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Abstract

Purpose. The aim of the present pilot study was to assess sex and age differences in sensory-motor coordination by examining
eye–hand coordination in an elderly population. Methods. The sample consisted of 529 participants (158 men and 371 women)
aged over 50 years from Poland. Participants performed the 2HAND test, with the results analyzed by two-way ANOVA. The
three test parameters (total mean duration, total mean error duration, and coordination difficulty) of the test were treated as
dependent variables while sex and age (separated into 5-year age groups) were the independent variables. Results. In each 5-year
age group, differences between the analyzed parameters were higher in females. Significant age differences were found in the means
of total mean duration and total mean error duration. Neither of the above parameters showed significant differences for sex.
Conclusions. The values of all the parameters measuring eye–hand coordination showed a gradual deterioration with age. The
pilot study warrants additional data collection, where large-scale quantitative research may help in the development of suitable
prevention strategies to slow the impact of aging on eye–hand coordination abilities in the elderly.
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Introduction
Aging is a multistage process that gradually impairs
body function. The advance of musculoskeletal disorders
is associated with a progressive functional degeneration
of the central nervous system. This process commonly
begins after 50–60 years of age and affects both men and
women in similar ways. However, the onset and magnitude of these age-related musculoskeletal changes
(sarcopenia) may be very different [1–3].
Sarcopenia is marked by a deterioration in complex
movement performance and overall physical mobility
(coupled with an increased fall risk) [4–6]. These changes
also affect the performance of smaller manipulative
movements such as eye–hand coordination, where eye
movement is directly connected with hand movement.
This mechanism is exceedingly important as it allows
individuals to perform almost all activities of daily living and is, therefore, a prerequisite for self-care tasks,
independent living, and active participation in social
life. Impairments to eye–hand coordination can severely
limit social interaction or lead to total exclusion from
community activities [7–10].
A number of factors determine whether eye–hand
coordination function is maintained at an appropriate
level, including age and sex [11–14]. Although the effects of aging on eye–hand coordination are irreversible,
methods aimed at slowing this process down can in-
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crease the quality of life and maintain greater levels of
independence in the elderly. For this purpose, it is important to diagnose the level and variability of eye–hand
coordination with age by research on various elderly
populations. Gaining knowledge about coordination
issues and their relationships with other factors may
help form suitable prevention strategies, thereby improving quality of life and allowing individuals to better
cope with aging.
The goal of this study was to perform a preliminary
assessment of the sex differences in sensory-motor coordination associated with aging by examining eye–hand
coordination.
Material and methods
The study sample comprised 529 participants (158
men and 371 women) aged above 50 years recruited by
various means from Lower Silesia, a province located in
Poland (see Tab. 1). All participants provided their written
informed consent to participate in the study and then
completed a questionnaire regarding current health,
physical fitness levels, and prior illness. The inclusion
criteria for the study and research group are described
in greater detail in Ignasiak et al. [15] and a research
project performed under the auspices of the Ministry of
Science and Higher Education (No. N N404 075337).
Research was performed at the Biokinetics Research
Laboratory of the Department of Biostructure at the
University of Physical Education in Wrocław, Poland
and was led by a group of faculty members. This study
21

HUMAN MOVEMENT
A. Sebastjan, K. Siwek, S. Kozieł, Z. Ignasiak, A. Skrzek, Variation in 2HAND scores

received approval from the University’s Senate Committee on Research Ethics.
Participants’ sensory-motor coordination was tested by the 2HAND test, which is part of the Vienna
Test System (Schuhfried GmbH, Austria) developed by
Schoppe and Hamster based on a factor analysis of
specific motor skills. The 2HAND test examines the
speed, accuracy, and coordination of small and precise
hand movements. Participants use two knobs to move
a red dot from point A to point B along a designated
route (track) shown on a monitor. The right knob moves
the dot vertically whereas the left know moves the dot
horizontally. Participants performed 10 trials, where
test form S4 of the Vienna Test System was administered and used to examine the following variables:
a) Total mean duration [s] – the mean time required
to complete the track,
b) Total mean error duration [s] – the time of error,
summed over all runs, when the point was outside the tolerance limit of the track area,
c)	Coordination difficulty [s] – a measure of the
respondent’s coordination ability, expressed as
a factor by the time required to the complete the
route increases when a track of the same length
is travelled once with sensorimotor coordination (circular arc or V-shape) and once without
sensorimotor coordination (inverted L) [16].
The results of the test were analyzed by a two-way
ANOVA, where the three test parameters were treated
as dependent variables while sex and age (grouped into
5-year-age groups) were the independent variables. All
analyses were performed using Statistica ver. 10.0 software (Statsoft, USA) [17].

Results
Tables 1–3 present descriptive statistics of the parameters of the 2HAND test in the age groups for each
sex. In each age group, the total mean duration for
females was higher than for males except in the oldest
age group. Additionally, in each age group variations
for this parameter were higher in females (Tab. 1). The
same pattern was present in the second (total mean
error) and the third (coordination difficulty) test parameter.
Table 4 shows the results of two-way ANOVA for
the three test parameters. Significant differences in
age were found for the means of total mean duration
and total mean error duration. Neither parameter
showed significant differences for sex. Only for total
mean duration was the second-order interaction significant, indicating that the observed differences between ages were dependent on sex.
Figure 1 presents the age and sex differences in the
means of the total mean duration. The means of this
parameter gradually increased with age in both sexes.
Interestingly, the mean of the females in the oldest age
group (> 75 years) was below the mean recorded for
the previous younger age group. In contrast, the mean
of this parameter steeply increased in men.
Discussion
Upper limb coordination, especially eye–hand coordination, plays a key role in proper human motor
function. A temporary or permanent impairment can
be particularly debilitating for an individual, as the

Table 1. Means, medians, and standard deviations of total mean duration [s] in the 2HAND test per 5-year age groups
Age
50–54
55–59
60–64
65–69
70–74
> 75

Males

Females

n

Mean

Median

SD

15
30
39
34
22
18

29.67
41.96
39.34
50.36
52.93
66.03

29.96
38.76
35.19
47.50
51.36
69.25

9.36
12.83
14.34
15.36
15.49
24.12

n

Mean

Median

SD

34
86
141
63
27
20

40.48
45.41
47.90
52.33
59.03
53.91

37.89
45.55
44.30
49.05
56.66
54.64

13.99
13.20
14.98
21.28
20.83
18.00

Table 2. Means, medians, and standard deviations of total mean error duration [s] in the 2HAND test per 5-year age groups
Age
50–54
55–59
60–64
65–69
70–74
> 75
22

Males

Females

n

Mean

Median

SD

n

Mean

Median

SD

15
30
39
34
22
18

2.12
1.92
2.62
2.16
3.31
4.68

1.99
1.53
2.40
1.65
3.41
3.84

1.13
1.26
2.22
1.64
2.08
3.60

34
86
141
63
27
20

2.97
2.65
4.02
3.28
3.15
3.92

2.09
1.90
2.87
2.60
2.30
3.38

2.65
2.33
3.40
2.64
2.44
3.05
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Table 3. Means, medians, and standard deviations of coordination difficulty [s] in the 2HAND test per 5-year age groups
Age
50–54
55–59
60–64
65–69
70–74
> 75

Males

Females

n

Mean

Median

SD

n

Mean

Median

SD

15
30
39
34
22
18

2.74
3.47
3.07
3.41
3.06
3.34

2.80
3.12
2.81
3.20
2.87
3.21

0.76
1.09
0.97
0.90
0.87
1.10

34
86
141
63
27
20

3.11
3.23
3.30
3.30
3.70
3.02

2.80
2.94
3.17
3.10
3.32
2.65

1.09
1.08
1.00
1.18
1.53
1.17

Table 4. Results of two-way ANOVA for the three test parameters and age and sex
Parameters
Total mean duration [s]
Total mean error duration [s]
Coordination difficulty [s]

Age
F
15.52
3.89
1.35

Figure 1. Means and standard error of means for total mean
duration of the 2HAND test by age and sex
in 5-year age groups

ability to perform manual tasks required for learning
or working and basic activities of daily living (self-care
tasks) can be limited and thus may infringe both independence and active participation in social life, factors
which determine subjective quality of life [18].
Measurement of sensory-motor coordination ability
should be approached with caution. Even if objective
testing methods are applied, the results are affected by
a number of factors both internal and external. The dyna
mics of maturation and aging are highly variable depending on the type of coordination ability that is being
studied. Although the impact of sex on sensory-motor
coordination abilities cannot be precisely determined,
based on the results of the present study and in the literature, the levels of coordination ability can be extrapolated to a large extent in older age groups [11, 19–21].

Sex

Interaction

p

F

p

F

p

< 0.001
< 0.01
> 0.05

3.32
3.45
0.73

> 0.05
> 0.05
> 0.05

2.86
1.34
1.71

< 0.05
> 0.05
> 0.05

The present study found a decrease in coordination
ability with age. This was demonstrated in almost all
age groups, where a statistically significant decrease was
observed in each of the three parameters measuring
coordination ability. In some cases this decrease was
dependent on sex; in others, no dependencies were
found. This may be associated with the fact that the
rate of loss of muscle strength is similar in both sexes
although strength values are overall much higher in
men than in women.
Decreases in muscle mass are strongly correlated
with a decline in the proper functioning of the upper
limbs, especially in the ability to perform precise movements. Reductions in muscle mass have been observed
as early as 30 years of age and significantly accelerate
after 50 or 60 years of age [21, 22]. The most critical
period associated with precise movement function appears to be 50 years of age, although some researchers
suggest this to be around 60 years [12]. Around this
point in time, all of the mechanisms that constitute
coordination ability begin to slow down and are increasingly deregulated, causing movements to be less
accurate and smooth [23–25].
Our results indicated a progressive decline in coordination ability as evidenced by the deterioration of
scores in the 2HAND test. It is interesting that the
changes in the average values of mean total duration
between the 70–74 and > 75 age groups are different in
both sexes. In men, this parameter improved, whereas
in women a further deterioration of coordination functions of the upper limbs was observed. This may be due
to the phenomenon of selective mortality, where higher
mortality rates are observed among men. Those living
longer may have lead much healthier lives, as evidenced
by the fact that the > 75 men in the present study all
reported relatively good health and overall high levels
23
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of physical fitness in the questionnaire regarding current health status.
Conclusions
The presented research is part of a larger currently
active longitudinal study collecting information on motor skills and abilities. It is expected that the collected
data will allow for more in-depth analysis and expand
knowledge on the effects of aging on fine motor skills,
eye–hand coordination, and other coordination abilities.
This is especially important, as the above subject matter
determines the types of activities of daily living the elderly can perform and thus affect their quality of life.
References
1. Chan K.M., Raja A.J., Strohschein F.J., Lechelt K., Agerelated changes in muscle fatigue resistance in humans.
Can J Neurological Sci, 2000, 27 (3), 220–228.
2. Budzińska K., Biology of skeletal muscle aging [in Polish].
Gerontologia Polska, 2005, 13 (1), 1–7.
3. Kelso S.J., Southard D.L., Goodman D., On the coordination of two-handed movements. J Exp Psychol: Hum
Percept Perform, 1979, 5 (2), 229–238, doi: 10.1037/00961523.5.2. 229.
4. Ignasiak Z., Skrzek A., Sławińska T., Rożek-Piechura K.,
Steciwko A., Domaradzki J. et al., The initial assessment
of the biological condition of elderly women from Wroclaw [in Polish]. Gerontologia Polska, 2011, 19 (2), 91–98.
5. Koster A., Visser M., Simonsick E.M., Yu B., Allison D.B.,
Newman A.B. et al., Association between fitness and
changes in body composition and muscle strength. J Am
Geriatr Soc, 2010, 58 (2), 219–226, doi: 10.1111/j.1532-5415.
2009.02681.x.
6. Daly R.M., Ahlborg H.G., Rinsberg K., Gardsell P., Sern
bo I., Karlsson M.K., Association between changes in
habitual physical activity and changes in bone density,
muscle strength, and functional performance in elderly
men and women. J Am Geriatr Soc, 2008, 56 (12), 2252–
2260, doi: 10.1111/j.1532-5415.2008.02039.x.
7. Carmeli E., Patish H., Coleman R., The aging hand.
J Gerontol A Biol Sci Med Sci, 2003, 58 (2), 146–152,
doi: 10.1093/gerona/58.2.M146.
8. Smith C.D., Umberger G.H., Manning E.L., Slevin J.T.,
Wekstein D.R., Schmitt F.A. et al. Critical decline in fine
motor hand movements in human aging. Neurology, 1999,
53 (7), 1458–1461, doi: 10.1212/wnl.53.7.1458.
9. Johansson R.S., Westling G., Backstrom A., Flanagan J.R.,
Eye-hand coordination in object manipulation. J Neurosci,
2001, 21 (17), 6917–6932.
10. Schmidt R.A., Motor learning and performance. Human
Kinetics, Champaign 1991.
11. Jimenez-Jimenez F.J., Calleja M., Alonso-Navarro H.,
Rubio L., Navacerrada F., Pilo-de-la-Fuenta B. et al., Influence of age and gender in motor performance in healthy
subjects. J Neurol Sci, 2011, 302 (1–2), 72–80, doi:
10.1016/j.jns.2010.11.021.
12. Warabi T., Noda H., Kato T., Effect of aging sensorimotor
functions of eye and hand movements. Exp Neurol, 1986,
92 (3), 686–697, doi: 10.1016/00014-4886(86)90309-2.
24

13. Gonzales C., Mon-Williams M., Burke M., Eye and hand
coordination: comparing Effects of age on performance.
J Vis, 2011, 11 (11), 554, doi: 10.1167/11.11.554.
14. Helsen W.F., Elliott D., Starkles J.L., Ricker K.L., Coupling
of eye, finger, elbow and shoulder movements during
manual aiming. J Motor Behav, 2000, 32 (3), 241–248,
doi: 10.1080/00222890009601375.
15. Ignasiak Z., Rożek K., Skrzek A., Sławińska T., Doma
radzki J., Fugiel J. et al., Evaluation of involution changes
with selected aspects of the biological condition for the
elderly. Studies and Monographs [in Polish]. AWF, Wroc
law 2012, 109.
16. Parker G., Oliver N., Evaluation of test from the Vienna
Test System for work psychologist use within jobcentre
plus. J Occup Psychol Employment Disabil, 2006, 8 (1),
169–176.
17. Stat Soft Inc., STATISTICA (data analysis software system),
version 10, 2011. Available from URL:http://www.statsoft.com.
18. Galloway M.T., Jokl P., Aging successfully: The importance of physical activity in maintaining health and
function. J Am Acad Orthop Surg, 2000, 8 (1), 37–44.
19. Ren L., Khan A.Z, Blohm G., Henriques D.Y.P., Sergio L.E.,
Crawford J.D., Proprioceptive guidance of saccades in
eye–hand coordination. J Neurophysiol, 2006, 96 (3),
1464–1477, doi: 10.1152/jn.01012.2005.
20. Ruff R.M., Parker S.B., Gender- and age-specific changes
in motor speed and eye-hand coordination in adults: normative values for the finger tapping and grooved pegboard tests. Percept Mot Skills, 1993, 76 (3c), 1219–1230,
doi: 10.2466/pms.1993.76.3c.1219.
21. Carson R.G., Riek S., Smethurst C.J., Parraga J.F.L., Byblow W.D., Neuromuscular-skeletal constraints upon the
dynamics of unimanual and bimanual coordination.
Exp Brain Res, 2000, 131 (2), 196–214, doi: 10.1007/
s002219900272.
22. Faulkner J.A., Larkin L.M., Claflin D.R., Brooks S.V., Agerelated changes in structure and function of skeletal muscles. Clin Exp Pharmacol Physiol, 2007, 34, 1091–1096,
doi: 10.1111/j.1440-1681.2007.04752.x.
23. Summers J.J., Lewis J., Fujiyama H., Aging effects on event
and emergent timing in bimanual coordination. Hum
Mov Sci, 2010, 29 (5), 820–830, doi: 10.1016/j.humov.
2009.10.003.
24. Ranganathan V.K., Siemionow V., Saghal V., Yue G.H.,
Effects of aging on hand function. J Am Geriatr Soc,
2001, 49 (11), 1478–1484, doi: 10.1046/j.1532-5415.2001.
4911240.x.
25. Kirkendall D.T., Garrett Jr W.E., The effects of aging
and training on skeletal muscle. Am J Sports Med, 1998,
26 (4), 598–602.

Paper received by the Editor: September 12, 2013
Paper accepted for publication: February 11, 2014
Correspondence address
Sławomir Kozieł
Polska Akademia Nauk
Zakład Antropologii we Wrocławiu
ul. Podwale 75
50-449 Wrocław, Poland
e-mail: skoziel@antropologia.pan.pl

