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Psychophysiological Investigations of Mental and Emotional Strain

in Human Computer Interaction: Laboratory and Feld Studies

Boucsein! Wolfram

Department of Psychology

University of Toronto, Canada

ABSTRACT

Inadequate temporal structures of human computer interaction such as system response times

have been regarded as important stressors since the introduction of time sharing systems.

Though computers have become incredibly faster now, problems of adequately structuring

time sequences in computer aided occupations persist, for example where true parallel

processing is available to circumvent temporal delay in work flow resulting from time

consuming calculation procedures.

A series of studies performed in our laboratory with simulated computer workplaces have

consistently distinguished two types of stress by means of psychophysiological recording.

Mental stress resulting from work density and from being rushed has its main impact on the

cazdiovascular system, while emotional stress resulting from time pressure together with

inadequate temporal structures in human computer interaction mainly increases spontaneous

electrodermal activity.

Currently, both laboratory and field studies aze performed to validate this psychophysiologi-

cal approach as a method to differentially investigate stress in new occupations. The goal is

not only to objectively quantify early indications of stress but also make predictions of its

long term consequences for occupational health such as the development of work related

psychosomatic disorders.
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1. INTRODUCTION

As a consequence of the ongoing computerization of workplaces, stress resulting from

mental challenges in new occupations came into the focus of attention in stress-strain

research. Until recently, mental stress during computer work has been investigated mainly

with respect to its impact on performance and subjective well-being. However, this approach

has serious limits since subjective stress recordings have the disadvantage of being suscepti-

ble to faking and require an interruption of work flow. On the other hand, performance

measures that are both objective and continuously available can only be regazded as indirect

measures of strain. Physiological recordings have the advantage of being objective measures

of strain that can be taken continuously during work. Unfortunately, the investigation of

stress-related physiological changes have been the domain of work medicine so faz and were

not yet integrated in theory and practice of psychological stress research at vazious workpla-

ces in the field.

Meanwhile, psychophysiological theory and methodology that combine physiological

methods with psychological and behavioral approaches have become a standard in laboratory

stress reseazch. Applying this kind of a three level approach to the investigation of stress-str-

ain processes at computer workplaces will integrate the goals and methods of three otherwise

separated scientific disciplines, i.e., work medicine, industrial psychology, and engineering

(Boucsein, 1991). From a deliberate multidisciplinary analysis of stress at computer

workplaces, rules for organization of work settings can be developed that will help to reduce

physiological and subjective strain, and to avoid stress related performance decrements. As a

consequence, psychophysiological stress research can be a useful tool for the identification

and prevention of stress related disorders in new occupations.

Laboratory studies have to performed in this area of reseazch since field studies limit the
number of dependent vaziables to be recorded. Furthermore, changes of working conditions

cannot be made as controlled as in the laboratory, thus also limiting an isolated vaziation of
independent variables. Therefore, psychophysiological methods should be tested in simulated

workplaces first, before being applied in the field. By such a combined laboratory-field
approach hypotheses from field observations can be tested under highly controlled laboratory

conditions, and subsequent studies at real workplaces may be performed only with psychop-

2



hysiological variables that have been shown to be relevant measures of strain at simulated

workplaces, so-called marker variables. Section 2 will outline how different classes of

physiological variables can be used to differentiate between the most important classes of

strain at workplaces.

Unfortunately, psychophysiological research both in laboratory and field is often performed

without sufficient theoretical background. Psychophysiologists have always been preoccupied

with the development of refined techniques for recording and data evaluation and their

results were frequently interpreted in rather simple theoretical frameworks like one-dimensi-

onal arousal concepts. Therefore, a neurophysiological-based model with respect to the

specific validity of physiological variables for stress-strain research at the workplace will be

provided in Section 3.

Section 4 will provide results on from the use of a laboratory psychophysiological approach

to differentiate between mental and emotional strain in human computer interaction, and

Section 5 will outline an ambulatory monitoring field study in highly demanding computer

work which is typical for new occupations.

2. PSYCHOPHYSIOLOGICAL RECORDING IN LABORATORY AND FIELD STUDIES

Various bioelectrical and biochemical parameters have been used in laboratory studies.

However, not all of these are easy to obtain at computer workplaces. Their use is limited by

recording artifacts caused by body movements or electromagnetic fields, and the restricted

number of recording channels in equipment for field studies at real workplaces (Boucsein,

1989).

Since variations of working conditions in the field cannot be realized as controlled as in the

laboratory, psychophysiological methods should be tested in simulated computer workplaces

before being applied in the field. By such a combined laboratory-field approach, hypotheses

from field observations can be tested under highly controlled laboratory conditions, and

subsequent studies at real computer workplaces may be performed only with psychophysiolo-

gical variables that have been shown to be relevant measures of strain at simulated computer

workplaces. Hypotheses on which physiological variable to use as a marker variable for the
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specific kind of stress under investigation (e.g., mental stress in computer workplaces) can

be gathered from the literature. Most researchers only distinguish between physical strain

(resulting from muscular work) and mental strain (resulting from cognitive demands of the

task). Following a proposal made by Klimmer and Rutenfranz (1983) mental strain should

be further divided into mental and emotional strain (i.e., affective factors). Table 1 provides

hypotheses concerning the specific validity of physiological measures, that have been derived

from the literature (Boucsein, 1991).

- Table 1 -

(1) Parameters of the central nervous system. Spontaneous changes in the electroencephalo-

gram (EEG) such as an increasing dominance of the fast, low-amplitude beta waves are

observed during mental load. They may also be used to indicate different states of wakeful-

ness or attention. As a more refined measure of stimulus directed central processing

capacity, vigilance, or response preparation, event related potentials (ERPs) and stimulus

contingent negative variation (CNV) can be taken from the EEG by averaging procedures.

However, these procedures require a highly controlled work situation with access to

reactions following single stimuli. Furthermore, due to their artifact-proneness, EEG

variables have not been much used in field studies.

(2) Cardiovascular parameters. One of the most frequently applied parameter in industrial

psychology is heart rate (HR), since it figured out to be a robust measure in field studies. It

is used as an indicator of physical as well as mental load, but it lacks specific validity. More

refined analyses of cardiac activity may use variability measures (HRV) or the power of the

.10 Hz component as indicators of inental strain. "Additional HR" can be calculated as the

difference of the actual HR to a standard situation such as ergometer performance, and

indicates cardiac activity that is not due to metabolic demands of the organism. The

recording of respiration without wearing a mask (which may interfere with performance) is

enabled by using a thermistor in the nostrils or a strain gauge around the chest. However,

these devices do not provide more than mere respiration frequency, which is mainly used to

determine the respiratory sinus arrhythmia (a HRV measure), and to control respiratory

artifacts in various psychophysiological parameters. Finger pulse volume (FPV) is a very

sensitive measure of defensiveness, and therefore mainly indicates emotional strain. Blood

pressure (especially systolic BP) is frequently recorded as an indicator of physical strain.
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(3) Biosignals of the skin. Among these biosignals, electrodermal activity (EDA) can be

regarded as the most convenient measure for stress-strain research. Compared to skin

humidity and skin temperature, electrodermal activity is easier to record and can be

quantified in a more reliable manner. In the present author's laboratory, spontaneous phasic

EDA figured out to be a valid indicator of emotional strain that appears during computer

work. Amplitude and recovery of electrodermal responses are valid indicators of certain

aspects of information processing, and may therefore be used in a similaz manner as ERPs

as indicators of inental strain.

(4) Parameters of the musculaz system. Eyeblink frequency mainly reflects emotional strain

but increases also with other kinds of strain. Recording of pupillary dilatation that may be a

more sensitive measure of emotional strain requires highly controlled illumination and body

movement. Therefore, it is of restricted use in field studies. The electromyogram (EMG) can

be used to evaluate the strain of certain muscle groups caused by physical work as well as to

evaluate mental or even emotional strain. Especially, EMG may be used in computerized

work to quantify specific kinds of strain such as neck muscle tension. Eye movements and

muscle tremor are mainly used as specific indicators in this group of variables.

(5) Body temperature. Core temperature is frequently used in addition to HR, especially in

field studies on night- and shiftwork, since it displays mazked circadian variations, and can

be recorded easily. Work in accordance with the circadian rhythm is of higher quality so

that shift schedules should allow a fast adaptation of the circadian rhythm to the working

hours. However, temperature is not suitable for short-term changes. Finger temperature may

be used as a slow-changing indicator of emotional strain.

(6) Endocrine Pazameters. Since blood samples are hardly to obtain during work, an analysis

of urine fractions is preferred. However, these cannot indicate effects of short-term stress.

Adrenaline (AD) indicates long-lasting mental strain, while noradrenaline (NA) acts as an

indicator of physical strain. In addition, corticoids and free fatty acids can be used as

indicators of emotional strain at computer workplaces. Cortisol can be recorded with

sufficient reliability from saliva probes now.

Physiological variables may be chosen according to their specific validity as outlined in

Table I. Refined analyses of inental and emotional strain at the computer workplace do not

only require tonic measures like heart rate and core temperature, but also phasic parameters

obtained from evoked responses, or measures that are derived from phasic changes like
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variability and frequency of these responses. This is necessary to cover both, the effects of

long-term and short-term stress.

In addition to the physiological measures outlined in Table 1 subjective and behavioral

measures are included in the psychophysiological approach as well. Subjective activation,

well-being, ratings of bodily symptoms, and other stress related variables may be obtained

discontinuously during working pauses, using rating scales of the LIKERT type. As

behavioral stress indicators, various performance measures (e.g., speed, accuracy, and

amount of work) can be continuously obtained from the task itself. In addition, behavior

may be videotaped, including mimic and gross body movements. However, their deliberate

analysis is time consuming and is therefore not often performed in stress research.

3. A MULTIPLE AROUSAL MODEL AS THEORETICAL BACKGROUND

As mentioned in the introduction, research in psychophysiology is often performed without

suff'icient theoretical background. Results are frequently interpreted in rather simple

theoretical frameworks like one-dimensional arousal concepts. The common theoretical

concept of arousal refers to shifts in activation whatsoever (i.e., any stressor leads to

changes into the same direction in all physiological systems). Beyond simple one-dimensio-

nal arousal concepts that still persist in various fields of work and industry research, the last

two decades brought more refined multidimensional arousal concepts, which can be connec-

ted to brain transmitter systems (cf., Boucsein, 1992, Fig. 48). The advantage of these

multidimensional concepts is that they better fit to reality (e.g., to explain why an increase

in mental load can be associated with a decrease in HR but with an increase in EDA).

Figure 1 depicts a comprehensive neurophysiologically-based brain model has been provided

by Boucsein (1991) to explain the different physiological concomitants of strain at workpla-

ces.

- Figure 1 -

The left-hand side of Figure 1 shows the neurophysiological relationships between arousal
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and information processing on the one hand and their dependence on emotional and

motivational influences on the other hand, as stated by Boucsein (1992). T'he right-hand side
of Figure 1 outlines the system's action on specific psychophysiological parameters. It refers

to three arousal systems:

(1) Arousal system (1) is responsible for a general activation and effort, and is primarily

influenced by the reticular formation. This system causes a general cortical and subcortical

arousal. Marker variables for this system aze EEG desynchronization and nonspecific
autonomic changes as tonic measures, and evoked brain potentials as phasic measures. 1fie

system exerts influences on vigilance, alertness, and general activation.

(2) According to Pribram and McGuinness (1975), arousal system (2) is labelled affect

arousal system. This system is controlled by the amygdala, and its activation leads to
focusing of attention and to involuntary hypothalamic reaction patterns such as orienting

responses. Marker variables for this system are tonic EDA, recovery of phasic EDA,

spontaneous electrodermal frequency, and phasic cardiovascular changes. It exerts inhibitory

control on behavior.

Arousal (1) and azousal (2) are coordinated by the hippocampus, which is known to play an

important role in information processing. Pribram and McGuinness call the hippocampus an

effort system, which has the property to decouple input from output, and Gray (1982)

regards the hippocampus as the central part of his behavioral inhibition system. During

parallel actions of brain noradrenaline and serotonin, the precise information processing in

system (1) is facilitated, while system (2) is inhibited, as shown by the inhibitory pathway

for habituation.

(3) Pribram and McGuinness proposed an arousal system (3) labelled preparatory activation

system, which is controlled by the basal ganglia. Activation of this system leads to increased

readiness to react in interaction with motoric brain azeas. Marker variables are tonic

cardiovascular increase as well as preparatory EDA and CNV as phasic measures. It exerts

control on behavioral activation.

In summary arousal system 1 can be referred to as general arousal, system 2 as emotional

arousal, and system 3 as preparatory or goal-directed arousal. With respect to brain
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transmitter systems, arousal systems (1) and (2) are primarily supported by noradrenergic

pathways, while arousal system (3) is supported by dopaminergic pathways. The serotoner-

gic pathways on the one hand lead to an inhibition of the general activation (e.g. elicitation

of sleep) and on the other hand stimulate the effort component of arousal system (1).

The model developed here provides a framework for generating refined hypotheses on the

action of different arousal processes on psychophysiological vaziables. Results from our

laboratory aze encouraging with respect to its validity for computer workplaces. They will

be reported in the next section.

4. A LABORATORY APPROACH FOR THE DIFFERENTIATION BETWEEN MENTAL

AND EMOTIONAL STRAIN DURING COMPUTER WORK

From earlier investigations on workers at assembly lines, inadequate temporal structures of

work such as involuntary delays in the work flow have long been known as potent stressors.

When time-sharing computer systems came into use during the late sixties, involuntary

delays caused by System Response Times (SRTs) were consistently found to be associated

with reports of annoyance and low user satisfaction. With the introduction of computers in

all kinds of workplaces, the problem of SRTs became very important. However, because

computers have become incredibly faster since then, public interest in SRTs declined.

Nevertheless, the stress-inducing properties of inadequate temporal structures of human-com-

puter interaction still persist, since hazdware speed is commonly compensated by the features

of large software packages, e.g., WINDOWS. Most recently, the SRT problem appeared

during the performance of parallel distributed tasks using multi-tasking systems. Here,

performance as well as user satisfaction is dependent on the SRT of the specific pazallel

tasks, which aze still the main determinants of the temporal structure in human-computer

interaction.

The stress inducing properties of SRTs have been investigated by our group since the mid

eighties. At this time we were still impressed by cognitive stress theories like the Lazarus

approach. Since the user is normally not informed about the computer's internal work flow,
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it was hypothesized that annoyance and low user satisfaction might result from the user's

temporal uncertainty about the SRT. However, our results led us into a different direction.

Temporal uncertainty about a SRT can be operationalized by its duration and variability.

Therefore, in two early studies, both aspects were varied as independent factors. Simple
visual detection tasks were presented at the computer screen and separated by SRTs of 2 and

8 s duration as one experimental factor, and variability of either no or 20 to 80 ~a deviation

from the mean SRT as another factor, both being realized as between- Ss-factors.

Errors and keystroke number as well as keystroke times were taken as performance

measures. Blood pressure, heart rate, and the number of non-specific skin conductance

responses were used as physiological measures. In addition, ratings of mood and physical

state were taken as subjective measures.

In the first study, error rate and blood pressure were higher with 2 s SRTs than with 8 s

SRTs. On the other hand, skin conductance responses and the reported emotional irritation

were higher with 8 s as compared to 2 s SRTs (Figure 2).

- Figure 2 -

The same results for error rate, blood pressure, and spontaneous skin conductance changes

were observed in the second study (Figure 3).

- Figure 3 -

Additionally, more irrelevant keystrokes as well as more pain symptoms occurred under 2 s

SRTs than under 8 s SRTs. Taken both studies together, the effects of SRT variability

appeared not to be systematically.

Two major results can be inferred from these two studies:

(1) First, long SRTs of 8 s could not be simply regarded as a break or a resting period

during work, because subjective emotional irritation as well as electrodermal activity (as the
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physiological indicator of emotional irritation) was particularly increased under these

conditions. Therefore, the long SRT must have acted as an emotional stressor.

(2) On the other hand, short SRTs of 2 s could also not be regarded as an optimal basis for

a successful performance of the task studied here, because blood pressure, pain symptoms,

error rate, and the number of irrelevant keystrokes were higher under such conditions. For

the kind of task used in our experiments, the number of keystrokes could only be increased

if errors were noticed and corrected before the task was completed. Therefore, it can be

inferred from both performance measures that information processing must have been

deteriorated when SRT was short, causing the detection of the targets to be more difficult,

compared to long SRTs. To compensate for this deterioration, the Ss increased their effort

as indicated by high blood pressure and increased number of reported pain symptoms. Thus,

our interpretation switched from temporal uncertainty acting as a stressor to performance

related physiological activation. Such have been observed as concomitants of information

processing in vazious experimental investigations.

Before being able to perform further research on the stress related effects of SRTs, two

questions had to be answered:

(1) With short SRTs, more tasks have to be performed within the same time, compared to

long SRTs. As a consequence, the observed physiological effects might probably have been

caused by higher motor activity or by mental fatigue. However, we could definitely rule out

that possibility. First, in one of the studies reported above, all Ss performed the same

number of tasks, while they worked for the same time on different numbers of tasks in the

other. Nevertheless, the effects observed were identical. Second, we performed another

study where motor activity was varied and mental fatigue was measured to exclude any

influence of these factors on the results reported here. In this particulaz experiment,

rhythmic keystrokes were required at different speed levels as the primazy task, and mental

azithmetic at different levels of difficulty was used as a secondary task. With less then 2 or 3

keystrokes per second, all physiological effects had to be attributed to the variations in the

mental task.

(2) In both SRT studies reported, no systematic effects of SRT variability could be found. In
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fact, SRT variability can only be regarded as a stressor if Ss are able to perceive the SRTs

as being variable. In another study on that subject we could demonstrate that the error of

estimated SRT duration increased with real SRT duration as a power function. In this

experiment, some of the tasks were followed by SRTs of "infinite" duration. The Ss had to

terminate this SRTs by pressing a key, if they recognized them to be longer then usually. As

a consequence, we had to infer that our subjects could not differentiate long, constant SRTs

from vaziable SRTs at all. Therefore, SRT vaziability was no longer included as a factor in

our later studies.

In summary, cardiovasculaz and electrodermal parameters can be regarded as valid indica-

tors for the differentiation between mental and emotional strain in new occupations. In his

contribution, my co-worker Olaf Kohlisch will report further laboratory studies performed

by our group on this topic.

5. THE IMPACT OF DIFFERENT BREAK SCHEDULES AND INVOLUNTARY

INTERRUPTIONS OF WORKFLOW ON THE RECOVERY FROM HIGHLY DEMAN-

DING COMPUTER WORK: A FIELD STUDY

Laboratory studies performed by our group showed that if SRTs or breaks occurred within a

single work segment, thus interrupting the progress of the work, were followed by an

increase of stress symptoms. If the breaks occurred after the work segment was completed, a

decline of stress symptoms like physiological azousal, negative emotions, and pain symptoms

could be observed. Furthermore, the length of the break determines whether the waiting

time will have effects on recovery processes or has to be regarded as a stressor. Complete

restitution within breaks should be of considerable importance during work with high mental

load as performing demanding computer search and classification tasks.

A comparison of break schedules for mental work by other researehers demonstrated that

both, short break schedules (e.g. 25 min. work~5 min. break) and long break schedules (e.g.

100 min. workl20 min break) led to increased performance quality and decreased subjective

and physiological stress symptoms after the breaks. However, during the course of the day,

fatigue, indicated by physiological and performance parameters, increased under the short

break schedule, thus indicating a loss of resources. Up to now it has not been shown that
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these different break effects are associated with different physiological recovery processes. If

unfavorable break schedules for mental work will lead to increased blood pressure, muscle

tension, pain symptoms and negative emotional states, the probability of the development of

stress-related disorders, such as hypertension, headache and gastric ulcers may be increased

in addition to the decreased performance quality.

In order to investigate these factors, recovery processes under different break conditions are

compared in a field study. In this study, we try to determine the optimal break schedule for

the prevention of health related disorders in a typical new occupation job. We chose a

prototyping group using the new BACON system in the European Patent Office. The main

aim of the design is to compare short break schedules with long break schedules. In

addition, voluntary breaks will be compared with involuntary waiting times such as system

breakdowns, consultation by a colleague, etc. Computer work with the prototype system

may also be compared with the traditional recherche system in the Patent Office to estimate

changes in mental load caused by the new technology. To date, data have been gathered

from 14 volunteers from the prototyping BACON Group. Each participant performed hislher

work under a short break schedule on one day and under a long break schedule on another

day. Physiological recordings that indicate heart rate, EDA, EMG (neck lead), respiration

and pulse wave transit time, and gross body movements were taken continuously during the

whole workday with a VITAPORT ambulatory monitoring device which does not interfere

with the work itself. For the acquisition of subjective variables, short questionnaires will be

given to the participants every two hours. Performance parameters could be taken from the

"action protocol" of the BACON computer program. The procedures will altogether require

approximately 45 min. of the daily working time of a participant. This time will be needed

for the application of the electrodes and the completion of the questionnaires.

Prior to the beginning of the data acquisition a task analysis was performed using the AET

in order to be able to attribute the psychophysiological reactions observed to specific demand
characteristics of the task. All subjects performed their usual work activities and were
observed for two whole work days. The subjects had to work under a break schedule with
50 minutes workl7.5 minutes break on one day, while a schedule with 100 minutes workll5

minutes break was employed on the other day. On both days the total break time was 75

minutes. The subjects were instructed to indicate the beginning and the end of each break as
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well as of each involuntary interruption of workflow (system breakdown, consultation by a

colleague, telephone call) with the marker of the portable recording device they were

wearing.

Subjective variables were acquired 8 times on each day. The subjective variables included:

A 20 items adjective checklist for ratings of emotional well being; a 20 items checklist for

ratings of bodily symptoms; an 8 items questionnaire for the evaluation of task difficulty,

invested effort and external disturbances during the last work segment. In addition,

demographic data and data about break preferences were acquired at the beginning of the

first experimental session of each subject.

No performance variables have been acquired mainly for two reasons: T'he keyboard action

does not significantly correlate with task difficulty or with performance quality; and the only

indicator for performance quality is the final report about the patent in question, and this

report is correct in 99.99~ of all cases. Therefore we decided to acquire self ratings of

perceived task difficulty and invested effoR.

The study was designed to address four questions:

1) Which break schedule is more effective in preventing the occurrence of fatigue symp-

toms? The following hypothesis will be tested: The 100:15 break schedule is more effective

in preventing fatigue symptoms than the 50:7.5 schedule.

2) What is the time course of the psychophysiological recovery processes during the breaks?

It was hypothesized that 7.5 minutes of break are not sufficient for a complete recovery.

This should lead to an interruption of the recovery processes after 7.5 minutes (i.e. the

physiological parameters still indicate a"return to baseline" as can be shown by trend

analyses and the calculation of eta-coefficients), and to a higher level of activation when the

subjects resume work after 7.5 minutes of break as compared to resumption of work after 15

minutes of break. In addition, the subjective variables should indicate higher levels of

perceived stress symptoms and fatigue after a 7.5 minutes break than after a 15 minutes

break.
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3) What is the impact of intraindividual differences in break preference on reactions to work

under different break schedules? In order to be able to address this question, the subjects are

divided into two groups according to their preference of either several short or fewer but

longer breaks (post hoc factor). It was hypothesized that the reactions concerning questions

1) and 2) aze influenced by this factor in a way that subjects who prefer short breaks show

less indicators of strain under the 50:7.5 schedule than subjects who prefer long breaks.

4) Are there differences in psychophysiological reactions to involuntary interruptions of

workflow as compared to reactions to the breaks of the employed break schedules? For an

investigation of this question, reactions during system breakdowns, consultations and

telephone calls were compared to reactions during the breaks of the employed break

schedule. The following hypotheses are tested: 4.1) Involuntary interruptions of workflow

cause an increase in activation or cause an inhibition of recovery processes (i.e. a slower

recovery process than during normal breaks). 4.2) System breakdowns cause an increase in

negative emotional well being, but not consultations and telephone calls (because of social

aspects and the presence of some control over the end of consultations and telephone calls).

From our results, guidelines for an optimal break schedule for the participants will be

obtained. In addition, factors that may reduce the stress-inducing properties of involuntary

breaks can be identified and used as coping strategies during work. Finally, the physiologi-

cal recordings are expected to show what specific health relevant systems aze to be taken

caze of during mental strain while performing highly demanding computer tasks in new

occupations.
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I

- .}

~ 1

Sponcaneous EDA I ~
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Electrodermai response recovery time ~

i

t I
ezpectacion, response preparacion ~
resource allocation

i

Eyeblinlc freqnency - l a-- tiredness I
Eye movements level of practice
Pupillarq dilatation - ~ I
Electromyogram (E~íG) ~ ~ ~ - muscnlar tension
Tremor j 1- ciredaess I

~
~ "-Core temperature
'

I ~ '
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-inger temperature ,
~

I
I ~

I Adreaaline rAD)
~

~- it et~ort
~ ~loradreaaiiae (~'?.) ~

i
- ;nusrslar strain

Cortisol
~ ~

~
Free iatty aáds ~
Soáinnt~pocassium ratio I I

i
- I ~
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