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Abstract‘ The paper presemts the results, of an mvestlgatmn into the physio-
logical cost of psych1c load in the grofession of industrial managers. The
- psychic” workload was’ estimated on tne basis of an evaluation of work re-
" quirements and the ability .to meet them in terms of mental difficulty, mo-
notony, risk, responsibility, interpersonal conflicts and time pressure. The phy-
siolegical cost was estimated on the basis of heart rate at werk, during.leisure
-time .and sleep. Heart rate at work. indicated that occupatlonal tasks carried
_significant psychic’ ioad. Notably, the analysis of requirements involving risk’
*'showed thém -to be.the most impor: tant factor affecting heart rate. Physiolo-
gical effects of psychic, load at work persisted round the clock, which is. ref-
. lected 'by & correlation between heart rate during lexsure time and sleep and
' some measures of loed and/or: wcrkmg time. .

INTRODUCTION

_ . Many authors believe heart rate to be a useful load indicafor, since
it integrates reactions to p[hysical effort, heat stress and mental effort
and emotional stress resulting from work attitude and psychosocial sig-~
nificance -of: 51tuat10ns encountered. This conclusion. is based on studies
conducted both in laboratory conditions. (2, :16; 19, 20, 21) ‘and in the
workplace (7, 9,710, 12, 13, 15, 17). Such factors. as limitation of motor
activity, monotony and sensory deprlvatlon cause :a drop in heart rate
in heat and .emotional -stress whereas mental effort causes .its -increase.
This- 1ncrease is higher than one would. expect, considering the-intensity
of . the physmal effort involved. It is also known that, even though heart
rate recovery after a physical effort ;s -quite fast, psychological .effects
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of stressogénic situations persist-over a-long-period-of-time-(11, 18).-The--
search for physiological indicators of the psychic load is justified mostly
by the fact that it is not always possible to predict precisely the work-
load purely by estlmatmg the infensity and types of stimuli. Typically,
industrial management ‘is the kind of work where -the psychlc load 1s
the dominating one. :
" Psychic load estimation is not an easy task, since there is no ge-
nerally acceptéd concept of load and no method ‘of measuring it: Atten-
tion has recently been focused on the methods of estlmatmg the sub-
jective psychic load. They are quite easy to apply following the -defi-
nition of load which says that the psychic load constitutes an individual
reaction to work performed (4, 22). In order taq .answer the gquestion
whether it is psychic load that,contributes significantly to the functional
.state of the human organism, it seems necessary to assess the relation-
. ship between the extent of load and the level of physiological reactions.
The aim of the present study was to carry out this kind of analysis
with respect to the perceived psychlc workload reflectmg the 1ntens1fy of
effort, and"to- heart rate reflecting physiological reactions to work. In
view of-the dlversxty of factors contributing to.psychic load it has been
decidedto determine which 'of them most significantly affects physiolo-
gical reactions during work and ‘Whether the extent of the’ psychlc load
modifies these reactions” ‘only during work or also’ during leisure time.
The study involved persons employed as managers in a-major textile
fzactory in Lodz. This paper.presents the results of the study’s investiga-
tions on women. '

MATERIAL AND METHOD R
lhe"stud'y' focused on 16’deen managers from the following de-
partments: technical advancement, programming and. organization, plan-
ning ‘and economics, personnel and professional training, exploitation,
finances, employment and wages lavv designing, a d1agnost1c laboratory
and a cultural centre. Data onage, duratlon of employment and the
nuniber of subordmates are presented in Table 1. :
-The subjects had their ECG recorded for 24 hours with the use of
the Medilog 3000 (Oxford): recordmg dévice. During the entire perlod of
regxs‘tratlon those examlned completed activity diaries noting the tlmes
of changmg their type of activity. They were also asked to rate: 1) the
_strenuousness -of each task- or -situation in terms of the percewed inten-
sity of physical effort; 2) difficulty in terms of mental effort, and 3)
neuro-emotional tension. The ratings were made according to a 5- -degree .
scale on ‘which “1”" corresponded ‘to the lowest intensity -and. “5”. tq. the
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TABLE 1. Characteristics' of the Tested Group .

Employment period -

. Number of A § " — . Number of Level of
subjects ge total as an - subordinates education
executive
16 420+ 6.2 208 +62 11853 166 + 141 14 university
T e o o . ~ graduates

2 high_ school |

highest. A detailed description of the activities ‘was:used to estimate
their. energy expenditure, The values- of energy expendlture for each
act1V1ty were taken from literature (8). ’ g

.The subjects were -also asked to estimate the perceived psychic load
accordmg to the method developed-at the Department of Work Psycho-
logy; Institute.of Occupational Medicine in Lodz (5). The method invol-
ves'g. subjective estimation of work requirements and: of ability to cope
with' them. It includes six measures of psychic workload: mental diffi-
culty, monotony, risk, responsibility, .interpersonal conflicts and time
pressure, The asséssment involves a-comparison of the subject’s work
with the description” of ‘tagks or names of professions to which particu-
lar values in points (1—9) are attributed. The scale for each type of
load _cohtain nine -descriptions of tasks ‘or professions and the subjects
were supposed to match their own work with eac¢h of these deseriptions.
The rating of -work- requlrements corresponds to the mean value of acti-
vities. assocrated w1th workload ‘basically .as work performed by the
person examined. When rating “the abilities, the subject marks &Il the
tasks she-can cope.with and the result corresponds to the hlghest rated
task. . :
-Heatrt rate ‘was calculated from ten minute periods of 24 h ECG re-
cording. Mean heart rates were then calculated for working time (HR
work), leisure time (HR home) and sleep (HR sleep). For working and
leistire time also. the we1ghted Inean - value of energy expendlture per
mirute and the- Welghted mean of estimations of strenuousness, difficul-
ty and neuro-emotional tension. were calculated. In view of the fact
that such additional factors as age and restmg heart rate 1nﬂuence heart
rate during work two indices .were calculated takmg the sleepmg heart
rate as the restmg heart rate.. Thus ‘the’ calculated ratios'were HR work
" /HR sleep and HR home/ HR sleep The relatlve heart rate ie. the per—
centage. of heart rate reserve which constltutes the work pulse * was
calculated accordmg to the formula (1)

HR work .— HR sleep XlOO‘O/
\ 0

_HR O
, '.‘/0:.- HR max — HR sleep
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HR max was calculated according to the formula (1):

~HR max =220 — ag‘_e.

RESULTS - - _— L .

‘During the 24h ECG recordmg the subJects worked for about 7
hours and slept about 6 hours 45 min. The remaining time was occupied
by their travel to work, household chores and rest (nearly 2 hours).
Energy expenditure amounted on the-average to 0.69 kcal/min, during
work rand to 1.13 . kcal/min during - leisure time. The  diffe-
rences between these values were statistically. significant. .(p = 0.02).
Heart rate, just like energy expenditure, was higher at home,
but in this case the difference .was not .very big (3.5 beats/min)
and so. statistically insignificant. The differences between the values of
the percentage heart rate-reserves “at work” and “at home” and between
thé ratios of the heart rate “at work” and “at home” and the sleepmg
heart rate were also. statistically insignificant. iy

»The small differences in heart rates coupled. w1th the S1gmf1cant
differences’in energy expenditure indicate that other factors characteri=

TABLE 2.‘thsidlcgica.l'»lndices of Load during Work and Leisure Time-

 Variables — : s :
art at work at home - during sleep

Duration (min) . ¥ 427 £ 98 597 £ 102 406 + 46
Energy expenditure ) ’ i ’ T '
(kcal/min) : 069£020 - 113+032 = T —
Heart rate )
(beats/min) . - S } . 86.0+13.1 98.5+9.4 66.6 + 8.0
Relative heart rate o . - : .
. ) 172496 21153 o=
Ratio of heart rate at Work and at o ) '

home and sleeping Heart rate 1301016 1353008 R

zed not just by energy ekpenditure influence the subjects during work.
‘This seems quite obvious in view of the nature of the profession. Gene-
rally.. speakmg, the ‘work. of managers.. involves such tasks as setting
workmg schedules for subordmate divisions, supervision, preparatmn
correction and signing of documents ‘preparation of reports for superiors,
dealing with current administrative and finahcial matters, participation
in meetings and conferences, holding talks with subordinates and con-
tracting parties, staying+informed with. professional . literature, imple-
mentation of new  working. methods (computerization). In rating the
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work requirements the highest grade was given to the possibility of in-
terpersonal conflicts and mental effort. The lowest grade was given to
monotony. The mean values of subjective estimation of coping with
work requirements indicate that the possibilities failed to meet the re-
quirements only in the case of mental difficulties, yet individual values
varied greatly (Tab. 3). .In view of the fact that subjective estimation.

;I‘ABLE 3. Profile of Perceived Psychic Workload

< Estimated - » )

: Mental Respon- . Time
Nload dlfﬁcultqunOton Risk - sibility Conflicts 1occure
indices - ~ measure !

Work demands 6.27 3.48 5.19 6.18 7.09 5.92

1.80 1.07 1.81 1.80 4.35 1.48
Ability to cope with . 598 437 6.55 7.17 .7.43 7.27
the demands <169 1.91 1.87 1.66 134 °  1.33

of psychic load described as work requirements and the ability to cope-
with these requirements another kind of -estimation was applied. It was.
designed to compare subjective load in the workplace and at home, It has
been found that work on the job was rated higher in terms of difficulty
and neuro-emotional tension, while work at home was considered harder-
(Tab 4).

TABLE 4. Estimation cf Strenuousness, Difficulty and Neuro-Emotional Tension.
during- Work and Leisure Time

Estimated situations Difficulty Strenuousness Tension
Work - ) 2.02 ‘ 2.39 2.26
0.68 0.43 0.80
Leisure  time ) 181 . 2,69 1.67
0.76 0.37 - 0.65

In order to assess the relationship between the perceived psychic
load and its physiological effects, multiple regression analysis was app-
lied, where both kinds of ratings, age, number of subordinates, time and
energy expenditure at work and at home were treated as independent:
variables (Table 5 and 6). Among the independent variables in regres--
‘sion equations used to predict the scope: of circulatory reaction during
work, the most common ones were age, the rating-of requirements, the
assessment of risk, estimation of coping with conflicts and time pressure,
estimation of strenuousness and difficulty of work and the number of
subordinates. Energy expenditure during work, the estimation of re-



402 T. Makowiec-Dabrowska and A. Bortkiewicz

TABLE' 5. Regression Equations Describing Deperidence of Circulatory Load
Indices during Work and Leisure Tip’ie on Age, Working Time and Expenditure
during Work and Leisure Time and on Estimations of Work Demands and Ability
to Cope with Them

Dependent Relative Ratio

variables Heart rate - " heart -
Independent rate HR work HR home
variables at work  at home at work HR sleep HR sleep
Age " —3.060 —0890  —1.858 . —0.0300 —0.0034
Working time . 0.079 : —0.0014
Leisure time —0.041 —0.0012
Energy expeéenditure
at work
at home. 18.988 . 0.2052
Number of subordinates 0.485

Estimation of demands
concerning: mental

difficulty 3.328 0.0278
risk 3.392 ' 0.0631
responsibility 2.570 0.036
conflicts —9.913 —1.066 0.0041
time pressure —1.840 - —0.0088
Estimation of the

ability

to cope with:

mental difficulty : 0.0454 0.0068
monotony —1.316 —0.0235
risk . - —0.0349
responsibility —3.871 —4.837 —0.0510
conflicts 6.043 2.743 —0.0637 —0.0032
time pressure —4.940 ' —0.0706

Constant 269.246 112.716 91.148 3.170 2.866
Multiple correlation

coefficient 0.833 0.810 0.998 0.937 1.000
p value © 0005 0.034 0.0001 0.0011 0.0000

quirements concering monotony, and the estimation of neuroemotional
tension, did not appear in any of the regression equations. The scope of
circulatory reaction during ‘leisure time was affected by age, energy
expenditure at home, ability to cope with responsibility and conflicts,
neuro-emotional fension at home and in the workpldce. This reaction
during leisure time was not affected by estimations of requirements
ivolving monotony of work, risk, the estimation of ability to cope with
hazardous situations and time pressure and also estlmatlon of difficulty
and neuro-emotional tension at Wwork.

Heart rate during sleep depended on heart rate during work and
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TABLE 6. Regression Equaticns Describing the Dependence of Circulatory Load
 Indices during Work and Leisure Time on Age, Working Time, Energy Expendi-
ture and on Estimations of Strenuousness, Difficulty and Neuro-Emotional Tension

Dependent Heat rate Relative heart rate . Ratio
variables HR work
Independent at home  at work  at home HR sleep
variables
Age —1.445 —1.751 —1.547 —0.022
Working time —0.052 0.041 0.029
Energy expenditure
at work —15.025
at home 29.876 7.450
Numebr of subcrdinates 0.416 0.324 0.007
Estimation of woerking {ime :
as regards strenuousness —14.348 —5.884 —0.227
diffculty 10.233 0.146
Estimation of leisure time
as regards strenuousness —10.608
diffculty —10.383
tension 15.944 7.315
Constant 173.581 —380.333 72.404 2.351
Multiple correlation coefficient 0.845 0.894 0.929 0.880

p value 0.0375 0.0029 0.0061 0.0014

leisure time and on the time at work. This relationship could be descri-
bed by the following equation:

HR sleep =—9.84—0.32 HR work - 1.07 HR home+0.02 working time.
Multiple correlation index amounted to R == 0.042 p = 0.0001.

DISCUSSION

The results obtained in the present study offer an assessment of
the extent of psychic load from both psychological and physiological poi-
nts of view. According to the authors of the method of subjective esti-
mation of psychic workload (5), the ratings of work requirements took
on high values for mental difficulty, responsibility, interpersonal con-
flicts and time pressure. As regards risk-related requirements, the ra-
ting level was medium high, while monotony was rated low. Mean va-
iues in rating the ability to cope with these requirements were a little
higher than the rating of the requirements, which indicates that in
most of the cases there was no overload resulting from requirements
higher than the possibilities. The profile of the requirements indicates
that, according to the subjects ratings, the nature of manager’s work
is different- from that of a power plant operator, telephone exchange

/
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-operator or a physician (4). The rating of the possibility of interperso-
nal conflicts, which dominated in the tested subjects, was riever so high
for the above-mentioned professions.

On the basis of circulatory reactions (according to the classification
of Navakatikian (17) one can conclude that the subjects performed work
associated with significant psychic load, because the average heart rate
was in the range of 89—95/min. There are no available data on the sco-
pe of circulatory reaction during similar work performed by women.
Industrial managers examined by Henningen and Wortham (10) during
work had an average heart rate of 80/min. The heart of male industrial
managers examined by Krauze and Sowa (13) was in the range of 60-—
—100/min. Percentage reserve. heart rate during work amounting to
17% in our subjects, was higher than in women operating spinning fra-
mes and looms (9) and a little lower than in women employed in the
metallurgic industry in Finland (7). Mean value of the HR work/HR
sleep ratio, amounting to approx. 1.30 in our subjects was lower by
comparison to the ratio obtained by Fordham in nurses (6), by Diament
in female students (3) and by Goldsmith in vehicle assembly line wor-
kers (7). One can assume that lower values of this index found in our
subjects results from smaller physical load during work and a heart
rate a little higher during sleep. The value of HR home/HR sleep ratio
amounting to approx. 1.35 was very similar to the values obtained in
the study performed in nurses and female students (3, 6).

The circulatory load during work does not depend on energy expen-
diture but on other work-related loads, specifically on risk-involving re-
quirements‘. It is thus a measure of load and it causes the most varied
physiological reactions, but this problem requires further investigation.

As predicted, the physiological consequences of workload persisted
round the clock, which is indicated by the dependence of heart rate
during sleep on working time. The circulatory load during leisure time
was higher when the ratings of work requirements were ‘higher, the
ability to handle them lowered circulatory reactions. The higher heart
rate during work, the lower during sleep. This is in accordance with
the results of Kulikovskij who found that sleeping heart rate after in-
tense mental work is lower than in control conditions. He explained this
phenomenon by an increase in parasympathetic tension which is higher
when after-work fatigue is greater (4). The sleeping heart rate was
higher when it was also higher “at home”. The latter is most dependent
upon energy expenditure during leisure time. For most subjects the
time spent at home was not only leisure time. It was devoted not only
to everyday housework, but also to gardening, making pickles and jams
ete. (the investigation was carried out in surhmer) — in on extreme

LY
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case, energy expenditure at home amounted to 900 kcal, corresponding
to moderate physical work.

The relationship between sleeping heart rate and time at work indi-
cates that the activities during leisure time: do not make for sufficient
relaxation and, as a result, physiological effects of one’s professional
involvement persist over a long period of time. Therefore, it seems
necessary to develop relaxation methods appropriate for this group of
workers.

The. analysis of the relationship between the scope of circulatory
reaction and the estimation of workload yields coné¢lusions not only on
the contribution of psychic load to physiological cost, but on methods of
testing those factors. Physiological cost could be explained better by
indices comprising sleeping heart rate regarded as the resting level. The
level of those indices, reflecting changes dependent upon individual
" factors not associated with work, depends on a greater number of para-
meters characterizing workload than the level of absolute values of
heart rate. It seems that the assessment of psychic workload consisting
of the analysis of work requirements and the ability to cope with them,
is more useful for predicting physiological cost of work involving this
kind of load than a mere assessment of work difficulty and neuro-
-emotiolnal  tension associated with work performed. The ratings of
particular load measures were the- predictors of circulatory reactions
both at work and at home. The rating of risk-related requirements, one
of the measures of psychic load, appeared in all three equations,
describing the physiological cost of work. This measure was rated at the
medium level. The rating of requirements involving a. possibility of
interpersonal conflicts, which was the highest-rated load measure,
appeared only in one equation as a predictor of heart réte_ during work
and, interestingly, as a factor lowering heart rate. This shows the pur-
posefulness of using the results of physiological tests in assessing the
weight of particular load measures in a general assessment of psychic
load.

ACKNOWLEDGEMENT

This study was supported by the CPBR project 11.11.28.1.:
“Complex method of estimating workload at contemporary worksposts”.

REFERENCES

1. Astrand P. O., Rodahl K.: Textbook on work physiology. Mc Graw-Hill,
New York 1970. — 2. Carroll Q., Turner J. R., Hellawell J. C.: Heart rate and
oxygen consumption during active psychological challenge: the effects of level of



406 T. Makowiec-Dabrowska and A. Bertkiewicz

difficulty. Psychophysiology 23: 174—181, 1986. — 3. Diament M. L. (et al): On the
assessment of habitual physical activity. Journal of Physiology 200: 44—45P,
1969. — 4. Dudek B., Makowska Z.: Psychological work-load measurement scales.
Przeglad Psychologiczny 29: 541—554, 1986 (in Polish). — 5. Dudek B. (at al):
Development of the method for-the measurement of psychic work-load and evalua-
tion of the effect of exposure to toxic substance. Report CPBR 11.11.32. IOM %Lédz,

Teresy 8, 1987 (in Polish). — 6. Fordham M., Appenteng K., Goldsmith R.: The
cost of work in medical nursing. Ergonomics 21: 331—342, 1978. — 7. Goldsmith R.
(et al): The cost of work on a vehicle assembly line., Ergonomics 21: 315—323.
1978. — 8. Grandjean E.. Ergonomics of the home. Taylor and Francis, London
1973. — 9. Grifeve J. L.: Heart rate and daily activities of housewives with young
children, Ergonomics, 15: 139—146, 1972, — 10. Hennigan J. K., Wortham A. W.:

Analysis of workday stresses on industrial managers using heart rate as a criterion.
Ergonomics 18: 675—681, 175. ‘

11, Kikolov A. I.. Mental work and emotions. Medicina, Moskva 1978
(in Russian). — 12, Khalfque A.: Job satisfaction, perceived effort and heart rate
in light industrial work. Ergonomics 24: 735—742, 1981, — 13. Krause M., Sowa K.:
Cardic arrhythmia as an index of mental load. Ergonomia 2: 31—40, 1979
(in Polish). — 14. Kulikovskij V. V.: Influence intensive mental load on night
sleep. Fizjol. Celov, 11: 247—251, 1985 (in Russian). — 15. Makcwiec-Dgbrowska T.,
Radawan-Wtodarczyk Z., Koszada-Wlodarczyk W.. Analysis ¢f the usefulness of
different methods in evaluating the heart rate divring work within work load
studies. Med. Pr. 31: 99—107, 1980 (in Polish). — 16. Miller S. B., Ditto B.: Cardio-
vascular responses to an extended aversive video game task. Psychophysiology 25:
200—208, 1988. — 17. Monod H.: La validite des measures de frequence cardiagque
en ergonomie. Ergonomics 10: 485—537, 1967. — 18. Navakatikian A, O., KryZanov-
skaja V. V.. Working capacity of mental workers and ageing. Zdorov’ja, Kiev 1979
(in Russian). — 19. Suggs C. W., Splinter W. E.: Some physiological responses of
man to work load and environment, Journal of Appl. Physiology 16: 413—420,
1961. — 20. Turner J. R., Carrol D.: Heart rate and oxygen cconsumption during
mental arithmetic, a video game, and graded exercise: further evidence of meta-
bolically-exzggreated cardiac adjustments? Psychophysiology 22: 261—267. 1985.

21. Vegt J. J., Meyer-Schwertz M. T., Foehr R.: Motor, thermal and sensory
factors in heart rate variation. A methodology for indirect es‘imation of inter-
mittent muscular work and environmental heat 1loads. Ergonomics 16: 45—¢€0,
1973. — 22. Wichrowski A. Tudek B.: Physicians mental fatigue due to work
performance vs. professional qualificatiors. Med. Pr. 39: 246—252, 1988 (in Polish).

Received for publication: 12.02.1989
Accepted fcr pubiication: 5.(9.1989



