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ABMRAT

The present attAd investig•ted the effects of wearing various cominations
of the chemical protective ank ava gloves an the speed and accuracy of solving
cognitive problm. All testizv, ws czducted at 72 degrees Fahrenheit. The
results show that wearing the chical protective mask and gloves o wearing
the chemicaa protective gloves only, significantly degraded the rate (3.e.,
spue) of ccmpleting cognitive proble when compared to the be" handed/bare
headed ctrol. Wearing both the mask and gloves degraded the rate of t•sk

completion by 109 vhile wearing the gloves cnly reowuited in a degatin rate
of 8% ciupared to the bare handed/bare headed control. The accuracy of the
ouiitive problems completed was not significantly influenced by wearing any of
the ccmbinaticns of the mask and glove.. The decreent in perfonmance is
likel' due to an impairment in wanuadl dexterity and not in cognitive

processing.v
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Chamicl protective (CP) clothing sytems provide individual protectiau

agwjnW., rcuic hamards encountered in both the military and industrial

wtrki•ace. The U.S. Army doctrine combines various CP clothing item into four

Mission Oriented Protective Pb•tures QOFP) characterized by aeparate levcls of

protection which progressively achieves total encapsulation in the MOPP level 4

configuration. MfF? 1 ccsistot of wearing a charcoal impregnated overgarment,

MOPP 2 entails wearing the overgarment and rubber overboots, MOPP 3 is

characterized by wearing the ove r, overboote, and mask with hood, and in

MFP 4 the ovearment, overboots, mask with hood, and rubber gloves are worn.

Although WIP levels provide varying degrees of physical protection, the

performance of soldiers while wearing MOPP gear is compromised by both

phys-.ological and psychological factors. It has been well documented that the

relative impermeability of CP clothing adversely effects thermal regulation in

hot environments (Goldman and Breckenridge, 1976) and indeed most of the

performance research to date has focused on physiological reseposes to thermal

stress while wearing M[F 4. Numerous stAdies have determined that wearing CP

clothing in warm-hor, environments impedes evaporative cooling and results in

thermal strain and a diminished physical work capacity (Gocldman and

Breckenridge, 1176; Goldman and Winunn, 1978; Goldman, 1963; Henane, Bittel,I Vret and Morino, 1M9; Joy and Goldman, 1968; Martin and Goldman, 1972).

Auxiliary cooling methods, however, have proven to be effective in heat removal

while wearing MOPP 4 (Toner, White and Goldman, 1981; Toner, Drolet, Levell,

Levine, Stroechein, SawkL and Pandolf, 1983). On the other hand, the human

factomr encmbrances associated with wearing CP clothing itemz may also

ccmromise the performance of certain military tasks requiring ccgnitIve

problem solving skills or a high degree of manual dexterity or visual

perception. Only a faw studies have systmatically investigated the influence

of" MOPP levels or. cognitive, psychomotor and perceptual attributes common to

many military performance tasks.

Fine and K-brick (1987) investigated the effects of wearing MOPJ 4 in hot

(glF., 61VR) and normal (5W., 356%) cmndition coimpared to a NO MOPP con.trol

(7CF., 35%Fj over eight hours duration on sustained, sedentary military task

I.d_'ýA



perfcrmance. Their result. showed that performance on cognitively baeed
military tasks began to markedly degrade after four to five hour. Q exposure
to the hot condition in MIFP 4. The MUPP 4 syst by itself, however, (MOPP 4

at 5W5., 356W•) appeared to cause a decraeent in performance at certain points

in time, although, this effect was not consistently statistically significant.
A serious limitation to detecting visual signals while wearing the MEPP 4

system was reported by Kobrick and Sleeper (198). This degradation in

functional vision occurred early and rem.ined throughout eight hottrs of

testing. Johnson and Sleeper (1986) studied the impact of wearing the (P mask
and hood with rubber gloves on the soldier's ability to perform one-handed and

tw-handed tasks of manual dexterity. The results indicated that compared to

bare handed conditicnu, manual dexterity was substantially poorer with the
gloved hand. Moreover, the performance wav unaffectod by whether the soldier

was wearing the mask with hood. Rauch, Witt, Banderet, Tauson and Golden

(1986) investigated the effects of wearing M]PP 4, M[FPl 2, and a D-M[PP

control, the Battle Dress Uniform (HDL), on three =gnitive problem solving

tasks over 24 hours of testing. The results showed that wearing M[P 4
significantly impaired cognitive problem solving ocmpared to M[LP 2 and the EDU

control. The impairment attributed to the MOPP 4 condition, however, was
observed in the rate of task (i .e., problem solving) ccmpletion in cntrast to

task accuray. ThMrc were no significant differences between the M1HP 2 and

HDU conditions. The MOIH 4 decrement a2.one suggested that performance may be
cumpronised by wearing either the (P gloves ozi the (P mask or a combination of
both. Hence, the decrement in performance while wearing MHPP 4 may be a.

function --f impaired information input, such as visual distortions while

wearirg the mask, or by compromising the output by influencing manual dext-erity

while wearing the gloves and writing answers to cognitive problems.
Unfortunately the experimental design did not permit manipulation of a glove vs

mask effect while in the MLPP 4 configuration. The purpose of the present
study, therefore, was to determine the effects of wearing the (P gloves ve

wearing the (P mask vs wearing both the (P mesk and gloves on a c•ognitive

problem solving task.
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&uJbect.. The subJects oomiuted of eigt fe.mle and seven smle

volumteers frem the U.S. Arn Reeazrch Instate Of B irc ta Medicine.

Subject aga@ raug' d frm 22 to S7 years.

O:mitive Test. A paper and pencil test of mLth ocuitAti rewuired the

subject to add three 2-digit nubers arrayed vertically. Math cutstion
problem of this trpe eae masure of number facility and a n attribute
in mnyW militarf tasks. The math ctesutaz test had alternate form and a

sufficient nuer of problems to preclude anyone frnm completing the test

during a tw minute test aninistration.

Desin and Procedure. The experimental design acmisted of mie betweem-

subjects factor, M, with two levels and one within-subject. factor, (P

omditica, with fcor level.. The four (P comddticm (levels) were: (1) wearing

the (P gloves only; (2) wearing the OP mask only; (3) wearing both the (P moak

and the (P glove.; and (4) bare anded and bare headed (i.e., not wearing the

gloves and mak). Bach subject wee tested on alternate form of the m.th
•ut,.ticn teot in each of the four P conditionm. The crder of MOPP

ccditicas randoized for each subject. Every subject practiced twelve

problem in each MOPP condition iedi tely prior to that testing session.

Alternate forms of the math --_taion test mes m64ni•istred for a. tw minute

test mision prior to which subjects were instructed to "work as quickly and as

accurately as possible." All testing w. cnducted at 72 degrteu Fahrenheit.

lesults

Math cscqutatior• s eu coasisted of the number of problem cxmpleted and

the number of problem wrog based on a two minute test atininistration. The

=mans and standard deviations of problei completed and problems wrong by (P

level are presented in Table 1.
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A 2 X 4 repeated inasureu analysis of variance revealed a signficant min

effect for the CP nitiona the numer ofpr•cb•ems leedE, F(3,42) -

4.23, ( < .02. 7he number of problems w g did not significantly differ am

CP levels. Likewise, there ws no significant uMi effect for SM and no

significant RK by CP int ac for problem cmpleted or problems in .

A Least-significant difference test was perfaruaq4 for posteriori contrawst

an the significant main effect of P an problem campleted. The powt hoc

analysis revealed two significant contrasts. Wearing both the CP =mk and

gloves resulted in a significantly lower nutub cd problems cmpleted in

contrast to the bare handed/bare headed condition, t (15) - 3.21, p < .01, and

wearing the (P loves only resulted in a significantly loer number of problem

completed in contrast to the bare handed/bare headed oanditin, t1 (15) = 3.02,

p < .01. Fiure 1 depicts the group means of math Cal problems

caqleted for the CP levels.

Discu~ssion

The results of the present Stud Rm that wearing the (P mask and sloves
or wearing the (P gloves only significantly degrades the rate of c leting a
written cognitive task when compared to the bere handed-bare headed control.

Differences between the (P levels should be attributed to the uinmn factor

enuibrances (i.e., limitations of manual dexterity and sensoy-peceptual
capabilities) associated with wearing the ma&i and gloves. In a recent study,

Johnson and Sleeper (1M) found that comared to a bare handed caditian, fine

finger manua~l dexcterit~y was substantially poorez in a group wearing the (P
glove. Furthermore, the performnce between bare banded and gloved conditions

remained the meregardless of woring the (P mak with hood. In the present

study, wuearg the mak only, did not produce significant perfammnce

decr•ments. Tie performance decemet observed while wearing the gloves or

hidle wearing both the gloves and mask is likely due to the greater

4



amrmt of time required to write three digit answers using paper and pe.kcil

while wearing (P gloves. This type of performance decrement may be largeiy

attributed to an impairment in inforuaticg output (i.e., writing three digit

answers) and not in the process, g of cognitive information itself.

Further-,re, since there mwa no main effect of (P level on acmputation errors

it is doubtful that thm. accuracy of processing cognitive information is
affected by wearing the (P item under subject-paced conditions and withoit

thermal stress over a short period of time. Although the d acreaent in

productivity is apparently due to wearing the CP gloves, the type and amount of

inforzation in the visual display of the stimulus could also influence

productivity. For example, with number cumparison tasks very little

informatim is presentee and abstracted from a single eye fixation compared to

vertical addition in math computation. The greater amount of information

presented in mth ccmputation tasks requires more time in visually acquiring

and therefore processing the information. Hence, although output parameters

involved in math computation productivity appear to be degraded the most in the

gloved condition and in the gloved and mask condition, it is not unreascnable

to suggest that the visual acquisition of certain types of stimulus information

mav also be sensitive to degradation while wearing the mask.
In mmmury, the results show that wearing the (P mask and gloves or

wearing the CP gloves only significantly degraded the rate of campleting a

writte-i cognitive task when oampared to the bare headed-bare laided control.

Wearing the mask alone did not produce significant performance decrements. The

accuracy of the oampleted tasks were not significantly influenced by wearing

combinaticos of the mask and gloves. The results of the present study have
some implications on expected decrements in military performance while wearing

MOFP gear. Threat doctrine will employ persistent agents in the Division Rear

Area to disrupt combat service support. The speed of perfc.-ming logistical

tasks of short duration while wearing the (CF gloves may require 10% longer to

canplete compared to a bare handed condition. It is important to note that

although subjects in the present study were permitted practice trials in each
CP caoniguration, performance was not intended to reach asymptote; that was not

the purpose of the stud) The personal observation of the authors has been

that soldiers in field -.aits spend little time practicing routine duties/tasks
in MP 4 or while wearing the mask and gloves. Therefore, the present study

was undertaken to determine the effects of wearing (P items on a familiar, but

not a well practiced, task.
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