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1 Introduction

It is generally agreed that the measurement of work stress and strain provides
indication of the appropriateness of work design, i.e. information which is
necessary for verifying whether working conditions are in accordance with the
criteria of human-centred design (LUCZAK 1998). Accordingly, such an analysis
represents an important pre-condition for the evaluation of work-systems.
Furthermore an assessment of mental workload is required by legislation, such as
the “Machinery Directive” or the “EU Directive on the minimum health and safety
requirements for work with display screen equipment”. Both directives contain the
obligation to measure mental stress of operators or employees.

However, a universally accepted concept of mental workload is missing and
rather different conceptions concerning human information processing exist. The
single resource theory assumes that the processing of information presupposes the
supply of an adequate quantity of energy. Various internal processes which may
take place in sequence or in parallel receive energy from a single undifferentiated
pool, whereas an allocation policy mechanism governs the supply of resources
(KAHNEMANN 1973). Other approaches, as e.g. the discrete stage model, assume
that the information processing system is composed of various elements possess-
ing a discrete function in the information transfer of the system. A processing
stage can only be passed through if the preceding stage is completed (STERN-
BERG 1969). Accordingly, human information processing is therefore assumed to
be strictly serial. In contrast, the multiple resource theory is based on the assump-
tion that the capacity or energy necessary for various internal activities during
information processing is divided into specific reservoirs (WICKENS 1984). The
cognitive energetical stage model (SANDERS 1983) integrates the structural and
energetical approaches of human information processing. The model considers
three energetical supply mechanisms with the two more basic mechanisms arousal
and activation are linked to input and output stages of information processing. The
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basal mechanisms are coordinated und supervised by a third mechanism, the effort
system. An evaluation mechanism mediates the information about the basal
mechanisms. Although the concept of situational awareness (ENDSLEY 1995) does
not aim at the identification of different information processing mechanisms, it
accentuates the control of attention during control of complex technical systems.
This concept does not aim at the identification of several information processing
mechanisms. Situational awareness encompasses the perception, comprehension
and anticipation of events. Working memory and attention pertain to those factors
most limiting situational awareness. Therefore, situational awareness represents an
agent, facilitating the coordination and processing of information coming from
different sources.

2 Classification of Measurement Procedures

A multidimensional concept of mental workload is consistently postulated because
the complexity of working conditions goes along with demands on different
human information processing mechanisms. For an analysis of mental workload
different investigation levels such as task demands, individual modality of task
completion and the resulting human related consequences must be taken into
consideration. Several measurement procedures are available measuring different
aspects of mental workload. Only some procedures explicitly refer to specific
theoretical models of human information processing.

In order to facilitate the selection of an suitable measurement procedure a
classification system is suggested considering the terminology as proposed in
DIN EN ISO 10075-1. According to this standard, all assessable external influences
affecting an employee mentally are called mental stress. The immediate conse-
quences of mental stress within a person depending on the individual habitual and
actual preconditions as well as the particular coping styles are called strain. Corre-
spondingly, the measurement procedures were classified into approaches for
measurement of stress and strain.

3 Measurement of Mental Stress

Regarding the measurement instruments aiming at the determination of stress, two
main groups can be distinguished. Approaches developed in engineering often
refer to the technical performance of work or the work functions. Psychological
approaches rather concentrate on the occurring interactions between the employee
and his/her work.
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3.1 Approaches Developed in the Field of Engineering

Methods attributable to engineering disciplines (Table 30.1) for documentation of
mental stress often use quantitative parameter compatible to those for describing
technical systems (SHERIDAN & FERELL 1974).

Table 30.1: Methods for measuring mental stress (SCT: Supervisory and control tasks, ST:
Supervisory tasks, ATC: Air traffic control tasks, HCI: Human computer interaction, PT:
Piloting tasks

Name of the Stress related
Literature Tasks
approach parameter
Senders Relative proportion of
Information theory SCT
1964 monitoring tasks
Rouse Linearity and time related stationarity
Control Theory SCT
1980 of the human transfer behavior
Rouse Relation between required
Queuing Theory ST
1980 and available time
Zadeh
Fuzzy Theory SCT Quality of the used rules
1965
Matern
Algorithm Theory SCT Number of operations and decisions
1983
Haccou & Meelis ACT,
Markov-Chains Information content of operation sequences
1992 HCI
Anderson Number of productions
Production Systems PT
1983 Number of arguments of the if component
Stone et al. Relation between required
TTA PT
1987 and available time
Parks & Boucek
TLAP PT Complexity of displayed information
1989
Linton et al. Time related load of the human
SWAM PT
1977 information channels
North & Riley Requirements concerning attention
Workload Index PT
1989 Number of simultaneously feasible tasks
Ellison & Roberts Task difficulty
TASCO PT
1985 Number of failures during task completion
Holley
SWAS PT Number of simultaneously feasible tasks
1989
Harris etal. Frequency of task occurrence
HOS PT
1987 Task execution time
Kirkpatrick et al. Relation between required and available time
SIMWAM PT

1984 Number of accomplished tasks
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The advantage is that items for measurement directly refer to the same aspects
of technical components that should be considered for design improvements. The
vast majority of methods can be applied in settings, where the human operator
performs monitoring and control operations.

Due to an increase in automation, for example in aviation and transportation
those methods designed for the analysis of monitoring and control tasks will
become more important.

Some of the instruments such as TTA, TLAP, SWAM, W/Index and TASCO
can be used for predicting the level of stress for a planned workplace. It is
assumed that adequate/optimal positioning of displays and control elements can
ensure optimal task performance in given time. Accordingly, these approaches
provide information about the feasibility of tasks and time constraints during task
accomplishment. The above mentioned instruments assume that task execution
happens successively and the human information processing system is a central
processor with limited channel capacity. The only exception is the W/Index which
is based on the multiple resource theory. An application of the simulation tools
like SWAS, HOS and SIMWAM require a detailed task analysis. They
additionally intend to reproduce essential characteristics of the human operator by
considering variations in task execution times or parameters related to human
perception, cognition and motor function. The simulation approaches mainly
provide information about time related aspects of task feasibility. SWAS is based
on the multiple resource theory whereas the other simulation procedures assume
that tasks are to be completed sequentially.

3.2 Psychological Methods

The psychological methods for measuring demands of mental tasks are analyzed
with respect to the commonly used criteria reliability and validity (Table 30.2).
However, the instruments should also be evaluated with regard to their sensitivity
and diagnosticity. A measurement procedure differentiating between for example
low, moderate and high stress levels meets the criterion of sensitivity. An
instrument responsive to different kinds of stress satisfies the criterion of
diagniosticity. Both aspects point to the application area of an instrument and
facilitate the selection of an instrument adequate for an intended measurement for
instance in a factory. The psychological measurement procedures depicted in
Table 30.2 are not only suitable for monitoring and control or supervisory tasks
but also for office work and manufacturing.

The SWAT, NASA-TLX as well as the Cooper-Harper-Scale, Bedford-Scale
and ZEIS-Scale are suited for determining the temporal course of stress levels
since these instruments can be applied without much effort. Therefore these scales
can be used for repeated measurements. SWORD and Workload Profile only al-
low a retrospective measurement of stress due to the high costs for the applica-
tion of the procedures. The remaining approaches such as the DTV-AET, TAI,
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TBS-GA, VERA-G, ATAA, FEMA and VAB are especially useful for the analy-
sis of the current state of a workplace and for checking the effects of accom-

plished (re-)design measures.

Table 30.2: Psychological methods for measuring mental stress (black circle: criterion was

analyzed, white circle: criterion was not analyzed)

Name of the Application
Literature Reliability Validity
approach Area
Haider & Rohmert
DTV-AET Office work [ J [ J
1981
Frieling et al.
TAI Universal [ J O
1993
Rudolph et al. Mental tasks with and
TBS-GA [ J [ J
1987 without computer support
Resch
VERA-G Mental tasks O O
1994
Wichter etal.
ATAA Tasks in production [ ] [ ]
1989
Tielsch et al. Industrial workplaces equipped
FEMA [ J [ J
1993 with new technologies
Debusmann et al.
VAB Office work O [ J
1991
Stress Pfendler & Schubert Supervisory and o °
Questionnaire 1985 control tasks
Reid & Nygren Determination of
SWAT [ J [ J
1988 Mental Load
Hart & Staveland Determination of
NASA-TLX [ J [ J
1988 mental Load
Workload Tsang & Velazquez Determination of ° °
Profile 1996 mental load
Cooper-Harper [ Cooper & Harper
Piloting tasks [ [ ]
Scale 1969
Roscoe
Bedford Scale Piloting tasks @) [ ]
1987
Kippler
ZEIS Vehicle guidance [ J [ J
1993
Vidulich et al.
SWORD Piloting tasks [ [ ]
1991

The psychological approaches are mainly based on the stress-strain concept
(DIN EN ISO 10075-1) or the so-called action-regulation theory. Exemptions are
the Bedford Scale which relies on the single channel concept, and the Workload
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Profile which refers to the multiple resource theory. Consequently, the psychological
methods mainly provide information about the feasibility of actions or potential
for personality development.

Most of the procedures are analyzed with respect to their reliability and
validity. However, only the SWAT, NASA-TLX and the Workload Profile were
also tested regarding their sensitivity and diagnosticity (RUBIO et al. 2004).

The number of relevant dimensions of mental stress may justify the assumption
that only multidimensional methods are adequate for the measurement of mental
stress. Nevertheless, the findings of several studies aiming at the identification of
the overall stress level of piloting tasks showed that one- or multi-dimensional
methods provide widely comparable results of measurement (HENDY et al. 1993).
This finding might be astonishing but corresponds to other experiences in using
one-dimensional methods for recording the level of mental stress (SCHUTTE et al.
1994). Instruments can generate meaningful results as long as the rater is capable
to integrate the different stress related aspects in an overall assessment of stress.
One-dimensional approaches are especially useful for initial screenings of mental
stress (HART & WICKENS 1990). If the measurements are carried out to obtain
detailed information about the working conditions multi-dimensional instruments
should be applied only. Since all instruments are based on subjective perceptions
and evaluations of the respondents, it should be kept in mind that answers are
possibly subjected to biases resulting e.g. from the tendency to choose only
average rating categories. One way to reduce biases could be to inform the rater
about problems in using ratings scales (PFENDLER & SCHWEINGRUBER 1996).
Despite the above mentioned disadvantages the application of questionnaires is
considered as absolutely essential since it must be assumed that those aspects of
working conditions which an employee perceived as stressful in fact represent
stressful facets (GOPHER & BRAUNE 1984).

4 Measurement of Mental Strain

Approaches for measuring mental strain can be divided into two different groups.
On the one hand physiological parameters are used for recording the intensity and
time course of strain. On the other hand questionnaires and rating scales are
available documenting the individual feeling with regard to mood, fatigue, effort
etc.

4.1 Physiological Methods

The registration of physiological parameters is based on the assumption that they
not only provide an indication of the information processing mechanisms involved
in task execution but also point to costs and effort during task accomplishment.
Initially, one-dimensional models such as the concept of central activation were
most popular in this field (LUCZAK 1987). Currently, theories concerning attention
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are favoured; especially the cognitive-energetical stage model procuring an inte-
grative heuristic for the analysis of mental strain (MANZEY 1998).

Starting from the assumption that mental strain is influenced by processes
located in the central nervous system it seems plausible to use strain indicators
that cover changes in the activity of cortical or sub-cortical neuronal formations
assumed to reflect particular perceptual, cognitive and motor related task demands
(MANZEY 1998). While imaging techniques allow for identification of inactive
and active brain areas in high resolution regarding space, the registration of the
EEG permits the registration of brain activity in high resolution regarding time.
Furthermore this approach is well examined concerning methodological problems
such as the avoidance as well as detection or clearing up of artefacts. The
spontaneous activity of the EEG and differences between the amplitudes of
various event related potentials (ERP) are discussed as possible strain indicators.

As regards spontaneous brain activity experimental findings verify that a rise of
the frontal-central theta activity correlates substantially with the level of task
demands. Accordingly this parameter fulfils the criterion of sensitivity. However,
theta activity does not seem to be influenced by a particular kind of task demands.
Theta activity presumably represents a more general activation mechanism
comparable to the effort dimension of the cognitive energetical stage model
(MANZEY 1998).

Regarding event-related potentials the P-300 is presumed to be an adequate
strain indicator. The P-300 reflects voltage changes occurring not earlier than 300
milliseconds and above the parietal cortex with an amplitude maximum after the
presentation of a stimulus (MANZEY 1998). Indications militating in favour of
the sensitivity of the P-300 result from studies based on dual task paradigm. An
increase of the demands of the primary task should lead to a decrease of the
amount of resources available for execution of the secondary task. Experimental
findings are in accordance with these assumptions. If two tasks had to be accom-
plished simultaneously, the amplitude of the P-300 for relevant secondary task
events declined when the demands of the primary task were raised. The P-300 also
satisfies the criterion of diagnosticity since the described changes of the P-300
amplitude appeared only if the secondary task is characterized by perceptual and
cognitive demands. Even if this parameter permits apparently the recording of
mental strain it must be taken into consideration that the analysis is very laborious
(filtering and averaging of signals etc.). Additionally this approach is more suited
for experiments than for field studies.

Furthermore heart-rate-variability (HRV) was discussed as another promising
parameter indicating the level of mental strain, since it could be shown, that the
time between the R-waves of the electrocardiogram decreases when task demands
increase (KALSBEEK & ETTEMA 1963). Various algorithms were proposed for the
calculation of HRV (e.g. LUCZAK 1979; LUCZAK & LAURIG 1973) but techniques
of spectral analysis are currently nearly used by default. Three frequency bands
could be identified having relation to thermoregulation (0.02-0.06 Hz), blood
pressure (0.07-0.14 HZ) and respiration (0.15-0.50 Hz). The performance of
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mentally demanding tasks lead to a power reduction in all three frequency bands.
However, the biggest changes appear in the central band (0.07-0.14 Hz), which
accordingly is considered as the best indicator for mental strain. Experimental
findings demonstrate that the 0.1 Hz component of HRV differentiates between
resting and non-resting conditions only. The component does not discriminate
between different levels of task difficulty (JORNA 1992) and is therefore not
conform to the criterion of sensitivity. Further results indicate that the 0.1 Hz
component presumably reflects variations in unspecific, general activation. This
component more likely indicates emotional than mental strain (NICKEL &
NACHREINER 2002).

Regarding the human visual system the frequency of spontaneous eye blinks
and the pupil diameter are considered as mainly influenced by mental strain.
Several experimental findings show that the frequency of eye blinks depends on
the difficulty of the particular task. An increase in task difficulty is accompanied
by a decrease of the blink rate. The parameter is apparently responsive to different
stress levels and can be considered sensitive. Even if the blink rate is unaffected
when an auditory task presentation takes place (e.g. CASALI & WIERWILLE 1983),
the diagnosticity of this parameter is not completely clarified. It is required to
carefully analyze whether a particular task provokes eye movements which are
usually accompanied by blinks (HARGUTT 2001).

Similar to blink rate, a clear relationship seems to exist between stress level and
pupil diameter. An increase in task difficulty comes along with an increase in
pupil diameter (e.g. ROBGER 1999). This relation occurred irrespective of the
particular kind of task. Therefore pupil diameter meets the criterion of sensitivity,
but is not in accordance with the criterion of diagnosticity. Based on these results
it is assumed that this parameter bear probably upon the effort dimension of the
cognitive energetical stage model. The measurement of the pupil diameter requires
relatively constant environmental conditions in order to avoid disturbing factors
such as difference in illuminance or accommodation processes on pupil size.
Accordingly, the method is more suited for experiments than for field studies.

4.2 Methods for Recording the Subjectively Perceived Level of
Strain

Measurement instruments recording the subjectively perceived level of strain are
part of the commonly used repertoire of methods utilized for the analysis of men-
tal strain. This is because ratings are regarded as the most direct procedures for
evaluating the human costs during task accomplishment (HART & WICKENS
1990). Rating procedures are also considered as efficient and as non intrusive in
application (PFENDLER & SCHWEINGRUBER 1996, WIERWILLE & EGGEMEIER
1993). The approaches available can be classified in one- and multi-dimensional.
One-dimensional methods are based on the assumption that the number of differ-
ent components relevant in subjective perceived strain can be reduced to a single
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dimension involved in information processing (BARTENWERFER 1978). Multi-
dimensional instruments capture different aspects of mental strain and provide
additional information about the structure of subjectively experienced strain.

The effort scale (ZIILSTRA & VAN DOORN 1985) is a one-dimensional rating
procedure which refers to the effort system of the cognitive energetical stage
model. The instrument is composed of 7 judgement anchors describing different
effort levels (see EILERS et al. 1986 for a German language version). The anchors
are scaled according to the magnitude estimation method and possess a satisfying
reliability. The validity of the effort scale was evaluated in experimental and field
studies using mainly signal detection tasks of different levels of difficulty.
Amongst others also time of day and the frequency of critical signals was taken
into account (EILERS et al. 1989, EILERS et al. 1990). None of these experiments
provided evidence for the validity of the scale. In another experiment on logical
reasoning the participants were asked to estimate their experienced effort subse-
quent to the accomplishment of easy and difficult tasks. The length and the se-
quence of sections with easy and difficult demands were experimentally varied.
As a result, subjectively perceived effort was substantially influenced by the se-
quence and also the duration of task sections. This finding demonstrates that the
effort scale is responsive to different stress profiles (SCHUTTE 1999). Using tasks
of the AGARD-STRES Battery for generating different kinds and levels of mental
stress it could be shown, that the effort scale differentiates between low and high
stress levels. This result militates in favour of the sensitivity of the effort scale
(SCHUTTE 2001, SCHUTTE 2002). Nevertheless the diagnosticity of the effort scale
requires further investigation.

Regarding the multi-dimensional approaches, the EZ-scale (NITSCH 1974) is a
highly frequently used method. The instrument measures the actual general condi-
tion of a person with regard to mood. The questionnaire consists of 40 items map-
ping two dimensions namely the readiness for action (motivation) and the capacity
to act (strain), of which are both divided into subscales. Since the actual mood-
related state of a person shows fluctuation throughout the day, the reliability of the
EZ scale is hardly determinable. The validity of the questionnaire was investigated
in several studies. The findings verify that the scale differentiates between relaxed
and tense situations (e.g. examinations). The EZ-scale was also used in pharma-
cological tests; the measurements discriminated between the reference situation
(placebo) and conditions with the administration of different doses of a tranquil-
lizer (NITSCH 1976). Furthermore, the EZ-scale maps the strain-related differences
between variably organized office work (FRIELING et al. 1979). These results
demonstrate the validity of the approach, but more detailed studies concerning the
sensitivity and diagnosticity are not available. Since some items of the EZ scale
were difficult to comprehend for some raters a modified version of the scale was
developed (APENBURG 1986). The reliability (inner consistency) of the modified
version reaches satisfying values between 0.80 and 0.92 which are in accordance
with measurement precision class 2 (r = 0.8) respectively 1 (r = 0.9) according to
DIN EN ISO 10075-3. The findings of a study comparing strain of six occupational
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groups provide evidence for diagnosticity as the groups differ in their average strain
level. Nevertheless, studies giving more detailed information about both the diagnos-
ticity and sensitivity of the modified version of the questionnaire are not available.
The questionnaire for measuring fatigue, monotony, satiation and stress (BMS
II) was explicitly developed for assessing strain levels during the accomplishment
of monitoring and control task performance. The instrument is based on a model
assuming that strain during task performance depends on the intensity and level of
task demands as well as the individual qualification and habitual particularities of
activation (PLATH & RICHTER 1984). In addition the model supposes that strain
has positive consequences. Task performance may facilitate learning processes
and can lead to (re-)forming of work related attitudes which both improve the
psychological regulatory processes concerning task completion and motivation.
Negative consequences of strain may also be expected leading to impairments
such as fatigue, monotony, satiation and stress. Accordingly, the development of
the questionnaire was based on several postulations. The instrument should not
only capture negative but also positive conditions of mood. The items should map
task demands and the instrument should measure actual mood conditions. The
questionnaire should allow for repeated measures resulting in the development of
two widely comparable alternative versions of the questionnaire. Each version
comprises 10 items for each of the four scales fatigue, monotony, satiation and
stress. The method of successive intervals was used for calculating a scale-value
for each item reflecting the degree of the particular characteristic the item captures
(e.g. fatigue). When applying the method the respondents only have to indicate
whether a particular item adequately describes the actual condition of mood (yes /
no answer). The individual level of e.g. fatigue will be determined by summing up
the scale values of all items answered affirmatively. Subsequently the average
value will be calculated. Reliability was assessed by correlations between the two
alternative forms of the questionnaire. Based on the post test measurements ob-
tained in various experiments the correlation coefficients take values between 0.77
(scale monotony) and 0.88 (scale fatigue). Taking into consideration the recom-
mendations of DIN EN ISO 10075-3 the reliability of the scales corresponds to
precision class 3 (r = 0.7) respectively 2 (r = 0.8). The validity of the instrument
was proved in several experiments and field studies. The findings verify that the
questionnaire discriminates between conditions of low and high stress and also
between different kinds of stress. These outcomes militate in favour of the sensi-
tivity and diagnosticity of the instrument. Furthermore it could be shown that an
increasing number of failures during task completion goes along with the percep-
tion of satiation and stress (in control task settings) and that prolonged reaction
times are attended by higher stress and fatigue (in choice reaction time task set-
tings). Field studies verify that a small number of machine operations lead to fa-
tigue. In monitoring tasks or multi operation situations the feeling of satiation and
stress dominates. All in all these results confirm the validity of the questionnaire.
Furthermore the current level of strain can be compared with threshold values
indicating the necessity of work redesign. The BMS 1I is also applicable during
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the planning phase of work places since the questionnaire is integrated in the
REBA tool (JORDAN et al. 1997).

The BLV measures changes in strain (KUNSTLER 1980). The approach has the
advantage to provide information about an individual strain level and about com-
pensatory behaviour. The development of the instrument was based on the as-
sumption that strain destabilizes the biological equilibrium which a person at-
tempts to restore. Four possible behavioural patterns can be distinguished (1)
break off of the particular task, (2) lowering the level of achievement, (3) increase
of effort and (4) variation of mode of task accomplishment. The questionnaire
comprises in total 46 items which constitute the four scales perceived momentary
performance capability, fatigue, tension and achievement motivation. The reliabil-
ity (test-half coefficient) varied between 0.91 (tension) and 0.98 (momentary per-
formance capability); i.e. above the lower limit of 0.90 as recommended by DIN
EN ISO 10075-3 for high precision measurements (precision class 1: r = 0.9). The
validity was proved in a study comparing the measurement results of the BLV
with the measurement results of the BMS II. The calculated correlation coeffi-
cients take values between 0.31 and 0.68 indicating that the BLV conforms to the
criterion of internal validity. Further support for the validity of the instrument is
provided by a field study analyzing the strain of air-traffic-controllers in shift time
(KUNSTLER & NELTE 1983). Substantial changes of strain were detectable during
night shifts and two different forms of compensatory behaviour could be observed.
Some air-traffic-controllers attempted to maintain their reactivity by increasing
their tension, despite the existence of fatigue. For the other air-traffic-controllers
the experience of fatigue was dominant. This was accompanied by reduced moti-
vation, perceived momentary performance capability and tension symptoms which
are typical for the condition of monotony. No studies are available on sensitivity
and diagnosticity of the BLV.

One reason for diversity of questionnaires available and their differences con-
cerning strain dimensions could be assumed in procedures chosen for item collec-
tion and selection as well as psychometric methods used for scale development.
However, this would ignore the fact that strain related dimensions such as fatigue
or activation can be identified even if different techniques of data acquisition and
analysis methods are applied (HAIDER 1961, HAMPEL 1977, HECHELTJEN &
MERTESDORF 1973). It is therefore more likely that the diversity of instruments is
due to different theoretical conceptions underlying the questionnaires. The EZ-
scale is based on a model that assumes a strong relation between mood and de-
mands as well as motivating elements of a task. The BLV is based on a concept
that assumes strain to be the result of complex decision and evaluation processes
and provoked by changes in the individual work capabilities. The BMS II is based
on a model that differentiates between the subjective representation of task de-
mands and the supporting or impairing consequences. The development of most of
the questionnaires was not influenced by models of human information process-
ing. This might have been because in these models performance parameter such as
task execution time or the number of failures during task completion are more



406 Schiitte

suited for the determination of the human related consequences of information
processing. However, the cognitive energetical stage model (SANDERS 1983)
considers strain related dimensions and provides a theoretical basis of only few
instruments such as the effort scale. One possible explanation could be that this
model seems to be more adequate for experimentally generated simple tasks al-
lowing a precise manipulation of stimulus intensity, signal quality, stimulus-
response comparability and time uncertainty.

5 Conclusion

Most of the described instruments are analyzed with respect to their reliability and
validity. Regarding strain measures one essential aspect of validity is the confir-
mation that an instrument is sensitive to both the duration and intensity of stress.
Furthermore, there should also be a check of the validity of the statistical decision,
the internal and external validity of the experimental design as well as construct
validity (NACHREINER et al. 1987). Although there are most often some studies
providing evidence for sensitivity and diagnosticity, systematic analyses is mostly
missing. However, such an investigation is very important since it provide infor-
mation about the scope of application of a measurement procedure and is a helpful
specification for practitioners looking for an instrument adequate for their purpose
of measurement. Furthermore, it should be noted that reliability studies often erro-
neously assume that the person represents the object of measurement. Therefore
calculated coefficients reflect the reliability for discriminating between persons
based on the measurements. Only a few studies exist (e.g. SCHUTTE 2001,
SCHUTTE 2002, SCHUTTE & NICKEL 2002) reporting the reliability for the dis-
crimination between different stress conditions based on the measurements. One
elegant way for determining the person or condition related reliability of measures
of stress or strain is the application of generalizability theory (GT; BRENNAN
2001). GT has the advantage to allow for an estimation of the magnitude of multi-
ple sources of measurement error and thus facilitating the separation of major
error sources. In G-theory every measurement is regarded as a sample taken from
a universe of possible measurements which could have been taken for an object of
measurement (e.g. stress level). This universe is named the universe of admissible
observations and is characterized by various variables (facets) which represent
possible sources of variability in the measured scores (e.g. persons). Each specific
instance of a facet is called condition. The application of G-Theory requires two
different steps, namely the realization of a G- and a D-study. At first the G-study
has to be accomplished. The G-study aims at the estimation of the magnitude of
the sources of variability as defined in the universe of admissible observations.
Subsequently a D-study (Decision study) has to be accomplished and is based on
the results of the G-study. The D-study gives information about the generalizabil-
ity of the measurements. For that purpose two different reliability analogous
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parameters can be computed. The so-called relative G-coefficient (p?) indicates on
a 0-to-1 scale, how well an observed score is likely to locate the objects of meas-
urement relative to other members of the corresponding population. The absolute
G-coefficient (¢) indicates also on a 0-to-1 scale how well an observed score is
likely to locate the objects of measurement independent from others in the respec-
tive population. Furthermore, the D-study provides not only indications concern-
ing the costs required for an application of the measurement procedure (e.g. optimal
number of conditions of a facet) but also information about alternative measure-
ment designs bringing about reliable scores. It was criticized that the application
of this procedure requires controlled experiments and neglects field studies.
G-theory do not exclusively presuppose experiments as also several field studies
have been conducted e.g. in the domain of education (GILLMORE et al. 1978).
However, if an instrument does not provide reliably measured values in an ex-
periment, testing the method in a field setting can be omitted (NACHREINER &
SCHUTTE 2002).

Some instruments such as SWAT or NASA-TLX (REID & COLLE 1988, COLLE
& REID 2005) possess guideline or threshold values indicating whether the strain
level has reached a critical level and by that indicating that performance decre-
ments could occur. However, the proposed values give no information about the
admissible stress level and duration. Future research should therefore establish
critical or threshold values to provide an orientation for human related criterions
of work design.
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