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The Effect of Temperature on Manual Dexterity,
Reaction Time, and Optimum Grip-Span
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Abstract—Industries such as fish filleting, meat packaging,
cold storage and outdoor jobs require workers to work in cold
environments. An experiment was conducted to investigate the
effect of cold on manual dexterity, reaction time and optimum
grip-span. The participants were twelve healthy male university
students (median = 20 years). The results showed that
performance on the O’Connor dexterity test, stabilimeter and
reaction time tests was significantly lower at low temperature
(10 °C) compared to performance at higher temperatures (20
°C and 30 °C). Optimum grip-span at 10 °C was narrower than
at 20 °C and 30 °C. In conclusion, the performance measures at
10 °C were degraded compared to performance at the higher
temperature levels tested. The results of this study on the
performance of people in cold environments provide important
information for work design in such industries.

Index Terms—Cold immersion, dexterity, grip-span, reaction
time, temperature

I. INTRODUCTION

CCUPATIONS such as fish filleting, meat packaging

[1], cold storage [2] and outdoor jobs [3] require

workers to accomplish skilled hand movements while
exposed to cold environments. Cold exposure is also
encountered in military operations [4] and diverse activities
and jobs such as climbing and mountaineering, oil platform
work, carpentry, technical maintenance, and polar
explorations [5], all of which require a wide variety of hand
skills. Past research has shown that prolonged working in
extremely cold environments reduces manual dexterity and
leads to an increased risk of accidents [2]. Similarly, manual
tracking performance decreases in cold temperature [6], and
musculoskeletal problems experienced by workers increase
under conditions of extreme cold exposure [1].
To alleviate the adverse effect of cold, workers typically wear
protective insulating clothing [7]. However extra insulation
materials sometimes restrict motion ability, reduce force,
power and contraction velocities of muscles and thus reduce
performance of workers [8]. It has been shown that the
detrimental effect of gloves is sometimes more pronounced
than the adverse effect of cold temperatures on human
performance [9] — [11]. Nevertheless, it is not possible to
avoid working in cold conditions and some workers are
regularly exposed to cold work environments. An
understanding how cold hinders different skills and various
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aspects of performance is necessary for work design
engineers.

Under the same humidity condition, human beings
perceive cold surfaces to be wetter and more slippery than
those at room temperature [12]. Carnahan, Dubrowski, and
Grierson [13] recently found that people need to apply higher
pinch grip forces under cold temperatures in order to feel that
they are handling the work safely. For strength under cold
conditions, Johnson and Leider [14] and Barnes [15] found
there was a decrease in grip strength after prolonged cold
water immersion. Vincent and Tipton [16] found that
immersion of the hand into 5 °C water decreased the
maximum voluntary grip strength for conditions both with
and without gloves. Similarly, Chi, Shih, and Chen [17]
found that the maximum voluntary contraction (MVC) for
grip was lower after immersion in an 11 °C water bath when
compared to grip after immersion in a 34 °C bath.

Thus, to sum up, previous research has indicated that in
cold temperature conditions, the perceived need for exertion
of force to perform a task increases while the ability to exert
force decreases. Therefore, it is important to know the value
of optimum grip-span to handle the work safely in cold
environment.

The optimum grip-span, described as an optimal
separation as a function of maximal force output, at a
constant temperature has been investigated by a humber of
ergonomics researchers [18]. Blackwell, Kornatz, and Heath
[19] tested grip-spans by using grip circumferences of 10, 13,
16, and 18 cm and found that MVC occurred at a
circumference of 16 cm (5.09 cm diameter). Goonetilleke,
Hamad, and So [20] claimed that preferred grip-spans vary
depending on the size and strength of the hands of the
population sampled. They tested grip-spans of 3.5, 4.7, and
5.9 cm using subjective rating and maximum force exertion
as determinant of optimum grip-span and it was found that
middle span (4.7 cm) was the optimum grip-span for a sample
of the Hong Kong Chinese population.

Other researchers have also examined the relationship
between grip-span and MVC using similar procedures [21,
22]. However, Eksioglu [18] conducted a comprehensive
study where he defined a new dimension, namely, modified
thumb crotch length (TCLm), which was defined as "the
distance between middle furrow of middle finger and the base
of the thumb" and measured the optimum grip-span as a
function of TCLm at a temperature of 72 °F (22.2 °C).
According to the maximum voluntary isometric grip force
(MVGF) results obtained in the [18] study, the optimum
grip-span was found as TCLm-2, which is the grip-span 2 cm
narrower than the modified thumb crotch length (TCLm).

In previous studies, hand related features such as TCLm
[18], grip circumference [19], grip diameter [23] and the hand
span (the distance between tips of the thumb and small finger
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when the hand is wide open) [24, 25] have been measured to
determine optimum grip-span. However, the effects of
ambient factors like temperature have not been analyzed to
any great extent yet and this study is aimed at filling this gap
in research.

In this study, four hypotheses were proposed to test the
effect of temperature on several human abilities. As
mentioned above, the effect of temperature on MVC values
has been studied by other researchers [16, 26, 17]. However
there have been no studies on the effect of temperature on
grip-span. Therefore, the first hypothesis was H1: Cold
immersion of hands results in a narrower optimum grip-span.

Manipulative movement of humans involves a
combination of elemental motions with emphasis on finger
and manual dexterity, which are important to the tasks such
as watch repair, picking up tiny parts, steadiness in the use of
small tools, rapid and precise movements over very short
ranges. Chen, et al. [26] analyzed the effect of cold
temperature on manual dexterity with a nut loosening test and
the Purdue test. Goonetilleke and Hoffmann [6] analyzed
manual tracking performance under temperatures ranging
from 10 °C to 30 °C. Both studies showed decrease in manual
dexterity with temperature decrease. However, Berger, Krul,
and Daanen [27] found that results of the Purdue test and
other tests are not necessarily in full agreement, therefore, in
this study, the O’Connor dexterity test and a test of hand
performance on a stabilimeter were used to see if the findings
here for these dexterity tests agree with each other and agree
with the dexterity findings of other researchers. The second
and third hypotheses were thus H2: Cold immersion of hands
results in lower O’Connor test results, and H3: Cold
immersion of hands results in lower stabilimeter test results.
Kauranen and Vanharanta [28] found that cold pack
treatment causes delayed simple reaction time because of the
decrease in neuromuscular functions. The effect of cold pack
treatment and cold water bath immersions on reaction time
was expected to be similar, thus here, a cold water bath
condition was expected to increase reaction time. Therefore,
the fourth hypothesis for this study was H4: Cold immersion
results in longer simple reaction time.

Il. METHOD

A. Participants

Twelve self-reported healthy male university students
were recruited to participate in this experiment. The ages of
the participants ranged from 18 and 24 years (median = 20
years) and eleven were right handed and one left-handed. All
of them gave written consent and were informed that they
could withdraw from the experiment at any time. The
descriptive statistics of the participants’ hand dimensions are
given in the Table I.

Table |

Descriptive statistics of hand dimensions (cm) of the participants.

Hand Dimension Average
Hand length 18.97
Grip circumference 16.43
Palm width 8.60
TCLm 7.55
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B. Apparatus

The following equipment and facilities were used in this
experiment: Takei continuously adjustable dynamometers
with an accuracy of +0.5kgf, Martin type anthropometers,
isolated water bath containers, a water proof electronic
thermometer with an accuracy of 0.1°C (Cooper-DPP400W),
an infrared camera (FLIR-SC660), an O’Connor dexterity
test kit, a Phepple-type stabilimeter, and a Lafayette response
time testing machine.

C.Design of Experiment

For determining optimum grip-span, a randomized block
design was adopted using maximum voluntary contraction
(MVC) values as response and grip-spans (three levels,
TCLm-1cm, TCLm-2cm, TCLm-3cm [18]) as treatment, and
the participants as blocks. With this arrangement, the
different optimum grip-spans were determined at each of four
temperature levels (room air temperature and 10 °C, 20 °C,
and 30 °C water baths). For the dexterity and reaction time
tests, again a randomized block design was used taking the
participants as blocks. However, for these tests the treatment
was the water bath temperature levels, and the responses
were the number of pins inserted in 45 seconds (for
O’Connor test), the distance tracked without touching the
surface of the stabilimeter (for stabilimeter test), and the total
reaction time for ten sequential stimuli (for Reaction Time
Test). In this way, performances at different temperature
levels were compared.

D.Procedures

The participants were asked to come to the experiment
with a short sleeve T-shirt [17]. Before the experiment
started, they were informed about the procedure of the
experiment, and, in order to allow the participants familiarize
themselves with the equipment and test procedure, a trial
practice period was given to them [29]. All the tests were
practiced at room air temperature. The mechanism of the
dynamometers was explained and participants were allowed
to find the best matching points on their hands to the two
poles of the dynamometer.

E. Grip-Span Test

Modified thumb crotch length (TCLm) was measured
according to the practice of Eksioglu [18]. The grip-spans of
the dynamometers were adjusted to the grip-spans of
TCLm-1, TCLm-2, and TCLm-3, which were 1, 2, and 3 cm
narrower than each participant’s modified thumb crotch
length (TCLm). The MVC values were collected when the
participant was sitting with a right-angled elbow and straight
wrist while his arm was supported with a solid object. For
each temperature level, each grip-span was tested at least
three times. The participants were allowed to take a 1-minute
break between two consecutive MVC measurements [24, 25].

F. O’Connor Dexterity Test

The participants were asked to insert as many groups of
three pins as they could into the holes of the test board within
45 seconds with their dominant hand from their
non-dominant hand side to the dominant hand side (i.e. right
handed participants inserted the pins into the board from left
to right). They were told that they did not have to pick up pins
that fall down [30].
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G.Stabilimeter Test

There were three different paths on the stabilimeter: linear,
curved, and rectangular. Each path was tested thirty times and
the average of these thirty values was used for each path for
statistical analysis. The data analyses for linear, curved, and
rectangular paths were done separately.

H.Simple Reaction Time Test

Simple visual (light bulb) and auditory (buzzer) reaction
times were measured. The order of testing the two types of
tests was randomized across participants. Three sets of ten
sequential measurements for each stimulus were tested
randomly and the average of the thirty data was used in the
data analysis. Participants were asked to place their dominant
hand behind a line which was 5 cm in front of the 1.4 x 1.0 cm
response button and to react as fast as possible when the
stimulus was presented. After they pressed the button with
their index fingers, they returned their hands to behind the
line and another stimulus was presented randomly. This
procedure was used in order to make the experiment more
realistic because in many practical situations a finger is not
placed on a button or key before a signal is presented. The
completion of this task thus required not only perceptual
skills but also motor skills [28].

I. Water Baths

The air temperature of the laboratory was kept constant at
22 °C. Before the participants immerse their hands into any
one of the water baths up to their elbows, they took the
optimum grip-span test at room air temperature with dry
hands. Then they performed all the tests denoted above for
each of the water bath conditions.

In total, there were three different isolated water bath
containers at temperature levels of 10 °C, 20 °C, and 30 °C.
The constancy of the temperatures was maintained with ice or
hot water; and checked with an electronic thermometer until
the finger skin temperatures were in the acceptable range.
After immersing in the water bath, the hand was dried with a
paper towel and the hand skin temperature was checked with
the infrared camera to assure that the finger skin temperature
was in the acceptable range of +1 °C of the water bath
temperature. However, for 10 °C water bath, the finger skin
temperature was allowed to go up to 15 °C since the recovery
of hands were too rapid for that condition.

I1l. RESULTS

There was some difficulty in recruiting participants for this
experiment. Nevertheless, 12 participants were recruited. It
seems that other researchers on cold such as Kim, et al. [2],
Carnahan, et al. [13], Oksa, Rintamaki, and Rissanen [31],
and Makinen, Gavhed, Holmer, and Rintamaki [32] also had
problems and collected data from only 8 participants.
Considering these previous four studies only used 8
participants, the sample size of 12 participants here looks
better but was nevertheless disappointing. The modified
thumb crotch length (TCLm) values for the participants
ranged from 7.0 to 8.3 cm (mean = 7.5 cm).

A. Optimum Grip-Span
For all the three water bath and room air temperature

levels, ANOVA results showed that grip-span had a
significant effect on MV C. For room air temperature (22 °C)
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dry hand condition - before any water bath immersion, and 10
°C water bath condition, Tukey’s test indicated that MVC
values for TCLm-2 (the grip-span which was 2 cm narrower
than one’s modified thumb crotch length) was significantly
higher than those for TCLm-1 and TCLm-3. The optimum
grip-span, TCLm-2, was found for these two temperature
conditions.

For the 20 °C and 30 °C water bath conditions, Tukey’s
test results showed that MVC values for TCLm-1 and
TCLm-2 were not significantly different while MVC for
TCLm-3 was significantly lower than those for TCLm-1 and
TCLm-2. Mean MVC value for TCLm-1 was larger than that
for TCLm-2. Therefore, the optimum grip-span for 20 °C and
30 °C water bath conditions, is expected to be larger than
TCLm-2. This shows that the optimum grip-span for 20 °C
and 30 °C water bath conditions was larger than that for the
room air temperature condition. The optimum grip-span for
10 °C water bath condition was smaller than that for the 20
°C and 30 °C water bath conditions. The MVC values versus
grip-span levels for different temperature levels are shown in
Figure 1.
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Fig. 1. Effect of grip-span on maximum voluntary contraction (MVC) for
different temperature conditions.

B. O’Connor Dexterity Test

ANOVA results showed that temperature has a significant
effect on the O’Connor test results (p < 0.01). Tukey’s test
showed that the number of pins inserted for the 10 °C water
bath condition was significantly lower than number for the 20
°C and 30 °C conditions. The difference between the number
of pins inserted for the 20 °C and 30 °C conditions was not
significant (p < 0.05).

C.Stabilitimeter Test

Similar to the results of O’Connor test, ANOVA showed
that temperature had a significant effect on the stabilimeter
test results (p < 0.01). Tukey’s test showed that the distance
tracked without touching the surface of the machine for 10 °C
water bath condition was significantly lower than those for 20
°C and 30 °C water bath conditions and the performance for
20 °C and 30 °C water bath conditions were not significantly
different (p < 0.05).
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D.Reaction Time

ANOVA showed that temperature had a significant effect
on both the auditory and visual reaction time (p < 0.01 and p
< 0.01, respectively). For both types of stimuli, the results of
Tukey’s test showed that the difference between reaction
times for 20 °C and 30 °C water bath conditions was not
significant whereas the reaction time for 10 °C water bath
condition was significantly longer than those for 20 °C (p <
0.05) and 30 °C water bath conditions (p < 0.05).

IV. DISCUSSION

A. Optimum Grip-Span

Most previous studies on grip-span have used certain
constant grip-span levels for all of their participants. Such a
methodology ignores the fact that people with different hand
dimensions will have different grip spans. In order to take
account of this variation, the optimum grip-span can be found
as a function of relevant hand dimensions.

A dynamometer with a two-pole design requires the users
to support it with the base of their thumb while squeezing it
with their fingers. The exact location of the point on the
phalanges at which the user gives support varies with the
hand dimensions of the user. Therefore, it is difficult to find
an exact hand dimension to relate to the optimum grip-span.
Under the circumstances, and with the previous application
of TCLm, which has been used for measuring the optimum
grip-span [18], it was deemed appropriate to use TCLm here.

The results of the Eksioglu [18] study and the before
immersion condition at room air temperature for the current
study were the same, both found that optimum grip-span was
TCLm-2. However, the present study for optimum grip-span
at different temperatures is the first such study conducted and
will serve as a useful reference for future research in
grip-span. The optimum grip-span for 20 °C and 30 °C water
bath conditions was larger than that for the room air
temperature condition. This difference could be as a result of
an increase of the grasping ability of the participants due to
the diffusion of water into the skin of the hand. The wetness
of hands may have increased the coefficient of friction giving
better grasp ability. The optimum grip-span for 10 °C water
bath condition was smaller than that for the 20 °C and 30 °C
water bath conditions. This difference seems to be as a result
of lower grasping ability in the cold environments. The
TCLm method [18] used in this experiment is suitable to test
hook grip-span. However, there are some other common grip
types used in the industry [33]. Thus, the results of this study
should not be generalized to the other grip types (e.g.
cylindrical grip) [34].

B. Dexterity Test

Purdue test and manual tracking performance results have
been used as the criteria of manual dexterity in the previous
research on cold immersion [26, 6] and such studies have
provided useful information about the degradation of
dexterity performance in cold environments. However,
because different tasks require different skills and different
muscle involvements, it is necessary to consider a wider
range of tests before trying to generalize about the effects of
cold upon dexterity tests.

Goonetilleke and Hoffmann [6] used a task which required
the participants to draw between two constraining straight
lines. This task is quite similar in some ways to the linear path
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of the stabilimeter test in the current study except that the
paths on the stabilimeter become narrower along the
direction of travel. Another difference between the current
study and that of [6] was that, in addition to a straight path,
the stabilimeter tasks here included two additional paths; one
curved and one rectangular. The stabilimeter performance
levels at all the paths were found degraded at 10 °C compared
to 20 and 30 °C, and the effect of cold was found to be more
pronounced on the curved and rectangular paths compared to
the linear one. The performance at 10 °C was lower than that
at 20 and 30 °C by 20.0% and 22.4% respectively for the
linear path, 23.6% and 25.9% lower for curved path
respectively and, 34.7% and 37.0% lower respectively for the
rectangular path. The effect of cold was more pronounced
when the path was more complex.

The stabilimeter test involved overall coordination of the
arm muscles and was a test of gross dexterity. However, the
current study also employed the O’Connor test which
involved fine finger coordination abilities such as pincer grip.
Its test results at 10 °C were 23.5% lower than at 20 °C and
24.6% lower than at 30 °C.

The coldest condition caused a similar degrading effect on
performance levels for the O’Connor test and the curved path
of the stabilimeter. However, performance level on the
O’Connor test was degraded more than that on the linear path
of the stabilimeter but less than that of rectangular path of the
stabilimeter. These results make it difficult to generalize as to
whether gross dexterity is more affected by cold than fine
dexterity, or vice versa. The exact nature of the task and
involvement of the precise muscle groups may need to be
taken into account in order to get more specific information
about the effect of cold on performance.

C.Reaction Time

In this study, reaction time was defined as the time taken to
stop the consecutive randomly timed single stimuli with a
hand movement 5 cm. The task and the methodology used
here were very similar to those of Kauranen and Vanharanta
[28], and the results were similar in the finding that cold
temperature delayed reactions. The difference between the
two studies was the way in which cold temperatures were
achieved. Kauranen and Vanharanta [28] used cold packs of
-15 to -20 °C whereas the current study examined if delayed
reactions start at higher temperature (10 or 20 °C) by
inducing the cold via water bath immersion. The results
showed that significant delays appeared at the 10 °C
condition. In the cold pack treatment, the hand gets in contact
with the cold via a certain portion of the overall surface.
However, cold water bath immersion involves the entire
surface of the hand. But regardless of the way of inducing the
cold, the reaction time performance dropped with lower
temperatures. With the cold water bath immersion method,
the reaction time performance reduction is significant at even
10 °C which is more common to encounter in the workplaces.

D.Limitations

There are two major limitations that need to be noticed.
First, the participants of this study were young students. The
findings obtained here may differ with the age characteristics
of the participants, and they may not be completely
representative of the real work conditions. Second, although
some useful findings were obtained in this study and some
speculations were provided by the authors, the theoretical
reasons for such findings are not available at this stage and
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they need to be given and confirmed by ergonomists with
knowledge in physiology and related areas in future.

The findings of this study may not be generalized for the
entire human kind because a sample from a different ethnic
composition may produce different results [35].

V.CONCLUSION

The objective of this study was to investigate the effect of
cold on dexterity, reaction time and optimum grip-span. For
this purpose, four hypotheses were set and a series of
experiments was conducted on 12 volunteer participants. The
results confirmed the asserted hypotheses by showing that
narrower optimum grip-span and lower performance in the
O’Connor test, stabilimeter test, and reaction time test were
obtained at 10 °C condition compared to 20 °C and 30 °C
conditions. The results of the study should be useful for
situations where cold conditions are required, such as cold
storage, fish filleting, meat packaging, military operations
and Arctic or Antarctic explorations where narrower
optimum grip-span, reduced dexterity, and delayed reactions
at cold temperature can lead to an increase in accidents.
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