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SIMULTANEOUS MULTIPLE STRESSORS IN THE ENVIRONMENT:
PHYSIOLOGICAL STRESS REACTIONS, PERFORMANCE,
AND STRESS EVALUATION'
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Summary.—Interactive effects of two environmental stressors when simultaneous-
ly present, i.e., noise and crowding, were analyzed. Four experimental conditions with
two intensities of stress for each stressor (high versus low) were created. The stressors
were concurrently introduced in laboratory conditions and their effects analyzed using
several methodological approaches. More intense and negative effects were expected
when the two highest intensities of noise and crowding concurred. 40 people (20 men
and 20 women) participated in a study with a 2 x 2 factorial design. Analysis showed
an increase in the measures of hemodynamic, endocrine, and neuroendocrine values
of participants after being exposed simultaneously to noise and crowding. Similarly,
their performance on complex tasks decreased, and they reported a subjective in-
crease in stress. Capacity to cope was indicated by a statistically significant lower
mean on the Dimension of Stress scale, tolerance of frustration during the multiple
stress condition.

The classic review of Evans and Cohen (1987) on environmental stress
highlighted the importance of analyzing not only the additive effects of mul-
tiple intensities of stressors, but their multiplicative effects as well. However,
since then there has been little research on how different environmental
stressors interact. According to Lepore and Evans (1996), this is because
most studies have approached this issue as stressful life events, for which
only additive effects are analyzed. However, people cope with multiple envi-
ronmental stressors which interact with each other, creating effects which
differ from the simple addition of their individual effects. As Lepore and
Evans (1996) pointed out, “social, psychological, and biological effects of
coping with one stressor may influence a person’s ability to cope with con-
current or subsequent stressors” (p. 355). These authors also differentiated
between the additive and the multiplicative effects of multiple stressors, sug-
gesting five combinations of environmental stressor effects.

Consider the simple case of two stressors, A and B, which gives two
main effects (A and B), an additive effect (A+B), and two multiplicative ef-
fects (A x B) which can be attenuated or potentiated. Bearing in mind these
considerations, study is needed of the interactive effect of multiple stressors
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on behavior and health to avoid bias of estimations based only on simple or
aggregate effects of stressors.

Thus, Maxwell (1996) has shown that chronic exposure to a crowded
environment in the home and in child care centers has negative effects on
children. The combination of these two densely crowded environments in-
creases behavioral disturbance more than exposure to a single crowded set-
ting. Therefore, it appears there is little adaptation to crowding. Maxwell
(1996) stated that such results are “consistent with the Cohen, Evans, Sto-
kols, and Krantz (1986) contextual perspective on stress, suggesting that be-
havioral response to a stressor in one setting can be moderated by stressful
conditions in another setting” (p. 506).

Similarly, Evans, Allen, Tafalla, and O’Meara (1996) reported greater
negative effects and posteffects in both stressors when they used noise and a
social stressor as sequential sources of environmental stress. In both studies
authors noted the adaptive cost of stress (Cohen, e al., 1986): coping with
the continual demands of multiple environmental stressors is associated with
tiredness and decreases personal and social resources. This translates into
less capacity to cope with further environmental stress and greater negative
consequences to health.

Also consider that (1) ecological covariation between natural multiple
stressors is the norm; (2) people are continuously exposed to multiple envi-
ronmental stressors; and (3) isolation of specific stressors can understimate
their effects within their ecological context (Evans, ez al., 1996). Then it is
clear the study of stress in context should take into account the effect the
demands of environmental covariations make on people and their coping
capacity.

This study follows the theoretical and methodological approach of
Evans, e al. by examining the interactive effects of two simultaneous envi-
ronmental stressors, noise and crowding. We created four experimental con-
ditions with two intensities of stressor (high vs low) presented concurrently
in a laboratory to provide multimethodological evaluation of their effects. Ef-
fects were predicted to have greater intensity-and be more negative if high
noise and high crowding were simultaneous.

METHOD

Participants

The participants were 40 university students in their first year of psy-
chology, 20 men and 20 women ages 18 to 25 years. Participation was re-
warded with credit points for their introductory psychology course.

Procedure

Four random groups with a 2 x 2 factorial design were created (#s of 5
men and 5 women). Crowding was defined as social density in the experi-
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mental room: high density (8 people) and low density (2 people). Noise was
operationalized by using a continuous recording at 95 dBA with a wide
spectrum of frequencies, that included different types of environmental noise
recorded in Madrid (Carles & Lépez Barrios, 1995).

Before starting the experiment, the participants were told that a blood
specimen would be taken and analyzed by qualified personnel from the Uni-
versity Hospital of Malaga (Hospital Clinico de Malaga) to establish hor-
mone level. Once the heart-rate baseline was established, the experiment be-
gan. Foregoing breakfast, participants worked from 8 a.m. to 11 a.m.

In the waiting room participants were told about the duration of the
test and given brief information regarding general procedures. In the labora-
tory, heart-rate baseline was measured; then attention tests were given over
30 min. During this time, the heart rate was monitored. Once the task was
concluded the clinical staff took a blood sample from each. In another room
they completed a 15-min. coping-with-frustration test and completed a ques-
tionnaire to assess subjective appraisal of stress. To conclude they were of-
fered a sweet and a glass of juice.

Dependent Measures

Before measuring baseline heart rate, participants rested for 20 min. In
the experimental stage, the heart rate was monitored using a Polar Sport
Tester 400 during the execution of the task.

Levels in the plasma of neuroendocrine, adrenaline, and noradrenaline
were measured. High Performance Liquid Chromatographic assay was used.
In a normal healthy person the index has an interval of 30-100 pg/ml for
adrenaline and 60400 pg/ml for noradrenaline.

Three endocrine hormones were analyzed: adrenocorticotrophic hor-
mone (ACTH), cortisol, and beta-endorphin. The Immulite 2000 Analyzer
was used for the quantitative measurement of cortisol and ACTH in EDTA
plasma. The values of cortisol in a normal healthy person are usually be-
tween 5 and 25 ml/gm. The quantitative determination of human beta-endor-
phin levels in EDTA plasma was carried out by a two-site immunoradiomet-
ric assay. The normal values are below 29.

Cognitive performance was assessed via a concurrent dual-task paradigm
combining a focused attention task with another task involving simultaneous
focused attention and category search (Smith, 1990, 1992).

In this task a group of five letters were presented on the center of the
screen of the computer. The target letters, A and B, appeared with other let-
ters or several distractor symbols: $, &, #. In addition, these letters were pre-
sented on a background of changing colors. The participant had to respond
by typing the letter B when the letter B appeared fourth in the group of let-
ters and typing A when the letter A appeared second. At the same time
numbers from 1 to 9, chosen at random, were shown on the screen. The
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participant had to press the space bar when an odd number appeared. The
duration of the test was 30 min. Reaction times were recorded in millisec-
onds.

After-effect measurements were taken after exposure to the stressor us-
ing a conceptual replica of Glass and Singer’s unsolvable puzzles (1972). Par-
ticipants were given two types of puzzles, very difficult manipulation tasks
and unsolvable written ones to be done in 10 min., but participants were
told they could give up at any time and start a new one during the 10 min.
they had been assigned, or they could just give up before time was finished.
Once a puzzle was abandoned, the participants could not go back to it. Af-
ter-effects were evaluated based on the total number of attempts participants
made with both types of puzzle. More attempts were interpreted as less
tiredness after exposure to stressors (Glass & Singer, 1972).

To assess subjective stress, an adaptation of the Dimension of Stress
Scale (Vitaliano, Russo, Weber, & Celum, 1993) of 20 items about the con-
ditions of the task, unfamiliarity, control of the situation and the task was
given.

Resurts

The analytic strategy is similar to the one proposed by Evans, ez al.
(1996). Comparisons were made between the mean of the Crowding-Noise
condition (multiple stress) and the means of the other conditions. When this
comparison was significant, means of the other three experimental condi-
tions (Crowding-No Noise; No Crowding-Noise; No Crowding-No Noise)
were compared. If the differences were significant in the first comparison
but not in the second one, this meant that our hypothesis was supported.
Such a procedure is useful when there is an @ priori hypothesis and when
the interaction tests have reduced statistical power (Kirk, 1982; Cohen,
1988). Contrary to Evans, ef al.’s analyses, comparisons were carried out with
nonparametric tests, since the sample was small and not all parametric as-
sumptions could be ensured. The first comparison was made using a Mann-
Whitney U test and the second with the Kruskal-Wallis H test, which uses a
y’ index.

Table 1 shows the means and standard deviations for the nine depen-
dent variables. According to the hypothesis, there should be a higher concen-
tration of neuroendocrine and endocrine hormones in the multiple stress
condition than in the other three conditions; heart rate and reaction time
should also be greater in the first condition than in others. There should be
fewer attempts to solve the puzzles in the multiple stressor condition, and
participants should report higher mean subjective stress.

This procedure for neuroendocrine measurements showed the difference
between the mean of adrenaline in the multiple stressor condition (M =60,
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TABLE 1
Noise X CROWDING: MEANS AND STANDARD DEVIATIONS OF MEASURES
Measure Noise
High Crowding Low Crowding
High Low High Low
Adrenaline M 59.99 61.82 50.26 64.53
SD 17.24 16.85 19.83 22.22
Noradrenaline M 227.63 156.79 129.04 154.68
SD 63.57 63.48 40.06 75.88
Cortisol M 18.60 16.64 16.75 16.00
SD 3.04 4.14 4.23 5.38
Adrenocorticotrophic hormone ~ M 15.25 11.75 13.40 10.06
SD 7.65 4.44 8.60 2.37
Beta-endorphin M 26.21 22.46 21.37 19.10
SD 9.06 7.06 6.83 6.63
Heart rate M 8.87 4.03 7.70 2.33
SD 10.48 14.92 7.65 6.71
Reaction time M 2080.10 1611.47 1454.11 1542.90
SD 1813.40 647.75 238.55 312.84
Unsolvable puzzles M 15.80 23.10 16.30 21.70
SD 10.16 11.96 12.73 11.33
Subjective stress M 107.79 10338 9252 96.31
SD 14.63 17.56 12.05 16.59

SD=17.2) and the other conditions (M=58.9, SD=20.1) was not statistically
significant (U=136, p=.33), although the direction of the difference was con-
sistent with the hypothesis. Differences were found for noradrenaline (U=
50, p=.001). A higher concentration of noradrenaline was found in the mul-
tiple stressor condition (M=227.6, SD=63.6), while the mean for the other
three conditions was significantly lower (M=146.8, SD=60.8) as hypothe-
sised. The Kruskal-Wallis test showed no significant differences among the
three experimental conditions without multiple stressors [y,"(N=30)=.96,
p=.611.

The following results refer to endocrine measures: cortisol, adrenocorti-
cotrophic hormone, and beta-endorphin. The difference between with and
without multiple stressors for mean cortisol is small (M=18.60, SD=3; and
M=16.46, SD=4.5, respectively; U=106, p=.08). Nevertheless, the direction
is always consistent: the maximum level of this hormone is produced in the
multiple stressor condition. The differences among the three experimental
conditions without multiple stressors are not statistically significant [, *(N=
30)=.42, p=.80]. The differences between the other two hormones were
larger. For adrenocorticotrophic hormone, the mean differences with and
without multiple stressors (M=15.25, SD=7.6; M=11.73, $D=5.7, respec-
tively) were significant (U=102, p=.05), but not for the three conditions
with no multiple stressors [y, (N=30)=.93, p=.62]. For beta-endorphin the
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results were similar (U=99, p=.06), with a mean for the multiple stressor
condition (M=26.2, SD=9.1) which is higher than the mean of the other
conditions without multiple stressors (M =21.0, SD=6.8). No significant dif-
ferences were found among the other three conditions, as indicated by the
Kruskal-Wallis test [y,”(N=30)=1.64, p=.44].

The means for heart rates shown in the table are differential scores ob-
tained after subtracting the baseline heart rate from the value obtained dur-
ing the experiment (Llabre, Spitzer, Saab, Ironson, & Schneiderman, 1991;
Karmack, Jennings, Debski, Glickman-Weiss, Johnson, Eddy, & Manuck,
1993). The same pattern occurs and further supports our hypothesis that the
heart rates of people exposed to simultaneous environmental stressors are
higher (M =8.9, SD=10.5) than for those exposed to any of the other three
conditions [M=4.7, SD=1031; U=98, p=.05; x.2(N=30)=2.09, p=.35].

With respect to performance of the concurrent dual task, reaction times
during this complex task were greater in the multiple stress condition (M=
2080.1, SD=1813.4) than for the other three conditions (M=1535.9, SD=
430.77), although the mean difference was not significant (U=113, p=.13).
The differences were also not significant among the three conditions with no
multiple stressors [x,”(N=30)=.94, p=.62]. Although weaker, the direction
of results is consistent with our hypothesis.

After-effects were analyzed using the unsolvable puzzles. Once again,
participants made fewer attempts to solve the task after experiencing the
multiple stress condition (M =15.8, SD=10.2) than after experiencing any of
the other three conditions (M =20.3, SD=12), although this comparison was
not statistically significant [U=110, p=.11; 3, (N=30)=3.18, p=.201.

Table 4 also shows the means and standard deviations for participants’
subjective evaluation of environmental stress. As expected, those exposed si-
multaneously to high noise and crowding reported more stress (M=107.8,
SD=14.6) than those exposed to the other three conditions [M =974,
SD=15.7, U=95, p=.04; 1, (N=30)=2.83, p=.24].

Discussion

Results for these hormones suggest that the sympathetic and adrenal sys-
tems are triggered in the presence of two simultaneous stressors of noise and
crowding. The levels of noradrenaline suggest the active involvement of the
sympathetic nervous system which is in charge of activating the organism for
immediate action and in which this hormone is a neurotransmitter. This is
why it appears in the plasma faster. It seems that the activation of the adre-
nal endocrine system in situations of stress which are not life threatening is
slower so a longer exposure time to both stressors would have been required
to record significant means for adrenaline. The levels of beta-endorphin were
significant when the subjects were exposed to both stressors. Ising (1983) re-
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ported that urine catecholamines showed a pattern similar to noradrenergic
activation in his work of exposure to traffic noise.

The release by the body of opium-like substances, beta-endorphin for
example, depends on the perception of distress or pain as well as on the per-
son’s mood. This hormone depends on the severity of the stressor, its dura-
tion, and the actual stimulus as well as on the metabolic demand (Schwartz
& Kinderman, 1992). Analysis suggested intensity of both stressors rather
than their duration had the greatest effect on stimulating this hormone. An
increase in exposure might have yielded a larger discrepancy in those condi-
tions of intense stress.

Cortisol presented its highest values when both stressors were simulta-
neously present, and it is likely that, had the exposure been longer, compar-
isons for cortisol would have been statistically significant. One of the main
characteristics of this hormone is it begins to rise slowly and does not go
above basal levels until some time has passed. Thus, the effects of simulta-
neous environmental stressors suggest a particular physiological pattern, the
most important being an increase in endocrine activity and also a more mod-
erate increase in neuroendocrine activity. These data are supported by the in-
crease in heart rate,

We also observed that the difficulty of the dual task required longer re-
action times from participants, since it required the higher integration of sev-
eral sources of focused attention and categorical search (Easterbrook, 1959;
Smith, 1990).

Analysis of after-effects of adaptation showed no statistically significant
differences. However, the direction was consistent with the hypothesis. Sub-
jects reported less coping with frustration for the multiple stressor condition.
Crowding surpassed noise in psychological effects on accumulated tiredness.
The physiological rates follow a pattern of stimulation that matched the psy-
chological report of “worn-out” as indicated by the number of tries in each
experimental condition.

The last variable analyzed, the subjective assessment of environmental
stress, was higher when both stressors were present simultaneously. This,
once again, supports the hypothesis that the simultaneity of the two environ-
mental stressors exerts a potentiating effect. These results are consistent with
those obtained by Evans, ez al. (1996), which served as a reference for this
experiment. Two or more stressors presented in sequence or simultaneously
index greater effects for subjects than those expected from their simple ad-
dition.

Rather than analysing independent effects of each stressor, focus should
be on interactions between stressors to check how they really work in every-
day life, given that people have to cope on a daily basis with noise, pol-
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lution, crowding, heat, and many other environmental stressors typical of ur-
ban surroundings.
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