan het onderzoek te gemakkelijk waren; deze items zijn verwijderd uit de
item-set. De test-hertest bleek goed te zijn; wanneer TP binnen twee weken,
tweemaal wordt voorgelegd aan een kind is het resultaat gelijk. Met deze
uitkomst blijkt TP een stabiel instrument te zijn. De constructvaliditeit van TP
werd bepaald door de samenhang van TP te berekenen met subtests die andere
constructen meten (divergente validiteit) en vergelijkbare taken (convergente
validiteit). De resultaten over de constructvaliditeit waren niet eenduidig. De
divergente validiteit werd gemeten met verschillende intelligentietesten; de
correlatie varieerde van zwak tot middelmatig afhankelijk van de gehanteerde
test. De sterkste samenhang werd gemeten met het deel van de haptische
intelligentietest die ook de performale capaciteiten in kaart brengt. De
correlatie van TP met de verbale intelligentietesten was, zoals verwacht, laag.
De tactiele taken waarmee de convergente validiteit werd bepaald lieten geen
significante samenhang zien met TP. Blijkbaar waren zij meer gericht op een
ander deel van het tactiel functioneren dan de drie hoofddomeinen van TP.
Het is lastig om definitieve conclusies te trekken op grond van de resultaten uit
de validatiestudies. Het aantal deelnemers is relatief laag in verhouding tot het
aantal items in de totale set. Het lage deelnemersaantal is het gevolg van de
zeer kleine groep congenitaal blinde kinderen in Nederland en Vlaanderen die
het reguliere onderwijs volgen, hoewel een relatief grote groep (55%) meedeed
aan het onderzoek. De laatste versie van TP is vertaald in het Engels. Hiermee
is de potentiële deelnemerspopulatie voor vervolgstudies enorm gegroeid.
Dit biedt mogelijkheden om in de toekomst meer solide psychometrische
eigenschappen te bepalen voor TP.
In Hoofdstuk 3 worden de resultaten van een afname met TP bij 48 congenitaal
blinde kinderen in een meer klinisch perspectief beschreven. De leeftijd van
deze groep kinderen varieerde van acht maanden tot twaalf jaar en ze hadden
geen aanvullende beperkingen.
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Aangezien TP bestaat uit items die gerelateerd zijn aan dagelijkse taken thuis
en op school, verwachtten we dat de kinderen goed zouden presteren binnen hun
eigen leeftijdscategorie. Deze verwachting werd bevestigd: over het algemeen
beheersten de deelnemende kinderen 94% van de tactiele taken binnen hun
leeftijdscategorie. De prestaties van de kinderen verschilden enigszins per
leeftijdscategorie. De jongste groep kinderen in de leeftijdscategorie A (1
maand-2 jaar) beheerste het grootste deel van de vaardigheden, namelijk
97,6 % van de items, terwijl de kinderen in leeftijdscategorie C (4-6 jaar)
minder vaardigheden beheersten, namelijk 85% van het aantal items. Deze
groepsverschillen kunnen zowel verklaard worden vanuit de gemiddelde leeftijd
van de kinderen in een leeftijdscategorie als vanuit de moeilijkheidsgraad
van de items binnen een specifieke leeftijdscategorie. Individuele verschillen
spelen echter ook een belangrijke rol bij de prestaties op TP.
Verder onderzoek van de data toonde aan dat de moeilijkste items binnen
het domein van het tactiel perceptueel functioneren vielen. Deze items doen
een beroep op hogere mentale processen, waarbij in aanvulling op de tactiele
vaardigheden ook andere capaciteiten een rol spelen, zoals bijvoorbeeld
geheugen, cognitie, bekendheid met de taak en de gekozen oplossingsstrategie.
De taken die meer appelleren aan de basale componenten van de tast binnen
het domein tactiel sensorisch functioneren werden beter beheerst dan de meer
complexe opdrachten.
Hoofdstuk 4 beschrijft een haptisch'match-to-sample’ experiment.
Dit experiment was gebaseerd op een studie van Lederman en Klatzky (1987)
waarbij geblinddoekte ziende studenten betekenisloze objecten op verschillende
tastdimensies moesten matchen. Met de hulp en toestemming van deze auteurs
hebben wij vier van hun objectsets nagemaakt voor de dimensies Exacte vorm,
Gewicht, Textuur en Volume. In onze studie participeerden blinde en ziende
kinderen en volwassenen.
Tijdens het experiment werden gegevens verzameld over de accuraatheid en
de responstijden van de vier groepen. Om de invloed van ‘bekendheid met
een taak’ te bestuderen, werd hetzelfde experiment viermaal herhaald. De
volwassenen bleken op alle vier de dimensies accurater te zijn dan de kinderen.
Onze verwachting dat de volwassenen de taak ook sneller zouden uitvoeren
dan de kinderen werd niet bevestigd. In tegendeel, op de dimensie Exacte
vorm waren de kinderen sneller dan de volwassenen. Een verdere analyse van
de gegevens toonde aan dat dit werd veroorzaakt door een relatief langzame
uitvoering van de taak door ziende volwassenen. Bij de dimensie Exacte
vorm had deze groep significant meer tijd nodig om tot dezelfde mate van
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accuratesse te komen als blinde volwassenen. Dit verschil werd niet gevonden
bij de andere dimensies. Het herhalen van hetzelfde experiment bleek geen
effect te hebben op de accuraatheid waarmee de taak werd uitgevoerd, maar
wel op de snelheid. De responstijden van alle vier de groepen deelnemers
namen in de loop van de vier experimenten af voor alle vier de dimensies.
In Hoofdstuk 5 staat een diepte-analysebeschreven van de exploratiestrategieën
die de vier groepen deelnemers gebruikten in de uitvoering van het matchto-sample experiment beschreven in Hoofdstuk 4. Alle handbewegingen en
responstijden werden op video opgenomen en gescoord op het gebruik van
stereotype handbewegingen. Bij de indeling van de handbewegingen, waarop
gescoord kon worden, werd gebruik gemaakt van de door Lederman en Klatzky
beschreven ‘Exploratory procedures’ (EP’s). In hun studie vonden Lederman
en Klatzky (1987) bepaalde relaties tussen het bepaalde objecteigenschappen
en stereotype handbewegingen. Zo gebruik je wrijvende handbewegingen
(Lateral Motion) om textuur te onderzoeken, beweeg je je handen op en neer in
de lucht (Unsupported Holding) om het gewicht van een object te bepalen, om
een indruk te krijgen van de omvang van een voorwerp omsluit je het object
met je handen (Enclosure) en om een beeld te krijgen van de exacte vorm van
een voorwerp volg je de contouren met je vingers (Contour Following). Voor
die bewegingen die niet met een EP gescoord konden worden zijn Actions’
geformuleerd. Dit zijn specifieke handbewegingen om extra informatie over
een object te krijgen. Een voorbeeld is het van de ene hand naar de andere hand
overgooien van een object (Throw over) om meer informatie te krijgen over het
gewicht. In overeenstemming met de bevindingen van Lederman en Klatzky
bleek uit de resultaten van de analyses dat alle vier de groepen deelnemers de
meest geschikte EP gebruikten om specifieke objectdimensies te onderzoeken.
Kinderen voerden echter naast de meest geschikte EP ook andere EP’s en
Actions uit. Deze bevinding bevestigt de 'redundancy theorie’ van Millar
(1994, 1997) dat kinderen meer overlappende en aanvullende informatie
nodig hebben dan volwassenen. Bij onze studie was het mogelijk twee EP’s
tegelijk te scoren. Het bleek dat als twee EP’s op hetzelfde moment voorkomen
er altijd sprake van is dat een daarvan de meest geschikte EP is. Eén Action,
een zeer korte aanraking (Brief touch), werd geobserveerd bij alle vier de
groepen deelnemers. ‘Brief touch’ kan geïnterpreteerd worden als een snelle
aanraking om informatie over een object te krijgen. De meeste Actions werden
uitgevoerd bij de objectdimensie Gewicht. Er was een verschil waarneembaar
tussen volwassenen en kinderen in de voorkeur voor het gebruik van bepaalde
Actions. Volwassenen toonden een voorkeur voor de Actions ‘Throw over’ en
‘Piek up and Drop’ (een object oppakken en laten vallen in de handpalm),
terwijl kinderen deze Actions nauwelijks uitvoerden.
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De kinderen hadden een voorkeur voor een meer door het materiaal uitgelokte
Action, namelijk ‘het onderzoeken van speciale kenmerken’ (Examine
Features). Dit betrof bijvoorbeeld een gat in een rolletje waar een kind zijn of
haar vinger door kon steken.
De efficiëntie (accuraatheid gedeeld door responstijd) in de uitvoering van
de taken verbeterde naarmate het experiment vaker werd herhaald. Beide
groepen kinderen verbeterden hun efficiëntie significant voor alle vier de
objectdimensies. De volwassenen werden alleen significant beter bij de
dimensies Textuur en Volume. In de resultaten was een verschil waarneembaar
tussen de blinde en ziende volwassenen; de blinde volwassenen waren in
efficiëntie significant beter dan de zienden bij de dimensies Textuur en Exacte
vorm. Een mogelijke verklaring voor de efficiëntere uitvoering van deze taak
door blinde volwassenen, is de ruimere ervaring die deze groep heeft met het op
de tast uitvoeren van deze opdrachten. Mogelijk passen zij meer geavanceerde
EP’s toe tijdens hun exploratie, waarbij meer vingers betrokken zijn (Rovira,
Deschamps, & Baena-Gomez, 2011).
In Hoofdstuk 6 werden de capaciteiten van het Kortetermijngeheugen (KTG)
en Werkgeheugen (WG) van blinde en ziende kinderen vergeleken. We waren
geïnteresseerd in de vraag of blinde kinderen hun gebrek aan visuele informatie
compenseren met betere verbale geheugencapaciteiten. Het is bekend dat
blinde mensen sowieso een sterker beroep moeten doen op hun geheugen,
ook bij tasttaken, omdat tastindrukken en geluid niet permanent aanwezig
zijn. Tactiele informatie wordt altijd op een sequentiële manier verkregen;
kleine brokjes informatie komen bij de tast na elkaar. Deze deelstukjes met
informatie worden in het geheugen opgeslagen en later gesynthetiseerd tot
één geheel.
Aan de studie beschreven in Hoofdstuk 6 deden 27 kinderen mee, die ook
betrokken waren geweest bij de onderzoeken beschreven in Hoofdstuk 4 en 5.
Hiervan waren 14 kinderen blind en 13 normaal ziend. De gemiddelde leeftijd
in beide groepen was 10 jaar en de intelligentie van beide groepen was binnen
de normale range. Voor het KTG werden drie taken gebruikt: Cijferreeksen
voorwaarts uit de WISC-R, Namen Leren en de 15 Woorden test. Voor het WG
werden twee taken gebruikt: een Luistertaak en Cijferreeksen achterwaarts
uit de WISC-R. Blinde kinderen scoorden significant beter op alle subtesten
dan de ziende kinderen, dus zowel op KTM- als WG-taken. De bevinding in
onze studie dat de blinde kinderen ook significant beter presteerden op de
WG-taken was nieuw.
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We denken dat de taakeigenschappen en het verbale karakter van onze WGtaken mogelijk deze significant betere prestaties kunnen verklaren.
In Hoofdstuk 7 worden de bevindingen van alle studies in dit proefschrift
samengevat en bediscussieerd in relatie tot de onderzoeksvragen uit
Hoofdstuk 1. Met betrekking tot onderzoeksvraag 1 (in welke mate beheersen
congenitaal blinde kinderen de voorwaarden om adequaat tactiel te kunnen
functioneren, zowel thuis als op school?) kunnen we concluderen dat blinde
kinderen die regulier onderwijs volgen voldoende tastvaardigheden bezitten
om de meeste taken, zowel thuis als op school, uit te voeren. De resultaten
beschreven in de Hoofdstukken 4 en 5 geven antwoord op onderzoeksvraag
2 (zijn er verschillen waarneembaar tussen het tactiel functioneren van
blinde en ziende kinderen en volwassenen?). Tactiele exploratie wordt meer
wordt beïnvloed door leeftijd dan door visuele status. Over het algemeen kan
worden geconcludeerd dat zowel blinde als ziende kinderen en volwassenen
vooral in de keuze van de meest passende taststrategie op elkaar lijken. Met
betrekking tot onderzoeksvraag 3 (Bezitten blinde kinderen betere verbale
geheugencapaciteiten in vergelijking tot ziende kinderen om hun gebrek aan
visuele input te compenseren?) trekken we de conclusie dat blinde kinderen
over betere verbale geheugencapaciteiten beschikken dan ziende kinderen.
Hoofdstuk 7 besluit met suggesties voor toekomstig onderzoek en worden op
basis van de resultaten uit de verschillende studies enkele implicaties voor de
klinische praktijk geformuleerd.
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Dankwoord
Op de omslag van dit proefschrift treft u slechts één naam aan.
Toch zou dit proefschrift nooit tot stand zijn gekomen wanneer ik dit
onderzoek alleen had moeten uitvoeren. Verschillende mensen hebben mij
vanuit diverse invalshoeken ondersteund en geïnspireerd. Allereerst wil ik
wijlen Ida Ekkens noemen. Zij vroeg mij in de jaren ’90 mee te denken over
een screeningsinstrument voor het tactiel functioneren van blinde kinderen.
Met veel plezier denk ik terug aan de vele discussies die we hebben gevoerd
over dit thema. Zij heeft mij duidelijk geënthousiasmeerd om me verder in dit
onderwerp te verdiepen. Ik beschouw haar, net als de andere projectgroepleden
van Tactiel Profiel, mede als de grondlegger van het onderzoek wat hieruit is
voort gekomen.
Frits Grevink, die 25 jaar mijn leidinggevende was op de onderwijsinstelling
van Koninklijke Visio in Huizen, heeft me steeds gestimuleerd en ruimte
geboden om te innoveren op diverse gebieden. Hij creëerde mogelijkheden
voor het ontwikkelen van nieuwe instrumenten en methoden. Hier ben ik hem
zeer dankbaar voor. Zonder zijn steun en vertrouwen was het niet mogelijk
geweest om me specifiek te richten op de tast van blinde kinderen.
Sanny van der Steen heeft me aangemoedigd om de stap te zetten naar een
promotieonderzoek. Hiervoor wil ik haar bedanken. Zij hielp mij over mijn
vrees heen om de weg van onderzoek in te slaan. Na een Masterclass in
wetenschappelijk onderzoek, welke geïnitieerd werd vanuit ‘s Heerenloo, wist
ze mij ervan te overtuigen dat ik klaar was voor een nieuwe stap in mijn
carrière. Ik startte daarom, naast mijn werk als klinisch orthopedagoog bij de
school, als promovendus.
Zowel Frits als Sanny hebben mij vanuit Koninklijke Visio steeds begeleid en
ondersteund tijdens het hele promotietraject, waarvoor mijn hartelijke dank.
De combinatie van enerzijds het werken met de kinderen en collega’s in een
team en anderzijds met het meer solitaire werk van een promovendus, heb
ik altijd als zeer prettig en aanvullend ervaren. Vooral bij de start van mijn
onderzoek miste ik de samenwerking met collega’s en ontdekte ik dat discussie
met anderen mij creativiteit en inspiratie brengen.
Eén van de eersten die ik opzocht om mee te denken over de invulling van
mijn promotieonderzoek was Anja van de Wege. Samen hebben we een aantal
keren in de ‘Paalkoepel’ in Haren constructief van gedachten gewisseld over
de tast en steeds keerde ik vol nieuwe ideeën en geïnspireerd huiswaarts.
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Aanvankelijk startte ik mijn promotieonderzoek onder begeleiding van Ludo
Verhoeven, Harry Knoors en Mathijs Vervloed. In discussie met hen werd
de onderzoekslijn uitgezet en tevens werden de eerste twee artikelen in deze
samenstelling geschreven. Later werd Astrid Kappers als promotor aan ‘mijn
begeleidingsteam’ toegevoegd. Vanaf dat moment veranderde de begeleiding.
Mathijs en Astrid werden mijn steun en toeverlaat bij het vervolgonderzoek
en het schrijven van de artikelen. Zij relativeerden tegenslagen op momenten
waarop ik niet door het commentaar van een reviewer heen kon kijken en
reageerden trouw en snel op de vele vragen en conceptversies van mij. We
vormden een hecht team en ik heb oprecht altijd het gevoel gehad dat ik met
al mijn vragen bij hen terecht kon. Dat heeft mij veel steun gegeven en het
vertrouwen om door te gaan. Mathijs en Astrid, mijn grote dank hiervoor!
Thuis werd Reinier ondertussen wel eens gek van mij als ik op vrijdagmiddag
na het versturen van de aangepaste versie van een van mijn artikelen weer zei:
“Ik ben benieuwd wat Astrid en Mathijs van deze versie zullen vinden!”. Ook
Reinier leerde mij relativeren wanneer ik in een dipje zat. “Komt tijd, komt
raad.”, bleek een wijs devies. Zonder zijn support en afleidingsmanoeuvres had
ik dit proces met veel minder plezier doorlopen. En het eindproduct ziet er door
Reiniers’ opmaakwerk mooi uit. Dank voor al het geduld wat je met mij hebt
gehad.
Op de achtergrond hebben veel meer mensen mij gesteund en hun vertrouwen
gegeven. Allereerst mijn ouders, mijn grootste fans, die al trots op me waren
voordat ik een letter op papier had gezet. Dat mijn vader de eindfase niet
meer mee kan maken, doet mij veel verdriet. Ik draag dit proefschrift daarom
aan hem op. Maar ook vrienden en collega’s, nabij en ook wat verder weg, die
geïnteresseerd informeerden naar de stand van zaken van het onderzoek, zij
hielpen mij.
Alle namen noemen vind ik lastig, want ik ben bang iemand hierbij te vergeten.
Maar het groepje van ‘Groetjes vanuit het zolderkamertje’, Lia van Emmerik
en Heleen Deymann, wil ik toch even apart vermelden. Tevens Els Vervaart, al
25 jaar mijn collega, met wie ik de basis legde voor dit onderzoek en in de jaren
’90 de leerlingvolgsystemen voor kinderen met een visuele beperking in kaart
bracht. En ook de collega’s Anneke Blok en Neeltje Janssen (laatstgenoemde is
inmiddels niet meer werkzaam bij Koninklijke Visio) wil ik speciaal bedanken.
Tijdens het onderzoek met Tactiel Profiel waren zij mijn trouwe maatjes.
Bij de start van dit traject had we niet kunnen bevroeden dat er nog zoveel
vervolgprojecten uit voort zouden vloeien tot op de dag van vandaag.
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Anneke is nog altijd 100% betrokken bij het project en Neeltje blijft de
ontwikkelingen nu op de achtergrond geïnteresseerd volgen. Maar ook Lieke
Heins verdient een ‘bedankje’, zij redigeerde veel stukken, waaronder dit
Dankwoord.
Experimenteel onderzoek kan niet worden uitgevoerd zonder proefpersonen.
Aan alle kinderen die hebben deelgenomen aan de verschillende onderzoeken,
ben ik het meeste dank verschuldigd. Net als aan de ouders die toestemming
gaven hun kind aan het onderzoek te laten deelnemen. Zonder deze toestemming
en medewerking aan het onderzoek, was dit proefschrift er niet gekomen. De
volwassen proefpersonen die deelnamen aan het match-to-sample experiment
wil ik eveneens hartelijk danken voor de inzet en de tijd die zij namen voor dit
onderzoek.
Dit geldt uiteraard ook voor de studenten Lisette, Gertie, Carin, Lieke en
Renske die alle videobanden hebben geanalyseerd en een zomer lang achter
de “Observer” hebben doorgebracht. Mijn dank ook aan Hilde, die alle
onderzoeken heeft uitgevoerd voor het laatste artikel.
En tot slot, maar zeker zo belangrijk, wil ik de organisaties bedanken die
het mij financieel mogelijk hebben gemaakt deze producten ten behoeve van
kinderen met een ernstige visuele beperking te ontwikkelen en verder te
onderzoeken. Allereerst Koninklijke Visio, die collega’s en mij de kans hebben
gegeven Tactiel Profiel in de conceptversie te ontwikkelen en ook later de
vervolgproducten heeft gefinancierd.
Vervolgens ZonMw stichting InZicht, die onderzoek naar de psychometrische
kwaliteiten van Tactiel Profiel en vervolgproducten mogelijk heeft gemaakt.
Tevens de Stichting Novum, die mij zes jaar lang half time gefinancierd heeft
om het promotieonderzoek uit te voeren. En tot slot de VGN, die mij met de
Gehandicaptenzorgprijs in staat stelde een boek te schrijven voor ouders van
blinde kinderen.
De steun van u allen heeft mij geholpen tijdens dit promotieproces.
Dank hiervoor! Ik kijk terug op een leerzame en waardevolle periode in mijn
leven.
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Chapter 7

Curriculum Vitae
Ans Withagen werd op 31 augustus 1962 geboren te Bergen op Zoom. Na
afronding van de Pedagogische Academie ‘De Vossenberg’ te Oudenbosch
besloot zij niet direct als leerkracht aan de slag te gaan, maar door te studeren.
Zij verhuisde naar Utrecht en volgde daar aan de Universiteit Utrecht de studie
Orthopedagogiek, differentiatie Leermoeilijkheden. Bij het schrijven van haar
scriptie ‘Verslag van evaluatieonderzoek naar de ambulante begeleiding van
slechtziende kinderen’, kwam zij voor het eerst in aanraking met de doelgroep
‘visueel gehandicapten’.
Na haar studie begon zij als orthopedagoog te werken bij de school van Visio
in Huizen, het Koninklijk Instituut tot Onderwijs van Slechtziende en Blinde
kinderen. Inmiddels is zij 25 jaar werkzaam als orthopedagoog op deze school.
Naast het klinisch onderzoeken van kinderen heeft het ontwikkelen van nieuwe
kindvolgsystemen specifiek voor deze doelgroep altijd haar belangstelling en
aandacht gehad.
Sinds 1999 is zij als projectleider bezig met het ontwikkelen van een instrument
om het tactiel functioneren te observeren van kinderen die vanaf de geboorte
blind zijn. Samen met collega’s uit de praktijk en in samenwerking met
medewerkers van de universiteit van Nijmegen ontwikkelde zij Tactiel Profiel.
Als aanvulling op dit instrument zijn boeken geschreven voor collega’s en
ouders met suggesties voor het stimuleren van de tastontwikkeling van
kinderen die blind zijn.
Sinds 2006 is Ans Withagen naast schoolpedagoog werkzaam als promovendus
met als onderzoeksgebied ‘het tactiel functioneren van blinde kinderen’. Dit
proefschrift is hier het resultaat van.
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