Anthropological Review « Vol 61, pp. 3-30, Poznan 1998

Studying tactile sensitivity - population approach*

Agnieszka Koztowska

Abstract

The purpose of this study was to investigate the basic characteristics of threshold tactile sensitivity in man. The
study involved the examination of over 1500 people aged from 7 to 85 years, including 300 adult subjects aged over
21 years. 55% of the population under study were females. Digital pulps of the subjects were examined with the
Semmes-Weinstein monofilaments aesthesiometer. The variability range of touch sensation was determined and the
mean value and standard deviations of tactile threshold in sex and age classes were calculated. The relationship of
touch with age, sex, body mass and height and with social and economic factors was investigated by means of the
analysis of variance. An attempt to assess the inheritability of tactile sensitivity was made. Finally, the adaptive me-

aning of the sense of touch in man was discussed.
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The history and significance of
the research on the sense
of touch

First studies on the sense of touch we-
re undertaken in the early 19th century.
According to Sir Sidney Weinstein, one
of the leading figures in this field of re-
search, the earliest known scientific re-
port on tactile sensitivity in man are the
results of Weber’s observations pu-
blished in Muller’s Archives in 1835 (!)
[Weinstein 1968]. Weber tested the
two-point tactile threshold. His report
fails to give the data on the age and sex
of the subjects (subject?), on the side of
the body or the size of the sample. It is
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most likely did not presume that these
variables could impact the result of the
test. In spite of all these shortcomings,
his observations on the lack of uniformi-
ty of tactile sensitivity (he found out it
was different in different parts of the
body) proved correct. Weinstein noted
that Weber’s drawing illustrating the
two-point discrimination test results
shows a distinct proximal-distal sensitivi-
ty gradient: sensitivity increases starting
from the trunk towards the distal parts of
the extremities. Later studies indicated
also certain differentiation of tactile
sensitivity depending on the side of the
body. The left side turned out to be more
sensitive, which was at that time associa-
ted with the predominance of the left
cerebral hemisphere. At the break of the
1950s and 1960s researchers such as L.
Ghent, J. Semmes, S. Weinstein, H. L.
Teuber, E. A. Sersen [KENSHALO 1968]
described and attempted to explain the
phenomenon of latéralisation of tactile
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sensitivity. At that time the topography
of the primary somesthetic cortex was
being explored. As a result, a hypothesis
was set forth, according to which parts of
the body, more sensitive than its other
areas, such as lips or hands, have more
extensive cerebral cortex representations
than the less sensitive areas.

In early 1960s Sidney Weinstein de-
cided to test this hypothesis experimen-
tally and to verify the validity of some
other convictions concerning the tactile
sensitivity of man, such as the conviction
about the higher sensitivity of the left
side of the human body. He subjected to
scrupulous scrutiny 24 dextromanual
men and 24 dextromanual women. He
described the results of his studies in the
chapter on “Intensive and extensive a-
spects of tactile sensitivity as a function
of body part, sex and laterality” in a wi-
dely known and popular book by
KENSHALO [1968] The Skin Senses. Up
to these days his studies are one of the
basic source of knowledge on tactile
sensitivity in man.

Weinstein’s subjects were adults,
mainly students. Their tactile pressure
threshold (the so-called intensive inve-
stigation of touch), and two-point di-
scrimination and point localisation (the
so-called extensive or spatial investiga-
tion of touch) were measured in different
parts of the body, symmetrically at its
both sides. The results of the analysis of
variance indicated that the sex of the
subject produced, an effect solely on their
threshold sensitivity (women turned out
to be more sensitive in this test). In all
the types of measurements, results clear-
ly depended on the studied area of the
body, while in some of them also the side
of the body was of certain importance. In
the threshold test, the face proved to be

the most sensitive in both sexes. The
trunk and upper extremities (fingers)
came next. In the two-point discrimina-
tion test, fingers were the most sensitive
part of the body, with the face and feet
positioned at the second and third place,
respectively. In the point localisation
test, fingers, the face and great toe, in this
order, showed the greatest sensitivity.

The previously mentioned sensitivity
gradient was also partly confirmed. The
more distal location of a given area of
the body,, the higher its sensitivity. Fin-
gers were more sensitive than the palm,
which, in turn, was more sensitive than
the forearm, etc. However, this regularity
was observed only in extensive studies -
in two-point discrimination and localisa-
tion tests. The threshold test did not
confirm the gradient hypothesis. Similar-
ly, the conviction about higher sensitivity
of the left part of the body did not find
corroboration in the results of the tests.
The hypothesis on the positive correla-
tion between the size of the primary ce-
rebral cortex representations of particular
parts of the body and their sensitivity to
touch was corroborated for the two-point
discrimination and localisation tests, but
not for the threshold measurement.

»Over the next 30 years there were
conducted more such studies, e.g. rese-
arch by w einstein [1977], Thornbury
ET AL. [1981], DELLON AND KALLMAN
[1983], KENSHALO [1986], BELL-
KROTOSKI ET AL. [1993], GRUENER &
Dyck [1994], Hage etal. [1995], Kets
ETAL. [1996], as well as numerous clini-
cal studies, mainly of diagnostic nature,
such as research by BELL-KROTOSKI,
Tomancik [1987], Al1-Q attan [1995],
MIELKE ET AL. [1996], DELLON ET AL.
[1993], LIPTON ET AL. [1990], PLATZ
[1996], cASELLI [1991], KING [1997],
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Numerous new models of aesthesiome-
ters and other equipment for measuring
tactile sensitivity became available at
that time. Several researchers ventured
investigations on a larger than usual
scale, involving tens of subjects. These
studies resulted in the confirmation of
the relationship of the sense of touch
with the sex of subjects and in the di-
scovery of a link between tactile thres-
hold and the age of the subjects tested
[Weinstein 1993, Bell-Krotoski et
AL. 1993, THORNBURY 1981], ,,

All in all, these studies did not contri-
bute a lot the existing body of data. Simi-
larly, they failed to resolve numerous
doubts on the structural background of
tactile  sensitivity and  perception
[BOozItow 1986], These problems were
taken over by physiologists and scientists
in related fields of study [JOHANSON,
Vallabo 1979,
1996],

The doubts concerning the morpho-
logical background of tactile sensations
are a serious obstacle in the progress of
anthropological studies. This is so, be-
cause they restrict the field of study.
Nevertheless, one can imagine popula-
tional studies of tactile threshold, taking
into account the behaviour of this trait
depending on selected biological and
social 'factors.

Investigating the adaptive function of
touch sensation one can use a living hu-
man population and carry out the analy-
sis of variability of a trait, searching for
factors modifying this variability. We
can only speculate on whether the same
factors operated in the past, whether
variability was similar and what was its
significance for the selection processes.
Population studies form a basis,, become
a starting point for such discussions. For

Burton, Sinclair

this reason 1 decided to supplement the
normative studies initiated by;Weinstein,
organising population research on the
touch sensitivity.

Assumptions and purpose of the
study

The general purpose of the study was
to interpret tactile sensitivity (tactile
threshold) of man with regard to its ad-
aptive significance. This objective could
be achieved only through basic popula-
tion studies involving testing the tactile
sensitivity variability range and its distri-
bution in the population under study.

Upon the analysis of the literature and
having conducted a pilot study on a gro-
up of 600 children and youths | singled
out the following factors that could con-
tribute to the variability of tactile threshold:

e biological factors, such as age,
height and mass of the body, state;of
health, thickness of epidermis measured
by occupation;

* mental factors, such as intelligence
measured with school marks in children
and with the level of education in adults,
and care received from parents;

* social factors, such as the level of
education of the subjects’ parents, num-
ber of children in the family, material
status of the family.

I assumed that an in-depth analysis of
variability combined with the assessment
of the eco-sensitivity of the trait and of
inheritability index, would be a good
basis for the discussion on the adaptive
meaning of tactile sensitivity. My study
covered 1553 individuals aged from 7 to
85 years; approximately 55% of them
were female individuals, 45% - male
individuals. Majority of the subjects -
over 1250 individuals - were children
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and youths, aged from 7 to 21 years. Out
of the total number of subjects, 300 were
adults, the number including approxima-
tely 56% of women.

Majority of the studied population
was inhabitants of the commune of Bar-
ciany (mostly pupils of primary schools
in Barciany, Winda and Krelikejmy),
others were students of the Grammar
School No. 6 in Poznan and children
from the orphanage at Pamigtkowa Street
also in Poznan.

The data being the basis for assigning
subjects to a certain category of a given
variable were obtained from the head
masters of the schools, form masters,
from school files and pupils’ medical
records. A school nurse working in the
communal health centre and .in the pri-
mary schools situated within the commu-
ne participated in the study, which facili-
tated access to the data on social and
economic situation of the subjects and on
the state of their health. This enabled me
to eliminate from the sample persons
suffering from diseases known to consi-
derably disturb the sensation of touch,
such as peripheral neuropathies (e.g. in
diabetes, carpal tunnel syndrome), or
fractures [WEINSTEIN ET AL. 1996, KU-
MAR ET AL., 1991]). The group of adult
subjects was made up of local admini-
stration clerks, labourers and representa-
tives of other occupations.

From among several options of tactile
sensitivity tests | chose the measurement
of tactile pressure threshold being the
most basic and explicitly defined aspect of
touch sensation. In truth, tactile threshold is
fairly distant from the common understan-
ding of the trait but it complies with its
biological definition: in the threshold pres-
sure investigations a stimulus means delica-
te, mechanical deformation of skin.

Measuring instrument chosen for this
study, the Semmes-Weinstein aesthesio-
rneter, is a simple apparatus. The criteria
of the reception of the stimulus are
known in advance and clear: the subject
either senses the touch or not. Owing to
the high repeatability of measurements
taken with the apparatus, its simplicity of
operation and reasonable price, the S-W
aesthesiometer is commonly used for thres-
hold pressure tests performed in university
hospitals and scientific institutions.

Due to considerable differences be-
tween tactile thresholds measured at
different areas of the skin, | decided to
select a single easily accessible and
sensitive area, if possible, susceptible to
environmental changes (such as cultural
changes related to the subject’s occupa-
tion). These requirements were satisfied
by digital pulps of the hand, used daily
for the exploration of the environment
and considered by some to be the proper
touch organs.

Threshold sensitivity -
the dependent variable

The variable investigated in this work
was the threshold sensitivity to touch
understood as constant touch or pressure.
It is most likely that irritation of the skin
with the nylon fibres of the aesthesiome-
ter stimulates Merkel’s tactile discs loca-
ted in the bottom layers of epidermis.
The plates are seated at the ends of large,
slowly adapting, myelin covered fibres,
classed as Abea type fibre [Levin et al.
1978]. Meissner’s corpuscles located in
the papilla of the dermis react rather to
dynamic stimuli, such as moving touch
[Dellon, Kallman 1983; Gruener,
DYCK 1994], There are scientists who
disagree with this view, maintaining that



Studying tactile sensitivity - population approach 7

skin deformation rather than a single,
concrete type of receptors, stimulates
receptors of various types (including the
temperature ones), and that the resulting
sensation of touch is a sum of them all
[RUTKOWSKI 1965].

Digital pulps have very high density
of tactile receptors (approximately 100-
140/cm2). Also, they arelcovered with
epidermis of varying thickness. Next to
the facial skin, digital pulps are the most
sensitive areas of the human body. This
may be due to the high density of tactile
receptors correlating with the size of the
cerebral cortex representation: the higher
the density of receptors within a given
area of the skin, the larger the represen-
tation area in the cortex. Regions of the
body showing little sensitivity to touch
have low density of receptors and, at the
same time, small cerebral cortex repre-
sentation [Traczyk 1989].

The threshold tactile sensitivity of an
individual was measured on the digital
pulps of the little finger and the index

Fig. 1. Innervation ofthe hand. Dorsal surlace of the left
hand. Grated field - radial nerve, rest - ulnar nerve

finger of the left hand. The fingers were
chosen taking into account the innerva-
tion of the palm side of the hand (see
Figs. 1, 2), and the results of the pilot
studies indicating that particular fingers
do not differ with respect to their sensi-
tivity [Koz+owska 1993]. The choice of
the side of the body was determined by
the literature data indicating higher sen-
sitivity of the left hand [WEINSTEIN
1963, 1968]. Only the little finger mate-
rial was selected for analysis.

The distribution of the tactile thres-
hold values (Fig. 3) for the little finger
was strongly skew, in spite of a normali-
sation procedure applied by the manufac-
turer of the aesthesiometer [DELLON ET
aL 1993a, b]. However, we should re-
member, that Weinstein, like the majori-
ty of his followers investigating thres-
hold tactile sensitivity, based his research
on a distribution made up of sensitivity
measurements taken in various places of
the body, while in the present work me-
asurements were taken exclusively from

Fig. 2. Innervation ofthe hand. Palmar surface of the left
hand. Lined field - median nerve, rest- ulnar nerve
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Resuits of normality tests:
K-Sd«0,33957, p<0,0! } LHliefors p<0,01
Shapiro-Wllk Wa0,74720, p<0,000

Tactile thresholds (SWM log sale)

Fig. 3.. Distribution of light pressure thresholds (SWM
log scale) for the 1553 little fingers and results of nor-
mality test for the distribution

asingle, ..selected area (digital pulps).
The fixed area of measurements made it
possible to capture inter-individual diffe-
rentiation of tactile sensitivity. Owing to
the considerable size of the sample the
result is likely to reflect the reality -
majority of the individuals show the
level of sensitivity close to the left edge
of the distribution, i.e. higher than the
population mean.

Factors that may influence the
sense of touch - independent
variables

Age. The phenomenon of ,weake-
ning” of the senses with age is well
known. Vision, hearing and sensitivity to
touch deteriorate with age. VERILLO
[1996], who studied the changes in the
threshold of vibration, taking place with
age noted statistically significant lower-
ing of tactile sensitivity in aged persons.

Contrary to the appearances, these
changes are not obvious. With age, hu-
man skin becomes increasingly thinner,
which implies that the sense of touch
(similarly to the sense of temperature)
could be an exception to the general
tendency of the senses to weaken in
the process of ageing [THORNBURY,

MISTRETTA 1981], Furthermore, the
relationship between the thickness of the
skin and the tactile threshold level is still
unclear: the most sensitive areas of the
body, such as the face and digital pulps
differ considerably with regard to the
thickness of the skin.

When grouping the subjects into age
classes, | took into account their number
and the course of their ontogeny. Since
the size of the sample was large enough,
1 isolated narrow age categories (one-
year interval) for peripubescence and
wide age categories within the adult
group (Fig. 4).

N»I55]

78 9-10 1112 13 14 15 14 1721 22-40  41-86

Ag" (years)

Fig. 4. Age distribution among study subjects

Sex. According to the authors of the
book Brain Sex. The Real Differences
Between Men and Women [MOIR, JESSEL
1993], differences between men and
women are manifested also in the make-
up and the function of the nervous sys-
tem. Quoting the works by Garai and
Scheinfield, as well as by McGuinness,
they maintain that women are more
sensitive to touch than men. They claim
the difference to be so great that the vari-
ability ranges for both sexes hardly ever
overlap. Unfortunately, the book does
not specify which exactly aspect of touch
sensation was measured and in by what
method. Women’s skin is thinner than
men’s skin. Their occupations (at least
in our culture) involve more light and
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precise works. If the sensitivity of fe-
males were determined mainly by the
cultural factor, higher sensitivity could
be observed already in small girls, as the
authors of Brain Sex suggest referring to
McGuinness’ study. However, if a bio-
logical factor (e.g. a hormonal one) is
responsible for the increased sensitivity
of women the differences should appear
only in adults, or in postpubescent children.
Body height and mass. Dimensions
of the body may affect tactile sensitivity
in a variety of ways. Firstly, with the
fixed number of receptors, increased
height and mass ofthe body results in the
lower density of receptors per surface
area unit. Secondly, body height and
mass, being highly eco-sensitive traits
reflecting the level of biological devel-
opment may also reflect the effect of
numerous environmental factors modify-
ing a given feature. Having assumed that
higher sensitivity to touch is related to
higher density of receptors, the number of
which is established in perinatal period and
declines with age, obese children should be
less sensitive than their slimmer peers.
Since the height and mass of the body
are age and sex-related traits, | carried
out all the calculations of these variables
separately for each sex on sets standard-
ised according to age. For the purposes
of the analysis of variance, | created 3
classes for both variables. From the stan-
dardised sets | isolated individuals falling
between the range of +0.5 and -0.5 of
standard, deviation. They formed a mid-
dle class. The two extreme categories
including individuals with the values of
above 0.5 of standard deviation and be-
low 0.5 of standard deviation formed two
further categories. In order to capture the
effect of. body dimensions on the tactile
sensitivity variance, | calculated the BMI

{Body Mass Index) according to the for-
mula: mass [kg]/(height [m]) . I standard-
ised the resulting index in sex and age
classes, and subsequently categorised it
similarly to the body height and mass.

Occupation. It is a common belief
that the sensation of touch depends upon
the thickness (hardness) of the skin and
epidermis. Unfortunately, there are only
few works on the relationship between
tactile sensitivity and skin thickness.
Handbook The Skin Senses [K.ENSHALO
1968] gives an example of the increased
sensitivity in women employed in spin-
ning rooms of a cotton mill. As a result
of their occupation they developed ex-
tremely thin digital pulp epidermis.
However, this isolated example cannot
be treated as a proof for the existence of
such a dependency, especially that the
above-mentioned handbook describes
also counterexamples.

Table 1 shows the criteria applied in
this work for grouping subjects into
categories, depending on the presumed
effect of occupation on the thickness of
epidermis.

Education. Education is the best in-
dicator of the social status. At least it is
so in Poland [KACZMAREK 1995]. It is
also an easily determined, explicit and
precise factor. In Poland, the level of
education is a feature of small mobility.
It, so to say, “descends through genera-
tions” This trend is very strong and per-
sistent, in spite of attempts to counteract
it. Today, only every 80-th university
student comes from a farming family.
Thus, education reflects not only intelli-
gence (it would be unreasonable to think
that the Poles with rural background are
less intelligent than their countrymen
born in urban areas) and the financial
status of an individual (of his/her family)
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Tabic 1. Variable: Occupation in categories. Criteria of
classification

Category Characteristics of Occupations included
category

light indoor works, an official in charge of

1 e.g. office works; administration; a shop

attendant; a social
administrator; a
house-keeper; an
accountant; a librarian;
a tailor; a steward;
out-of-work women

precise works

light outdoor works; a car mechanic;
2 light indoor labour a caretaker; a driver;
works an upholsterer; a

carpenter; a cook;

a store-keeper;

a baker; a cook
assistant; out-of-work
men; pensioners

a turner; a labour
worker, pensioners
who used to work very
hard for a long time

a tractor-driver,;

a farmer; a milkmaid

hard labour indoor
3 works; light labour
outdoor works

hard labour outdoor
4 works; very hard
labour indoor works
but also, and maybe even primarily, cer-
tain model of social behaviour.

I split the education variable into
education of the subjects (applicable to
adult subjects) and education oftheparents
(applicable to children and adolescents).

Classifying parents’ education, |
adopted the mother’s education as a cri-
terion of assignment to particular groups.
When the level of father’s education was
higher by more than one category than
the level of mother’s education | aver-
aged the data. My adoption of this mode
of classification of this variable stems
from the results of Polish anthropological
studies of the recent decades, proving the
decisive influence of the mother’s edu-
cation on the biological development of
her children [wALISZKOCT/JL. 1987],

Material status. Similarly to the
education variable, material status is an
important component of the social status.
In this work, the material status of the
subjects or, in the case of children, of
their families was established by means

of interviews. Due to the fact, that in the
region under study the unemployment
rate was high, and the unemployed lived
either on unemployment benefit or on the

assistance of their relatives, | tried to
establish the living condition of the
families rather than the level of their

income. Families living on social benefit,
inhabiting extremely modest dwellings
(such as a single-room flat for a family
consisting of several people), or those
with children receiving free meals at
school, which could not afford some
school handbooks or basic clothes for
children were considered poor or very
poor and classified in category three.
Families whose status, compared with
other families, was average (at least one
of the parents had a job, they lived in a
several-room flat providing minimum
privacy for the children (separate beds,
room for study) and for other members of
the family, were classified in categoiy two.
Families whose living conditions and em-
ployment situation were better than average
in this region of Poland and labelled as
good (a flat the with density of at most 2
people per room, frequently a car, working
parents) or very good (a house or a large
apartment, a car, high income) were classi-
fied as categoiy one families.

Number of children in the family.
This variable was chosen due to its
significant effect on the social status.
Apart from that, the information on the
number of children in the family, in the
case of similar dwelling conditions, may
be an indication of the density of inhabi-
tants in a dwelling, which probably pro-
duces an effect on the frequency of tac-
tile communication. In spite of the fact,
that the material status of families with
many children is frequently worse than
the status of other families, and that
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parents have less time to devote to each
child, social development of children
coming from these families may be better
than that of single children. This may be
ascribed to the fact that, customarily
elder siblings take over certain parental
(caretaking) functions. | isolated 4 cate-
gories of the variable, containing more or
less the same number of subjects. These
were: families with 1-2 children, 3 chil-
dren, 4-5 children, and 6-10 children.

Parental care. Data that enabled me
to split this variable into classes were
gathered by way of interviews with form
masters, head masters, and the district
nurse. Children were grouped into
classes. The first class included children
receiving good parental care - where
parents took good care of their child,
regularly attended parents-teacher meet-
ings, participated in school events and
ensured the child a good rest during holi-
days. The second class grouped children
receiving average care. The third group
included slightly neglected children or
children from single-parent families
(brought up by one of the parents or by
grandparents). The fourth category grouped
the children from pathological families.

School marks. The effectiveness of
information processing in people can be
measured in a variety of ways. In the
case of school children, school results
(average marks) may be one of the indi-
cators of the intelligence. Education may
be considered an indicator of intellectual
skills in adults, especially in the lower
categories of the variable.

Average marks were calculated for
almost 120 pupils..These were all the
tested in 1993 or 1996 pupils of the Pri-
mary School in Barciany, who in the year
of study were attending at least the
fifth form. Pupils whose average mark

(in scale from 1 to 6) was above 3.75
(out of 5) were classified as category
one, pupils with the average mark below
3.0 and the ones attending compensation
classes made up category three. All other
children formed category two.

The above variables were supple-
mented with the menarche variable. It
was treated as an auxiliary trait helpful in
the assessment of the age of puberty and
of the subjects’ pace of development. It
served as an indicator of puberty and a
means for the explanation of tactile
sensitivity differences between sexes. If
the differences result from the increased
quantities of female sex hormones in
adult women in relation to girls, the
comparison of menstruating girls with
these that have not started menstruating
yet should provide conclusive evidence.

Analysis of results

Prior to the main analysis | checked
whether there is a significant difference
between the sensitivity of the small and
index finger (both fingers are innervated
by separate nerves). | also measured the
repeatability of tactile sensitivity meas-
urements (Table 2). In Table 2 and other
tables representing the descriptive statistics
of the variables, | used the following
symbols: N —numerical force,'»» - mean,
me - median, v - variance, d - standard
deviation, e - measuring error, S - skew-
ness, K —kurtosis.

The results shown in the table indi-
cate high repeatability of measurements
(measuring errors for the little and index
fingers are 7%). They also show there
are no statistically significant differences
between the sensitivity of the small fin-
ger and index finger. For this reason,
having analysed the distributions of tac-
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Table 2. Pearson correlation coefficients and error of measurements for the light pressure thresholds of little finger
and forefinger. Significant results are marked with asterisk

Tactile pressure thresholds -

Test comparison between little finger and
forefinger
e N=1553
Pearson correlation r=0.87*
coefficient t=69.62*
p=0.00*

m, v, sd of differ-
ences in measure-
' ments

tile sensitivity measured in various units,
I have chosen the values expressed in
SWM units (aesthesiometer monofilament
markings) for further analysis. Since, tac-
tile sensitivities of the little finger and
the index finger showed great similarity
(similar mean values), the values of
thresholds for both of the fingers were
strongly correlated and had very similar
distributions. For my studies | chose the
little finger, as the one less exposed to
the modifying effect of the environment
(for instance, for the pressure occurring
in the course of physical work).

Descriptive statistics of the dependent
variable

Basic statistics for the dependent vari-
able, being tactile sensitivity measured on
digital pulps, expressed in three different
units that can be read on the aesthesiometer
are shown in Table 3. The units mentioned
are SWM, F- gramme, and P- g/mnr.

Since, | chose only one finger for
my investigation, 1calculated the basic
statistics of the dependent variable in
sex and age classes, that is in classes in
which | had standardised the tactile
sensitivity variable only for the little
finger. The results are shown in Table 4.

Relationships between factors - inde-
pendent variables

As could be expected on the basis of
the earlier anthropological studies, such

Estimation of repeatability of measurements -
comparison between two measurements of each individual

N=17
Little finger Forefinger
r=0.82* r=0.86*
t=5.* t=6.*

p=0.000062* p=0.000011*
m=-0.0459 m=0.0229

V=0.0358 v=0.0280
scf=0.1892 sd=0.1672

aS Koz#owska [1993], Kaczmarek

[1995], the majority of the selected fac-
tors are interrelated. Tables 5 and 6 con-
tain estimations of this co-variability by
means of the 9% test and Goralski’s coef-
ficient of the strength of relationship
[Strzatko, Roznowski 1992] that may
be used for comparing pairs of variables
characterised with a different number of
categories.

With the pairs of variables describing
children and adolescents | dealt similarly
to the variables concerning the adult
subjects. Chi-square test results, as well
as the numerical force of the pairs and
the Goralski’s coefficient of the strength
of relationship for the group of children
are shown in Table 6.

The data in Table 6 indicate that in
the group of children only the sex vari-
able can be considered an independent
factor —all other factors are related in a
significant way with at least three other
factors. With the exception of the rela-
tionships of sex and parental care with
age, which in this case are likely to be an
artefact resulting from the age distribu-
tion in the collected material, the interre-
lations that occurred between the vari-
ables can be rated as fairly common and
they can be easily explained.

In the situation when independent vari-
ables are in fact dependent, interrelated
in a variety of ways, it is more appropri-
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Tabic 3. Descriptive statistics of tactile threshold sensitivity (N=1553)

Variable Units of measurements* m v sd e S K
SWM log scale 2.78 2.83 0.12 0.34 0.01 1.66 521
Little finger Calculated force (g) 0.108 0.068 0.151 0.39: 0.010 21.027  566.980
Calculated stress (q/mm2) 5.79 4.86 22.03 4.69 0.12 5.75 51.47
SWM log scale 2.80 2.83 0.12 0.34 0.01 1.42 3.42
Forefinger Calculated force (g) 0.108 0.068 0.062 0.250 0.006 11.732  199.000
Calculated stress (g/mm2) 5.95 4.86 19.51 4.42 0.11 4.55 13.82

*Adapted from Lewin ETAL. [1977] and Dellon EIAL. [1993]

Tabic 4. Tactile threshold pressure. Means and standard deviations in groups of age and sex

Females
Age group N m sd me
7 68 2.57 0.298 2.44
9 94 2.57 0.220 1244
1 97 2.57 0.237 2.44
13 60 2.65 0.199 2.83
14 80 2.79 0.260 2.83
15 102 2.78 0.174 2.83
16 67 2.80 0.259 2.83
18 112 2.75 0.199 2.83
30 86 2.75 0.248 2.83
60 82 3.18 0.538 2.83
Total 848 2.74 0.323

Males

N m sd me
74 2.65 0.209 2.83
87 2.65 0.208 2.83
107 2.68 0.255 2.83
66 2.75 0.219 2.83
66 2.84 0.310 2.83
82 2.83 0.150 2.83
52 2.90 0.231 2.83
40 2.87 0.302 2.83
57 2.90 0.291 2.83
. 74 3.42 0.495 3.61

705 2.83 0.351

Tabic 5. Chi-square test for variables for adults

Variable Age Sex
Sex X2=1.73
p=0.18
N=299
Education X2=61.67* X2=19.09*
p=0.00000* p=0.00007*
N=300 N=300
r,=0.45 r,=0.35
Material status X2=0.67 X2=1-22
p=0.7 p=0.54
N=281 N=986
Occupation X2=41.07* X2=60.44*
p=0.04* p=0.00000*
N=303 N=303
r,=0.40 rp=0.58 ,
Health X2=12.53 x -8.35*%
p=0.99 p=0.04*
N=297 ,  N=297
r,=0.23

rp- Goralski’s coefficient of strength of relationship

ate to carry out factor analysis or multi-
way variance analysis. Nevertheless, 1
decided that, one-way analysis could, if
carried out first, be a source of- useful
information, regardless of the fact it de-
scribes a hypothetical situation, meaning a
situation in which selected variables would
act on tactile sensitivity under investigation

Education Material status Occupation
X2=31.57*
p=0.00000*
N=286
r,=0.39
x2= 132.9% X"=33.77*
p=0.00000* p=0.00001*
N=300 N=288
r,=0.68 r,=0.40
x2=20.69* X2=14.26* X2=18.17*
p=0.002* p=0.03* p=0.03*
N=292 N=285 N=295
r,=0.32 r,=0.27 r,=0.28

independently from one another.

1 carried out the analysis of variance
and obtained very distinct results. Al-
most all factors, in statistically highly
significant way (significance level at
0.001 and higher) produced an effect on
the dependent variable.

A wide range of variability and cases
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Table 6. Chi-square test for children (individuals aged under 21)

14
Variables Age Sex BMI
Sex X2=32.08*
p=0.000*
N=1254
r,=0.22
BMI X2=12.28 X2=3.10
p=0.83 p=0.21
N=1221 N=1221
Education of X2=40.72* X2=1.45 X2=3.83
parents p=0.002* p=0.48 p=0.43
N=654 N=654 N=648
r,=0.30
Material status of X2=35.31* X2=1.21 X2=14.28*
the family p=0.001* p=0.54 p=0.006*
N=711 N=986 N=689
r,=0.27 r,=0.17
Number of children X2=21.44 X2=1.06 X2=10.64
in the family p=0.77 p=0.66 p=0.1
N=704 N=704 N=696
Parental care X2=106.18* X2=1.73 X2=18.28*
p=0.000* p=0.63 p=0.006*
N=698 N=698 N=691
r,=0.42 r,=0.20
School marks x =21.70 X~17 X2=3.33
p=0.24 p=0.12 p=0.5
N=117 N=117 N=115

rp- Goralski’s coefficient of strength of relationship

of the lack of uniformity of the variance
of variables in particular categories made
me modify the set. 1 repeated the one-
way variance analysis on a set standard-
ised according to age and sex (I made
the previous analysis separately for
each sex, on the set standardised ac-
cording to age only). Due to the fact
that | extended standardisation to cover
also the sex variable, in the course of
the analysis of particular variables |
obtained higher numerical forces in
classes. When re-standardising 1 in-
creased the number of age classes
within the adult group, which allowed
me for more precise investigation of
the changes of tactile sensitivity with
age. Apart from that, with the use of
the Q-Dixon test | excluded the indi-
viduals with extreme values of tactile

Education Material Number of Parental
of parents status of children in care
the family the family
X2=153.14*
p=0.000*
N=652
rp=0.53
x =72.1* X2=93.86*
p=0.000* p=0.000*
N=652 N=685
r,=0.39 r,=0.43
X2=177.76  X2=349.41*  x2=41.02*
p=0.000* p=0.000* p=0.000*
N=651 N=691 N=685
r,=0.57 r,=0.71 r,=0.29
X2=47.51* X2=28.98* X2=25.37* X2=40.05*
p=0.000* p=0.000* p=0.000* p=0.000*
N=116 N=117 N=117 N=117
r,= 0.66 r,=0.55 r,=0.52 r,=0.62
threshold [STRZAELKO, ROZNOWSKI

1992], The basic statistics for the modi-
fied set are shown in Tables 7 and 8.

Subsequently, 1 supplemented the
variables making up the set with men-
arche. This variable is used for the com-
parison of the significance of the differ-
ences in tactile sensitivity between girls
with differentiated level of female hor-
mones in blood, that is girls that had
experienced the menarche prior to the
investigation and those that were still
before the first menstrual period.

The analysis of variance on the
modified set was carried out only for the
variables satisfying the requirement of
the uniformity of variances; the results
where F value was statistically insignifi-
cant (a > 0,05) were not interpreted.
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Table 7. Descriptive statistics of tactile threshold pressure. Modified sample for N = 1544
Variable Unit of measurement m me v sd e S K
SWM 2.78 2.83 0.11 0.33 0.01 171 5.50
Little finger F(g), 0.106 0.068 0.150 0.38 0.009 21.291 576.030
P(g/mm 5.74 4.86 21.24 4.61 0.12 5.99 55.552
SWM 2.80 2.83 0.11 0.34 0.01 145 351
Forefinger F(S) 0.106 0.068 0.061 0.247 0.006 12.076  207.964
P(g/mm’) 5.90 4.86 18.81 434 0.11 4.69 38.43
Table 8. Tactile threshold pressure for modified sample
Females Males
Adge qroup N m sd me N m sd me
7 66 2.53 0.201 2.44 74 2.65 0.209 2.83
9 94 2.57 0.220 2.44 87 2.65 0.208 2.83
n 96 2.56 0.213 2.44 107 2.68 0.255 2.83
13 60 2.65 0.199 2.83 65 2.74 0.173 2.83
14 80 2.79 0.260 2.83 65 2.86 0.274 2.83
15 102 2.78 0.174 2.83 81 2.83 0.150 2.83
16 66 2.78 0.207 2.83 51 291 0.224 2.83
18 111 2.74 0.182 2.83 40 2.87 0.302 2.83
25 24 2.66 0.201 2.83 26 2.84 0.240 2.83
35 62 2.79 0.258 2.83 31 2.95 0.324 2.83
43 28 2.89 0.334 2.83 23 311 0.398 2.83
53 31 3.15 0.483 2.83 26 3.38 0.479 3.61
73 23 3.58 0.582 3.61 25 3.74 0.402 3.84
Total 843 2.73 0.314 701 2.83 0.351
1 1 1 N-1544
| started the analysis of variance with oo
checking the sex and age variables. In m 0401 ; .
accordance with the results obtained in | s L.
earlier studies, quoted in numerous pub- ? ot 5 ;
lications, these variables significantly geg T g >
differentiated the tactile sensitivity of the ] K oo
subjects. Fig. 5 shows the results of the g Noz)
analysis of variance by age. Here, clear s
03 Fenules Mil

differences can be observed in the tactile
sensitivity of both sexes. One possible
explanation of this result is the fact that
women’s skin is thinner, which, in turn,
is conditioned hormonally. In order to
verify this concept, | subjected to the
analysis the girls that menstruated in the
year of study and those before the first
menstrual period. The F-test value in the
analysis of variance (F=0.25) did not
allow for the rejection of the null hy-
pothesis according to which the level of
sex hormones in man has no effect on the
tactile sensitivity of man.

The effect of the age factor on tactile
sensitivity of man is equally evident. In

Sex

Fig. 5. Analysis ofvariance of tactile threshold
according to sex

spite of the fact that the curves of tactile
sensitivity are not identical (Fig. 6 and 7)
for women and for men, they are climb-
ing for both sexes, with a characteristic
protuberance in the peripubescent period.
In the age categories of 43 years for
women and 35 years for men the first
leap illustrating the decline of sensitivity
to touch may be observed. In each subse-
quent age category the weakening of the
sense oftouch is increasingly greater.
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Females N=84J
F»43,0J. p»0,00*
38
'3
Z28 iS o iS i« .®W

1 26 -aBgDCP
24
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' Age (mean In category) "
Fig. 6. Analysis of variance oftactile thresholds
according to age, for females

7 9 18 25 35 43 53 73

Miles N* 701
F*50,22 p«0,00*

I 13 14 15 16 18 25 35 43 53 7]
Age (mein In cattegory)
Fig. 7. Analysis of variance of tactile thresholds
according to age, for males

Summing up the results obtained in
the analysis of variance (Tab. 9), we can
state that age, sex, body mass index,
school achievements, parental care,
number of children in the family as well
as material status, education and state of
health are variables that in a highly sta-
tistically significant way differentiate
tactile threshold sensitivity. Definitely
negative result was obtained only in the
analysis of the menarche variable, while
the occupation variable gave an ambigu-
ous result. High statistical significance
does not automatically entail a high share
of a given variable in the explanation of
the variance of the dependent variable.
That is why, in Table 9 containing the most
important results of one-way analysis of
variance | included an estimation calcu-
lated on the basis of a relevant formula
for the value of the variance explained

with a given independent variable.

Obviously, due to the previously indi-
cated interrelationships between the in-
dependent variables, the results repre-
sented in Table 9 cannot be treated as a
basis for final conclusions.

In order to check, in what way the ef-
fects of potential interaction in the pairs
of variables affect the picture of a vari-
able under investigation | carried out the
two-way analysis of variance. The multi-
way analysis would have been more use-
ful, but it was impossible due to the size
of the sample (1500 people). | split the
calculations into two groups: children
and adults. This division was imposed by
the variables themselves, since part of
them, such as body mass, parental care
or school marks applied only to indi-
viduals under 21 vyears of age, while
other variables, such as occupation or
state of health applied exclusively to
adults. | carried out this, analysis on the
set standardised according to sex and age.

The results were tabulated, separately
for children and separately for adults
(Tables 10 and 11).

As evident from Table 10, the effects
of certain variables cancel each other in
pairs. Thus, for instance parental care
and level of their education, similarly to
parental care and material status, since
they occur together, have no effect on the
variability of the dependent variable. In
other pairs the effect of only one variable
was noticeable. For instance, in the pair:
education of the parents and material
status, only the former variable had a
significantly differentiating effect on
tactile sensitivity, while in the pair:
school marks - number ofchildren in the
family, only the latter variables produced
a significant effect, at the level of
p<0,05. The menarche, as expected,
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Table 9. Analysis of variance of tactile thresholds (SWM log scale). Apart from variables Age and Sex, analysis for
set standardised according to age and sex

Independent N Homogeneity of F p-level % of variance
Variables variance explained

Age - Females 843 no 43.03 0.001 73.37
Age - Males 701 no 50.22 0.001 49.24
Sex 1544 yes 79.048 0.000* 9.47
Menarche 422 yes 0.25 0.615

BMI 1221 yes 4.12 0.016 1.26
Education 300 yes 14.79 0.000* 13.75
School marks 117 yes 1121 0.000* 24.00
Education of parents m 654 yes 9.04 0.000* 4.50
Number of children 704 yes 11.80 0.000* 6.91
Maternal care 698 yes 7.69 0.000* 4.97
Material status 705 yes 9.82 0.000* 4.41
Material status of subjects

tested 146 yes 7.01 0.001 16.19
Occupation N=303; yes 5.25 0.002 9.43
Health N=297 ves 5.88 0.016 14.99

Table 10. Two-way analysis of variance for children; p-level of F test for variable 1 (upper value), variable 2 (middle)
and the interaction effect (bottom)

.Variable 2
Variable 1 Education Number of Material Parental care  School mark Menarche
level of children in the status
parents family
BMI 0.029161 0.000745 0.001254 0.001314 0.008355 0.170803
0.000092 0.000000 0.000086 0.00004 0.000004 0.222472
0.017461 0.018000 0.15562 0.619389 0.179404 0.345326
Education level of 0.06332 0.00123 0.471912 0.335534 0.166933
parents 0.000024 0.103965 0.060461 0.02853 0.941009
0.046069 0.694894 0.26768 0.488639 ' 0.308579
Number of children in 0.000227 0.000014 0.107052 0.061915
the family 0.07115 0.002119 0.020856 0.969995
0.687939 0.22225 0.382987 0.750756:
Material status 0.088777 0.030728 0.272618
0.218825 0.000231 0.725758
0.158293 0.103918 0.840772
Parental care 0.110377 '
0.444473
0.335954
School marks 0.285562
0.888464
0.643421

Table 11. Two-way analysis of variance for adults; p-levcl of F test for variable 1 (upper value), variable 2 (middle)
and the interaction effect (bottom)

Variable 2
Variable 1 Occupation Material status Health
Education 0.025587* 0.003103* 0.000081*
0.903933 0.003396* 0.170784
0.075461 * 0.774136 0.019041*
Occupation 0.304512 0.371576
0.001114* 0.120285
0.430952 0.386653
Material status 0.003473*

0.046420*
0.271092
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exerted 110 statistically significant influ-
ence on variability, neither in isolation
nor in a pair with any other variable.

In the remaining pairs both variables
exerted a statistically significant influ-
ence on the variance of tactile threshold.
Among them there were two pairs pro-
ducing an extra interaction effect. These
were: the Body Mass Index - Parents
education pair and the Body Mass Index
and number of children in the family
pair. In a single case - in the pair includ-
ing education of the parents and number
ofchildren in thefamily - only the latter
variable had a significant effect on the
variance of tactile threshold, but both
variables when acting in concert, gener-
ated an additional effect significantly
differentiating the sense of touch.

In the BMI - number of children in
the family pair (Fig. 8) both variables
differentiate the sensation of touch in a
highly statistically significant way, pro-
ducing additionally a strong interaction
effect. This shows that the divergence of
the mean values (the slimmer - the more
sensitive) characteristic of BM1 is present
only in families with many children. This
indicates that the fact that there are not
many children in the family could have a
stabilising effect on tactile sensitivity,
maintaining it at a higher than the aver-
age level.

BMI behaves similarly in the pair
with education (Fig. 9). In the families
with parents having secondary or aca-
demic education, children of differenti-
ated obesity (varying categories of Body
Mass Index) are similarly sensitive,
though, always sensitive above the aver-
age (only the mean value for more obese
children approximates the value of the
population mean). In turn, in the families
where the parents obtained the lowest level

- primary or incomplete primary education
-B M I distinctly differentiates tactile sensi-
tivity. Here, the slimmest individuals have
the lowest sensitivity thresholds.

The material status and average
school marks variables (Fig. 10) do not
produce an additional interaction effect.
In all the cases (categories) of material
status, mean values of tactile sensitivity
in the school marks category distribute in
a similar way: better pupils are more
sensitive than worse pupils. However, it
is worthwhile noting that the lower the
material status the lower the average
sensitivity, even among the best pupils.
In well-off families the best pupils devi-
ated from the population mean of tactile
sensitivity by 0.5 of standard deviation,
while in the poorest families the best
pupils’ sensitivity was exactly average
(the mean value in this group was in line
with the population mean).

In the number ofchildren in thefamily -
education ofparents pair of variables (Fig.
11) the former variable is the main factor
influencing the variability of tactile sensi-
tivity threshold. Its effect is enhanced by
the interaction ofthe variables.

Figure 12 illustrates the interaction
between BMI and material status. In
well-to-do families BMI does not differ-
entiate the sensation of touch - more
obese children are only slightly less sensi-
tive than other children. However, the
worse the material status of the family, the
stronger body mass affects the sensitivity
threshold, lowering it in slimmer children.
In the poorest families, though, even the
most sensitive subjects (slim children) have
the group mean oscillating around the
population mean, while in well-off families
the mean value for the most sensitive ones
(the slim and medium built) is lower than
the population mean.
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Figs. 8-13. Two-way analysis of variance of tactile treshold according to BMI and the number ofchildren in thefamily
(Fig. 8), BMI and Parents' education (Fig. 9), school marks and material status (Fig. 10), number o fchildren in the
family and Parents "education (Fig. 11), BMI and material status (Fig. 12) and BMI and parentia! care (Fig. 13)

The situation is similar in the case of
BMI and parental care (Fig. 13): all the
individuals classified under the highest
category of parental care, regardless of
their body mass show similar sensitivity,
with approximately 0.2 of standard
deviation from the population mean. In
lower categories of parental care, BMI
behaves according to the well-known
pattern: slimmer individuals show greater

sensitivity.

The diagram in Fig. 14 shows that the
school marks variable, regardless of the
individual’s body mass, affects tactile
sensitivity in all BMI categories, the in-
dividuals with the highest average school
mark are the most sensitive. This effect
is enhanced with the body mass factor in
the following way: slimmer individuals
with the highest average school marks
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are by more than one standard deviation
more sensitive than more obese indi-
viduals achieving equally good school
results.

The pair of variables represented in
Fig. 15 shows a stabilising effect of the
number ofchildren in thefamily acting in
concert with the parental care variable.
Children from families with a low num-
ber of children, regardless of the quality
of parental care, are more sensitive than
children from large families. In small
families only children from the families
classified as pathological ones have the
threshold mean oscillating around the
population mean. Other children in this
group are sensitive above the average. In
large families, only children receiving
good and very good parental care show
average, or above average, sensitivity.
The other categories of parental care in
families with many children are charac-
terised with the mean value exceeding
the mean threshold value, which signal-
ises a gradual weakening of sensitivity
along with the decrease of the parental
care standard and the increase of the
number of children in the family.

In a similar way | carried out the two-
way variance analysis for the group of
adults. Its results are shown in Table 11
and illustrated with diagrams in Figures
16 to 18.

In all pairs with the education vari-
able, the factor differentiates tactile
sensitivity in a statistically significant
way, being a weighty contribution to the
effect (occupation and state of health
factors occurring in the pair with educa-
tion do not produce a significant effect
on the threshold variability of touch).
Material status is another factor produc-
ing a similarly clear effect. Its influence
on tactile variance remains statistically

significant in all the pairs of variables
formed with its participation. Occupa-
tion, on the other hand, unlike in the one-
way analysis, became neutral, while the
health variable retained its ability to dif-
ferentiate touch variance only in the pair
with material status. An additional inter-
action effect occurred only in one com-
bination of the pairs of variables, when
health was combined with education.

The nature of these mutual relation-
ships is shown in the diagrams in Figures
16 to 18.

It is evident from Figure 16 that in all
categories of education well-off subjects
are more sensitive than the subjects with
average material status, and these sub-
jects in turn are more sensitive than the
individuals living in poverty. However,
the mean values of tactile threshold in
particular categories of material status
are not identical at subsequent levels of
education. The mean tactile threshold of
well-educated and well-to-do individuals
reaches the level of -0.4 of standard
deviation, while the mean for well-educated
individuals living in bad conditions oscil-
lates around the population mean.

In the pair of variables including state
of health and education, the latter vari-
able in healthy people differentiates the
mean values according to the earlier ob-
served pattern: the higher the education
level, the lower the tactile threshold
(higher sensitivity). Yet, in the group of
ill individuals, this pattern was disturbed,
most likely, by the distribution of fre-
quency of particular diseases in catego-
ries of education.

When health and material status acts
in concert it is evident that the group of
healthy individuals is generally more
sensitive than the ill in the same catego-
ries of material status. Nevertheless, it is
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worthwhile emphasising, that both ill and
healthy individuals with good material
status are similarly sensitive - only lower
categories of material status are charac-
terised with considerably lower, com-
pared to the group of healthy individuals,
mean values in corresponding categories.

Interrelationships between variables
revealed as a result of the analysis and
the additional differentiating effects re-
sulting from the combined action of vari-
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Figs. 14-18. Two-way analysis of variance of tactile

threshold according to school marks and BMI, (Fig. 14),

parental care and numbe of children min the family

(Fig. 15), material statius and education of subject

tested (Fig. 16), education and state o f health (Fig. 17)
and material status and state o fhealth (Fig. 18)

ables enable us to indicate the most im-
portant factors producing a decisive ef-
fect on the variability of tactile threshold.
These are: for children: BMI (produced a
significant effect in 4 pairs of variables,
plus an interaction effect in two cases);
number of children in the family
(produced significant effects in 4 pairs of
variables/and additionally an interaction
effect in two cases); school marks
(significant effects in 4 pairs of varia-
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ables); education of the parents (sig-
nificant influences in two pairs, plus an
interaction effect in two cases).

The parental care and material status
variables produced the weakest modify-
ing effect. It is most likely that variability
they produce, detected in the one-way
analysis, was to a high degree a result of
the number of children in the family;
while this last variable depends mainly
on education.

The high position of the school mark
variable is interesting. It may suggest a
significant relationship of tactile sensi-
tivity and intelligence. This may be in-
ferred from the fact, that this result is in
agreement with the result obtained in the
pilot study in which pupils’ mental skills
were assessed on the basis of the form
masters’ opinions, rather than according
to their school marks.

In the group of adults the ranking of
the variables proving to produce the most
distinct distinguishing effect is as fol-
lows: education of the subjects (produ-
cing statistically significant effects in all
pairs plus one interaction effect); mate-
rial status (producing statistically sig-
nificant effects in all pairs).

The health variable produced a statis-
tically significant effect on the variance
of tactile threshold only in the pair with
education, while occupation remained
neutral in all the pairs formed. It is
worthwhile noting that the subjects’ edu-
cation variable in adults is a counterpart
of the school mark variable in children.
A strong influence of education and ma-
terial status (material status being a fac-
tor to a large extent determined by edu-
cation) on the variability of tactile
threshold may suggest two conclusions.
On the one hand, it may suggest sensi-
tivity of this feature to the level of an

individual’s intelligence, which opens a
wide field for discussion on the relation-
ship between sensory sensibility and
intelligence. On the other hand, it may
indicate its sensitivity to living condi-
tions and lifestyle, which, in turn, is a
convenient pretext for an anthropologist
to start discussion on the importance of
the influence living conditions exert on
the biological development of man.

Discussion

Numerous dependencies revealed in
the course of this work, such as decline
of tactile sensitivity with age or higher
sensitivity to touch in women are not
surprising, even if in the literature one
may come across works that do not re-
veal such relationships [HAGE ET AL
1995]. The observed weakening of tactile
sensitivity with age is in line with a
conviction that ageing involves the dete-
rioration of all senses, resulting from the
progressing degeneration of the nervous
system [MYSLIWSKI 1998], The mecha-
nism behind the weakening of tactile
sensitivity is unknown, though many
authors relate this phenomenon the to the
fact that the density of tactile receptors
decreases with age. Unfortunately, the
data available on this topic refer to Pac-
cini’s corpuscles [BOZILOW 1965, 1987,
VERILLO 1996] and to Meissner’s cor-
puscles, and not to Merkel’s tactile discs
irritated in this study. For this reason, it
is difficult to decide whether they can be
extrapolated on all skin receptors. The
only publication I managed to find, con-
taining concrete, numerical data on the
decrease of the density of tactile recep-
tors (Meissner’s corpuscles) with age
was the work by BOLTON ET AL [1965].
The authors of the contemporary publi-
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cations on tactile sensitivity often refer to
this work, which indicates that it is one
of only a few available works on this
topic. It seems that the population tests
for the two-point threshold, conducted on
a representative group of individuals of
one sex in a selected area of the body,
could be a verification of the hypothesis
on the relationship between tactile sensi-
tivity and the density of receptors. Being
aware of the strong dependency of tactile
sensitivity upon social factors, in order to
restrict the size of the sample, one should
conduct such research on a group of
subjects similar with regard to social
factors. This could be a group of uni-
versity scientists who are characterised
by the similarity of social variables, most
important for touch, such as education,
type of profession, material status. Due
to the fact, that some study result pub-
lished point out to significant changes in
the tactile sensitivity of women in vari-
ous phases of the sex cycle [WEINSTEIN
1963], it would be better to carry out the
two-point discrimination test on men.
The strong dependency of tactile
sensitivity on age may have adaptive
meaning. If we assume that the level of
tactile threshold determines the quantity
of information accessing an individual
from the environment, then a gradual
lowering of tactile threshold would be
beneficial both for the individual and for
the entire system (population) he/she
remains in. The ability to receive and
process large quantities of information is
indispensable especially in the period of
intense development and learning - that
is in childhood. This is so, firstly, be-
cause childhood is a period when an
individual gets to know his/ her envi-
ronment; secondly, because in the early
stages of the ontogenesis in particular,

the degree of sensory stimulation is de-
cisive for the final shape of the nervous
system - for the number of neurones and
their junctions, the number of synapses,
and, possibly, for the density of skin
receptors. This may be the reason why in
younger age categories tactile sensitivity
was higher than in older age categories.
Both of the processes - the explora-
tion of the environment and the shaping
of the nervous system are closely inter-
connected and, staying in feedback, af-
fect the central nervous system. This
does not mean that the shape of the nerv-
ous system is determined exclusively by
environmental factors, since it is strongly
conditioned by the genetic resources of
the individual. Nevertheless, the final
shape that is assumed by the nervous
system, whose development continues
long after birth (e.g. myelination of nerve
fibres is completed as late as in puberty),
is a result of the interaction with the en-
vironment. In consequence, the genetic
potential produces a variety of pheno-
typic effects, depending on the environ-
ment of the individual’s development
and the changes taking place in the
course of this process are of adaptable -
irreversible for each individual - charac-
ter. The need for high sensory effective-
ness does not vanish when the individual
enters adulthood. This is due to the spe-
cial significance of the communication
system for the human evolution process.
The ability to receive, analyse and
transmit information, developed over
millions of years, resulted in culture,
treated by biologists as an adaptation
instrument [Strzatko et al: 1980,
Piontek, Wiercinska 1993, Strzatko,
OSTOJA-ZAGORSKI 1995]. Tactile thresh-
old sensitivity, which, in this respect,
seems to be not different or less impor-
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tant than sensory sensitivity in other mo-
dalities, though on average weakens with
age, with regard to the median value
remains unchanged almost throughout
the entire life. Disregarding the higher
median in prepubescent girls, its value
amounts to 2.83, to decrease only to-
wards the end of life (in the categories
with the mean of age of 73 years for
women and 53 years for men). Signifi-
cant and common lowering of tactile
sensitivity towards the end of individ-
ual’s life may stem from the fact that the
achievements of our civilisation, in the
field of medical science in particular,
made it possible to considerably prolong
human life, simultaneously failing to
guarantee prolonged youth. Living on
average 20 years longer than several
centuries ago, man is exposed to longer
senility with accompanying gradual de-
cline of homeostasis and regulatory
functions of the body. The fact that its
median decreases only late in life may
indicate a great importance of the main-
tenance of narrowly channelled tactile
sensitivity throughout the whole life. The
values of tactile threshold determining
the boundaries of this channel are an
effect of adaptation processes. It is
worthwhile noting, that the distribution
of tactile threshold is strongly skew. If
high sensitivity promotes survival and if
the low one decreases fitness, the skew-
ness of the distribution of tactile thresh-
old frequency seems to be justified. The
sharply dropping curve of the distribu-
tion, related to the low threshold of tac-
tile sensitivity, indicates the occurrence
of some obstacle preventing the increase
of tactile sensitivity. Since low values of
tactile threshold are, in general, reserved
for children, this obstacle could be asso-
ciated with the fact that, with age the

density* of tactile receptors declines or
with the fact that human skin (at least
male one) thickens as a result of the ac-
tivity of sex:hormones. The suggestion
that too high sensitivity could be harm-
ful, leading to experiencing pain instead
of touch, should be rejected for two rea-
sons. Firstly, for the reason that there are
skin areas (such as face) that are more
sensitive than other places, secondly
because, the receptors are unable to
change their modality and suddenly start
sending pain impulses instead of tactile
ones, since the former are transmitted
through free nerve endings reacting to
tissue damage. Cases of hypersensitivity
(hyperaesthesia) do not prove that tactile
receptors change their function, since
pain can still be received by free nerve
endings and the changes may occur with-
in the receptors themselves.

Discussing the adaptive meaning of a
trait such as tactile threshold, one should
know its parameters, such as phenotypic
variance and inheritability coefficient. Due
to the fact, the study material included both
parents and children | attempted to estimate
the inheritability coefficient /2. The coef-
ficient is used to determine the share of
genetic origin variance in the overall
variability of tactile threshold, being the
dependent variable. Based on the official
population censuses | have identified
over 80 parent - child pairs in the study
material. Since the sample was too small
for the separation of the pairs of particu-
lar sexes, | calculated correlations for the
set standardised for age and sex. Correla-
tion coefficient obtained was r —0.1295.
It proved to be statistically insignificant
at the adopted level of significance. The
value of inheritability index estimated on
this basis (h2=0.26) [FALCONER 1974]
indicates a slight chance for the natural
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selection to operate with regard to the trait
under investigation. Most of the observed
variances of the trait (over 70%) resulted
from environmental factors, and only 26%
constituted genetic (additive) variance. One
may presume it to be a slightly geneti-
cally differentiated trait. Genotypes of
people in the population under study are
similar with regard to tactile sensitivity,
which determines a low chance of natu-
ral selection to operate. In other words,
acting on different variants of the pheno-
type, natural selection had only 26% of
chances that it will change the genotype.
For comparison, the inheritability coef-
ficient for body mass, being a trait of
recognised high eco-sensitivity, deter-
mined with the correlation method in
family pairs was 7r= 0.64 [HENNEBERG
1989]. For threshold tactile sensitivity
the value of this coefficient amounts to
half of the above value.

In order to calculate environmental
plasticity of the trait under investigation I
used equations proposed by HENNEBERG
[1989], With the value of phenotypic
variance Vp = 0.12 and population mean
of the dependent variable of 2.78, coef-
ficient of variation CV was CV= 12.46. |
calculated also the coefficient of genetic
polymorphism, obtaining Ps= 0,0634,
and the coefficient of eco-sensitiveness
Dc= 0,1073.

Even though the above calculations
are based on an insufficient number of
observations to definitely resolve the
issue of the degree of inheritability and
eco-sensitivity of the trait under study,
still they show that tactile sensitivity is a
highly eco-sensitive trait. This does not
mean that this feature is weakly deter-
mined genetically - because the inheri-
tability coefficient obtained describes
only the level of genetic variance.

GAZZANIGA [1997] points out to the fact
that in general senses are not strictly
determined by genetic mechanisms, but
they develop through the mutual ex-
change of information with the external
environment, though the scope of the
influence exerted by the environment is
greatly overestimated. The nervous sys-
tem reacts only to certain stimuli, which
are concurrent in time for a given, devel-
oping structure. It does that in a strictly
determined (genetically programmed)
manner. According to Gazzaniga, the
environment determines - through the
selection - the choice of neurones, di-
rection and the number of their junctions
from the excess produced by the young
nervous system, rather than modifies the
developing structures of the nervous
system. These processes are particularly
active over the initial two years of the
human life.

Due to the limited size of the family
sample, the results on the degree of in-
heritability and threshold eco-sensitivity
should be treated with caution when
drawing conclusions on the adaptive
function of touch. Benefits resulting for
man from increased tactile sensitivity
might have been insufficient for the se-
lection pressure to occur (more sensitive
individuals were not necessarily more
fertile ones, though one can imagine that
higher sensitivity to touch enhanced their
sexual attractiveness). What is more, the
fact of the tactile threshold median being
close to the: minimum may result from
the linkage of the trait under investiga-
tion with another trait, subject to selec-
tion, such as the ability to process infor-
mation (intelligence). The inheritability
of intelligence, oscillating around 0.75, is
much higher than the inheritability of
touch. Thus, it could be a factor pulling
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the more eco-sensitive tactile sensitivity.
In the sample under investigation, intelli-
gence estimated on the basis of average
school marks in children and education
in adults, produced a highly statistically
significant effect on the variability of
tactile threshold. Whether or not this
relationship is an artefact is subject to
discussion. Better pupils or well-edu-
cated individuals may lead a different
lifestyle, which makes their skin thinner.
This, in turn, could be responsible for
their higher sensitivity. One can also
deliberate on whether school marks ac-
tually reflect the intelligence of the sub-
jects, as it depends on the definition of
intelligence. It seems that intelligence
tests would be more reliable than school
mark and level of education criteria,
however even such tests fail to provide
reliable information on the subject’s
intelligence, since the same individual
may perform differently in different
types of tests. He/she can also perfect
his/8her test-solving skills, which results
in the raising of the 1Q by up to several
points [SELIGMAN 1995]. Besides, the
correlation of results between particular
tests is far from 1, which may be related
to the intellectual condition of the sub-
jects on the day when the test is solved,
but may also result from differences be-
tween the tests that, depending on their
type, investigate a variety of the aspects
of intelligence.

When discussing the relationship of
tactile sensitivity with intelligence and
its significance for the development of
the communication process it is also
useful to take into consideration an im-
portant issue debated by the representa-
tives of medical sciences. It can be stated
in the form of the following question: Is
there a statistically significant correlation

between tactile threshold as measured
with the aesthesiometer and the effi-
ciency of the hand as a manipulation and
exploration instrument? If such correla-
tion is non-existent, the consideration of
the adaptive value of touch sensation
based on the threshold study assumes a
highly speculative character.

Prolonging lack of consensus on this
issue, even though it alarms each re-
searcher investigating, touch sensation
with the S-W aesthesiometer, stems from
easily identifiable sources. The lack of
standards for the assessment of the effi-
ciency of the hand as an exploration in-
strument is the most important of them.
Some scientists assume that it is suffi-
cient to check if subjects recognise a few
common objects, such as a paper clip or
a toothbrush using their touch sense.
Others use surfaces with complex tex-
tures, making subjects remember and
then discriminate various types of sur-
faces with differentiated parameters
(angles, distances) of patterns. It is evi-
dent, that in spite of the fact that during
these tests the temperature of the objects
is controlled (they are usually made of
the same material), touch sensation or
tactile threshold are not necessarily cru-
cial for solving the test tasks. Intelligence
of the subjects may be a key factor here.
Discernment, recognition and compari-
son of surfaces - these operations take
place in association areas, rather than in
the primary somesthetic cortex adjusted
for the reception of simple stimuli of a
definite modality. This indicates that the
significance of the level of tactile
threshold for the quantity of information
received should not be separated from
the individual’s ability to process the
information. Throughout the evolution of
the humankind, improving the access to
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information through the lowering of
tactile thresholds of various modalities
must have been linked with the increase
of the central nervous system’s ability to
process the information. Otherwise, an
information surfeit could occur, disturb-
ing the environmental patterns stored in
the brain and leading to the loss of con-
trol over the environment, and in conse-
quence to the undermining of the extéri-
orisation process involving the incorpo-
ration of the environment into the system
[Strzatko etal. 1980],

Conclusion

The relationships of touch sensation
with social factors, revealed in this work
indicate a strong effect of these factors
on the trait under investigation. This
effect is not always direct - for instance,
graduation does not entail a sudden in-
crease of tactile sensitivity. The essence
of the influence exerted by social factors
is their role in the shaping of the envi-
ronment of each individual under study,
in the shaping of the environment differ-
entiated with respect to the density and
quality of information. Man is a social
creature and his development requires
constant confrontation and constant ex-
change of information with the environ-
ment. The quantity and quality of the
information in the early stages of on-
togeny decide about degree of realisation
of genetic potential - in this case the
genetically determined ability to recep-
tion and transform environmental stimuli.

The history of human development
and the direction of the development of
our civilisation prove that effective in-
formation management leading to the
gradual extension of the area under con-
trol, spreading far beyond the human

body, is crucial for the increase in the
energy balance. Culture - both when it
stores information in the form of dances
and magic practised by a shaman and
when it employs writing and multimedia
databases - is the most adaptable trait of
man understood both as a species and as
a single individual. However, informa-
tion is the main element of this culture.
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Streszczenie

Gtownym celem pracy byto przedyskutowanie adaptacyjnego znaczenia czucia dotyku u cztowieka, i znalezienie
odpowiedzi na nastepujace pytania. Czy wrazliwo$¢ na dotyk mogta miec jakie§ znaczenie dla ewolucji cztowieka,
ajesli tak, to jakie? Czy ludzie réznig sie wrazliwos$ciag dotykowa, ajesli tak, to czy ta réznica- w przesztosci - mogta
by¢ przyczyna zréznicowanej ptodnosci i stanowi¢ fragment sita selekcji? Czy osadzona w konkretnym kanale wraz-
liwos$¢ dotykowa mogta by¢ elementem zmieniajacym prawdopodobiefstwo przetrwania?

Badanie funkcji adaptacyjnej dotyku, a wiec cechy, ktéra nie ujawnia sie w materiale kostnym, rodzi spore pro-
blemy. Moznajedynie zbada¢ zyjaca populacje ludzka i na podstawie analizy zmiennosci oraz wspoétczynnika odzie-
dziczalnosci cechy wnioskowa¢ ojej rozwoju, i ewentualnie uzupetnic¢ takie badanie o pordwnawczg analize behawio-
ralng zwierzat w réznym stopniu spokrewnionych ewolucyjnie z cztowiekiem. W pracy przeprowadzono badania
populacyjne. Wrazliwo$¢ dotykowa oceniano poprzez zmierzenie progu dotykowego estezjometrem Semmes-
Weinsteina, powszechnie wykorzystywanym na zachodzie do diagnostyki czucia powierzchniowego. Poniewaz zmyst
dotyku jest bardzo labilny - wrazliwo$¢ dotykowa rézni sie zaleznie od miejsca na ciele, chcac zbada¢ zmiennosé
miedzyosobnicza wrazliwos$ci dotykowej, badano jedno, wybrane miejsce. Wybrano opuszki palcéw, jako jedne z naj-
bardziej wrazliwych miejsc na ciele, i najcze$ciej uzywane do eksploracji otoczenia - niektérzy wrecz uwazajg ze
wiasciwym narzadem dotykowym jest reka, a konkretnie opuszki palcéw.

Celem pracy byto zbadanie podstawowych cech wrazliwosci dotykowej, okre$lenie zakresu zmiennosci wrazliwo-
$ci dotykowej i wyznaczenie normy dla badanej populacji. Zmierzono tez stopiefi ekosensytywnosci cechy i podjeto
prébe oszacowanie stopnia odziedziczalnos$ci cechy. Uzyskane wyniki interpretowano z punktu widzenia adaptacyjne-
go znaczenia wrazliwo$ci dotykowej cztowieka. Postawiono teze, ze progowa wrazliwo$¢ dotykowa bedaca wynikiem
interakcji czynnikéw genetycznych i srodowiskowych, wspdélnie odpowiedzialnych za obserwowang wariancje cechy,
w przeszto$ci mogta mie¢ znaczenie adaptacyjne. Argumentami popierajacymi lub odrzucajgcymi teze miaty by,
z jednej strony, proporcje wariancji pochodzenia $rodowiskowego i genetycznego, a z drugiej strony przewidywana
pozytywna i statystycznie istotna korelacja pomiedzy wrazliwos$cia dotykowa (progiem dotykowym) a umiejetnoscia
przetwarzania informacji z otoczenia (inteligencja).

Badania objety 1500 os6b w wieku od 7 do 85 lat, z tego 300 os6b dorostych (powyzej 21 roku zycia). Wiekszo$é
badanych zamieszkiwata gmine Barciany w p6tnocno-wschodniej Polsce. Kobiety stanowity ok. 55% badanej popu-
lacji. Za potencjalne Zrédta wariancji uznano:

- czynniki biologiczne, jak: wiek, dtugo$¢ i masa ciata, stan zdrowia, grubo$¢ naskdrka mierzona wykonywanym
zawodem

- czynniki psychiczne, jak inteligencja, mierzona ocenami szkolnymi u dzieci i wyksztatceniem u dorostych, oraz
opieka otrzymywana ze strony rodzicéw;

- czynniki spoteczne, jak: wyksztatcenie rodzicéw badanych, liczba dzieci w rodzinie, sytuacja materialna rodzi-
ny, opieka rodzicielska.

Wszystkie zmienne niezalezne kategoryzowano, zgodnie z potrzebami analizy wariancji. W pierwszej kolejnosci
obliczono rzetelno$¢ pomiaréw oraz podstawowe statystyki zmiennej zaleznej, czyli wrazliwosci dotykowej. Nastepnie
zmierzono wspotzaleznosci miedzy wybranymi do analizy czynnikami, wykorzystujac test Chi-kwadrat. Zbadano moc
i kierunek tych wspétzaleznosci. Kolejnym krokiem byto skontrolowanie zaleznosci dotyku od ptci i wieku. Obliczo-
no $rednie wrazliwo$ci progowej w grupach pici i wieku, tworzac w ten sposéb norme dla populacji Polski. Przepro-
wadzono analize wariancyjna 1-czynnikowa, w celu wychwycenia najwazniejszych tendencji i sposobéw oddziaty-
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wania badanych czynnikéw w hipotetycznej sytuacji - to znaczy takiej, gdyby byty one rzeczywiscie niezalezne od
siebie. Wszystkie badane czynniki, za wyjatkiem menarche i zawodu, w sposéb’ wysoce istotny statystycznie oddzia-
tywaty na wrazliwo$¢ dotykowa. Kierunek tych oddziatywan byt nastepujacy: wrazliwsi byli osobnicy mtodsi, kobie-
ty, szczuplejsi, lepiej wyksztatceni, lepiej uczacy sie, posiadajacy lepiej wyksztatconych rodzicéw, z mniej licznych
rodzin, o lepszej opiece rodzicielskiej, lepszej sytuacji materialnej, nie chorujgcy na cukrzyce lub alkoholizm.

Bioragc pod uwage liczbe istotnych statystycznie wptywoéw, iefektow interakcji wykrytych w analizie wariancji, za
najistotniejsze dla wrazliwos$ci dotykowej uznano nastepujace zmienne: w grupie dzieci: wskaznik masy ciata, liczba
dzieci w rodzinie, ocena szkolna, wyksztatcenie rodzicéw; w grupie dorostych: wyksztatcenie badanych i sytuacja
materialna. Oznacza to, ze na wrazliwo$¢ dotykowg istotnie wptywa zaréwno budowa ciata, inteligencja, jak i status
spoteczny. W przesztosci zalezno$¢ miedzy umiejetnoscia przetwarzania informacji z otoczenia a wysokoscia progu
dotykowego mogta prowadzi¢ do stopniowego obnizania progu, az do stanu dzisiejszego, o charakterystycznym,
wyraznie asymetrycznym rozktadzie czucia dotyku, przesuwajacym sie w strone niskich wartosci progu.

Wrazliwo$¢ dotykowa okazata sie cechg bardzo wrazliwg na czynniki srodowiskowe. Pozostato sprawdzi¢, w ja-
kim stopniu jest odziedziczalna, aby mozna byto oceni¢ sposobno$¢ doboru naturalnego do oddziatywania na te ceche.
Na ponad 80 parach rodzic-dziecko obliczono wspdtczynnik odziedziczatno$ci, uzyskujac warto$¢ Ir = 0,259, co
oznacza, ze sposobno$¢ do dziatania doboru naturalnego dla cechy wrazliwo$¢ dotykowa nie przekracza 26%. Ponie-
waz wspotczynnik odziedziczatno$ci oszacowany byl na matej prébie i w dodatku na wartosciach standaryzowanych,
nie mozna tej wartosci przyjmowac jako ostatecznej, ale fakt, ze wspdtczynnik korelacji byt nieistotny statystycznie,
jeszcze bardziej ostabia teze o adaptacyjnym znaczeniu cechy. Z drugiej strony, powigzanie dotyku z inteligencjg
i budowa ciata (w badanej populacji osobniki szczuplejsze, o wyzszym wyksztatceniu lub $redniej ocen byty znacznie
wrazliwsze od $redniej populacyjnej) moze oznaczaé, ze co prawda nie bezposrednio, ale w sprzezeniu z tymi cechami
i osrodkami przetwarzajagcym informacje (CUN). oddziatujac takze na atrakcyjno$¢ seksualng, wyzsza wrazliwos¢
dotykowa mogta podnosicfitness osobnika, i stopniowo obnizac¢ prég dotykowy.

Bezposrednio wrazliwo$s¢ dotykowa nie miata zadnego znaczenia adaptacyjnego: wyniki przeprowadzonych
badan wskazuja, ze genotyp w kwestii wrazliwosci dotykowej pozostawia duzy margines na oddziatywanie $rodowi-
ska - nalezatoby wiec méwic¢ raczej o znaczeniu adaptabilnym tej cechy, niz adaptacyjnym. Wysoka wrazliwo$¢
Srodowiskowa dotyku moze petni¢ funkcje ochronng, dostosowujac, poprzez podwyzszanie lub obnizanie progu, ilo$¢
odbieranej informacji do mozliwosci jej przetwarzania. Jak wiadomo, ostatnie etapy ksztattowania sie struktur uktadu
nerwowego sa zalezne od $rodowiska, a konkretnie od ilosci i charakteru bodzcéw docierajacych do osobnika;
w przypadku nasilenia bodzcow nieprzyjemnych adaptabilnym zachowaniem jest podwyzszenie progu, a w przypadku
bodzcow pozytywnych - obnizenie. To ttumaczytoby réznice we wrazliwosci osobnikéw wzrastajagcych w odmiennych
warstwach spotecznych.



