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Work load, psychophysiological strain and coping of innovation
project management in industry

by Raija Kalimo, PhD,l Arto Harju, MA,l Jukka leskinen, MA,2 Erkki Nykyri, Sell

Planning and implementing innovations are distinct
processes which differ greatly from a regular indus­
trial work regime. A project model is becoming more
and more common for work in the industrial planning
and implementation of innovations. This type of work
abounds with competition and high economic interests.
Novelty and lack of previous experience cause great
demands on time management and competence. Pro­
ject groups are usually formed of people who do not
work together in their ordinary duties, and this lack
of familiarit y may create unexpected problems.

Quantitative work demands are typically very high,
and the responsibility and know-how are centralized .
There is a risk that incentives and productivity pres­
sures will lead to ignorance of the limitations of the
resources of the employees. Occupational health prob­
lems related to this trend and means for intervention
are poorly known.

Threats on the well-being of persons involved in in­
novation projects can be conceptually analyzed on the
basis of the framework of the general stress theory .
Accordingly, lack of balance between work demands
and human resources on one hand and between hu­
man aspirations and job opportunities on the other
cause stress, which in turn has negative consequences
with respect to psychological , physiological, and be­
havioral functions. An individual's internal and exter­
nal resources and coping strategies modify the inten­
sity of stress and its consequences.

Stress has been shown to increase activation of the
sympathoadrenomedullary and adrenoco rtical systems
(1-4). Repeated exposure to mild stressors, common
in daily work, without periods of recovery is thought
to cause a destabilization of the system. As a result,
the organism reacts increasingly strongly to the same
stressors, and the heightened response pattern may
gradually become chronic. Overtime at work aggra­
vates the pattern (1). Differences in the excretion rates
of the catecholamines have been reported between oc­
cupations (5). Views and findings on the differential
sensitivity of catecholamines and cortisol to different
types of stressors vary (2, 6, 7). There is an indication
that cortisol excretion increases in stressful situations
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that cause helplessness(8)or problems in coping in gen­
eral (9).

In a previous prospective study (Kalimo & Olkko ­
nen, unpublished) work demands, resources, and strain
were monitored with psychological and physiological
methods during one year in a project management
group (N = 27) of a technological development pro­
gram and a reference group (N = 9) in industry. The
excretion of adrenaline, noradrenaline, and cortisol did
not differ significantly between the groups. The dif­
ferences between the individuals were great. The
highest individual levels of cortisol were measured in
the project group. Time pressure , work-related wor­
ries, and frequent symptoms of exhaustion charac­
terized the project group more than the referents. Dur­
ing the peak periods of project work, normal work­
hours were greatly exceeded. This excess had a major
impact on leisure activities and private life as a whole.
Case analysis of those with the highest catecholamine
excretion indicated a connection between high excre­
tion , high work load, and strain.

The objectives of the present study , based on the
previous one, were to investigate the accumulation of
work load and strain in the managers of an innova­
tion project group and to analyze the role of coping
and the integrat ion of the group in this process. A fur­
ther goal was to develop support strategies for the con­
trol of the periods of high work load and strain.

Subjects
The subjects were two groups of project managers
(N = 16), each responsible for a major industrial con­
struction project. Each subject was in charge of a
broad sector of the total undertaking, some with sev­
eral hundreds of employees. Their organizational and
work roles corresponded to each other, but the groups,
called the cohesive group (N = 8) and the disjointed
group (N = 8), had differences in their structure and
function. The cohesive group was formed by its leader,
while the management of the company nominated the
members of the disjointed group. Two of them were
nominated several months after the others. The cohe­
sive group worked more as a group, while the dis­
jointed group was characterized by a division into sub­
projects, and the group served them primarily as a basis
for the distribution of information. The mean age was



48.6 years in the cohesive group and 41.2 years in the
disjointed group. All of the group members were men.

Methods

Collection of data. The subjects and the work situa­
tion have been monitored during the first 17 months
of the total follow-up period of about three years,
which lasts from the early planning phase to the be­
ginning of production.

For the determination of noradrenaline and cortisol
all urine was collectedon two successive workdays each
month. The catecholarnines were assessed with a ra­
dioenzymatic assay and the cortisol with a radioim ­
munologic technique.

Personal interviews for gathering information about
work, stress, and coping were carried out three times
by two interviewers who made separate assessments
on that basis. A questionnaire was also used.

Analysis of data. Sum scales were made of the ques­
tionnaire items and some of the interview items, for
which a mean value of the two interviewers was first
calculated. The differences between the group means
were divided into two categories in regard to whether
or not the direction of the difference was in accordance
with the hypothesis or in the opposite direction. The
binomial one-tailed test (10) was used to determine
whether the number of the differences in the hypothe­
sized direction differed statistically significantly from
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the value expected at random. The latter was calcu­
lated on the assumption that the probability of the
difference between the two groups being in the
hypothesized situation at random was 0.5.

A monthly indicator of noradrenaline and cortisol
was determined for each individual from calculations
of the means of the two successivesamples. The differ­
ences between the group means were tested with the
t-test,

The determinants of the trends of the excretion of
the hormones during the 17-month follow-up period
were analyzed with linear regression models for re­
peated measurements.

Results

The work situation was, as expected, more positive,
and there were fewer signs of strain, in the cohesive
group than in the disjointed group according to the
self-reports and the interviewer assessments (P<O.OI)
(table I). Personal resources did not differ significantly
in the two groups.

The mean levelsof cortisol during the entire follow­
up period did not differ between the groups, while the
excretion of noradrenaline was higher in the disjointed
group (P = 0.05).

The general pattern of the excretion of both hor­
mones differed significantly between the individuals
(general linear model, P < 0.001). Interindividual vari­
ance explained 55070 of the variance for cortisol and
47% of the variance for noradrenaline. When the time

Table 1. Means of sell-reported and interviewer assessed work-related factors, indicators of job satisfaction and strain, and
resources for coping by group. (+ = in direction of hypothesis, - =not in direction of hypothesis, NS =not significant)

Mean Observed
Source of Group expected direction
informat ion

Cohesive Disjointed to have higher ofgroup group score difference(N=8) (N=8)

Work-related factors"

Commitment to work (5) Self-reported 4.1 3.9 Cohesive group +
Commitment to project (4) Self-reported 4.4 3.9 Cohesive group +
Commitment to project (1) Interviewer assessed 4.7 3.9 Cohesive group +
Quality of project group (8) Self -reported 4.3 3.3 Cohesive group +
Integration into group (1) Interviewer assessed 4.2 2.5 Cohesive group +
Ability to cooperate (1) Interviewer assessed 4.2 3.6 Cohesive group +
Awareness of total (1) Interviewer assessed 4.7 3.6 Cohesive group
Job stressors (31) Self-reported 2.3 2.5 Disjointed group +

Job satisfaction and strain"
Job satisfaction (5) Self-reported 3.7 3.6 Cohesive group +
Psychological symptoms (9) Salt-reported 2.0 2.2 Disjointed group +
Symptoms of burnout (7) Self-reported 2.3 2.4 Disjointed group +

p<0.01b

Resources for coping"
Self·satlsfactlon (5) Self-reported 3.0 3.0 Disjointed group
Sense of coherence (13) Self-reported 5.6 5.1 Disjointed group +
Social support (6) Self-reported 4.0 3.6 Disjointed group +
Personal resou rces (1) Interv iewer assessed 3.8 3.6 Disjointed group +
Effectiveness of coping 1990 (3) Interv iewer assessed 3.2 3.2 Disjointed group
Effectiveness of coping 1991 (3) Interviewer assessed 3.0 3.4 Disjointed group
Overall control of stress (1) Interv iewer assessed 3.4 3.1 Disjointed group +

NSc

a Number of items In each scale (classes from 1 to 5) are given in parentheses .
b Probability of observing 11 expected differences at random.
C Probability of observing four expected differences at random is greater than 0.05.
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variable (month of assessment) was added to the model
with the person variable, the explanatory power of the
model did not increase. This result indicates that the
excretion of the hormones did not vary systematically
with time. The interaction parameter of time and mem­
bership in the groups increased the explanatory power
of the model for noradrenaline (P = 0.045) but not for
cortisol. This finding indicates that the excretion of
noradrenaline in the disjointed group increased with
time .

Discussion

The small number of subjects available in innovation
project management sets limits on a study of their work
conditions and stress. Although the project model is
relatively common in industry, the projects are usual­
ly unique and cannot be compared. External controls
are therefore not available. The analysis of the varia­
tion of strain in time and its relation to job stressors
usually remains as the main possibility for study. The
temporal pattern of job stress among project managers
may greatly vary between individuals, and consequent­
ly strain levels may vary. This possibility limits the use­
fulness of the data on the group level. The situation
is further complicated by the fact that the general levels
of individuals vary.

In this study noradrenaline excretion was higher in
the disjointed group with more negative features in the
work situation, weaker group integration, and higher
psychological strain. The mean age of the disjointed
group was lower, and on this basis their catecholamine
excretion would be expected to be lower because cate­
cholamine excretion has been shown to increase with
age (11). The excretion level of cortisol rose with time
in the disjointed group, a finding which also indicates
a higher accumulation of stressors and strain in this
group. The study of physiological strain among the
project managers with time was limited by the diffi­
culty of obtaining reliable base-line data . The project
managers became involved in the project gradually,
and some of them had a demanding work situation in
the same type of tasks before the beginning of the pro­
ject. First measurements that were supposed to reflect
a "before" situation thus did not fully fill the require­
ments of a base line.

Coping resources and the effectiveness of coping did
not vary systematically between the groups. Therefore
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the managers were not selected into the two projects
according to these factors . Coping resources and strate­
gies are expected to be high in persons selected into
project management roles. There were, however, clear
differences between the individuals.

The accumulation of stressors and strain in the dis­
jointed group may be based on a weaker coordination
and integration of their work with less cooperation,
and on resulting lower group support. The analysis of
data on the group level was, however, not sufficient
to reveal connections between job stress, physiologi­
cal indicators of strain, and coping in project manage­
ment. Further analyses will be made to study the con­
nections between the individual patterns of these fac­
tors. Such a preliminary analysis has already been used
as the basis for supportive interventions by the con­
sulting psychologist involved in the research team.
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