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Abstract

Laboratory research on invested mental effort imaleding mental tasks has given
evidence for an increase in heart rate (HR) andedsed heart rate variability
(HRV) as a function of task load. In particular tHRV effects are very consistent in
short lasting tasks (e.g. 5 minutes) in which wogkinemory is heavily involved.

Using this concept in more practical workload dituas evokes two types of

problems: 1. Generally HRV increases as a funaifdime due to baroreflex related
regulatory processes; 2. workload and mental efétrnge continuously as a
function of time. This latter point is directly atéd to the reliability of the estimated
HRV measures. According to published standardspany cases time segments of
steady workload would be too short to apply spétdchniques for HRV measures.

In this paper a simple time-frequency approacHedapectral profiles, for this type
of problems is outlined that is suitable for masgri-)realistic working conditions.

This is illustrated in two studies using two difet types of task, i.e. the SON 1Q-
test for children and a simulated flight for caratelpilots.

The results show that in both experiments HR and/Hffects based on short
segment analysis can be related to task demangscdincluded that the described
short segment spectral profile approach is promidor use in (semi-)realistic

working situations. The important pre-requisitethiat on the basis of simple task
analysis relevant segments have to be detectedidh@dt overlap too much (in time
or in effect) with respect of the HRV patterns.

I ntroduction

In several laboratory experiments it has been shbanheart rate variability (HRV)
decreases with increasing task demands, while eadases (Boucsein & Backs,
2000). In general a diminished HRYV is interpretedadditional effort invested in the
task to be performed (Mulder, 1986). On this b&#®V was proposed to be an
index of invested mental effort. Many of these sadhowever, can be characterised
by short task duration (e.g. 5 minutes), while iasincases working memory load
was manipulated specifically. Longer lasting tagkgyeneral, show a quite different
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pattern: after an initial HRV decrease at the sth# task, HRV increases gradually
to levels even higher than preceding rest valueslddt, van Roon, Veldman,
Laumann & Burov, 2003) The question arises what ihekground is of these
different patterns and how these can be explained.

The cardiovascular response pattern during shstintatasks can be described as a
defense reaction: compared to preceding rest gihsaheart rate and blood pressure
are increased, while HRV, blood pressure varigbiliBPV) and baroreflex
sensitivity are diminished. In many cases longstig tasks start with a similar
pattern, but after five or ten minutes this pattierfollowed by a distinctive decrease
in heart rate in combination with an increase ofobeflex sensitivity and HRV.
Mulder et al. (2003) interpret these changes asspanse of the short term blood
pressure control system (baroreflex) to the in@ddsood pressure. What happens
with the blood pressure level depends on the taskt®on, but in many cases the
initial increase in blood pressure is levelled offthe blood pressure level is even
diminished.

It is clear that because of these different respgagterns it is difficult to use HRV
as a direct index of invested mental effort in Idexgting tasks or during normal work
in real life or even in simulated working tasks. tire literature it even led to
conclusions that HRV is not always a valid indexirofested effort during mental
work (Boucsein & Backs, 2000, Nickel & Nachrein2003). There are, however,
more aspects that make it difficult to use HRV dgrinormal daily work or in
simulated workload studies. In normal daily memsalding work such as writing a
report, planning, decision-making or car drivingmaé task load, and therewith
required mental effort, is not constant but is wagyfrom moment to moment. Short
periods of peak load are interchanged with periwil less effort required. The
same holds to a lesser extent for simulated realdituations, such as driving in a
driving simulator, the ambulance dispatcher’s tagkan air traffic control task. As a
matter of fact four problems arise: 1. Is it poksito characterise complexity of
specific task segments in terms of simple taskyaismethods? 2. Can simple and
complex task segments be traced in a simple mammehe basis of such a task
analysis? 3. Are the mental loading segments lamgugh to evoke a distinct
cardiovascular response pattern (i.e. increaseahtRdecreased HRV)? 4. Has an
HRV-response on a preceding task event disappedred a new event occurs, or is
overlap between response patterns to be expected?

In the present paper an approach is outlined thekldés these problems. In
particular, attention is given to the point of gdiguishing short lasting task segments
with varying task complexity and how such differes@re reflected in HR and HRV
patterns. As a matter of fact the question hastariswered whether it is possible to
increase reliability of short segment spectral HR¥asures by taking together data
of comparable task segments using averaging tegbgidifter the description of the
spectral procedure that is used the results of stumlies are described in the
remainder of this paper, one related to HRV pasteluring an intelligence test with
children, the other related to workload in a fligithulator.
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Spectral profilesanalysis

The basis of the approach is a simple type of fimguency analysis of HRV. In
general in signal processing, time-frequency amalys a method that delivers
spectral distribution measures as a function oétiFor instance, the time course of
spectral power in a chosen frequency band can epu®d or coloured 3-
dimensional graphs can be plotted of the spectalep distribution, with time on
one axis, frequency on another while the specalep in a specific time window
and specific frequency range is indicated by awokrale. Sophisticated methods,
such as wavelet-analysis procedures, exist in wthiehtime window is adapted to
the frequency range at hand: the lower the frequeange, the longer the time
window. On this basis Van Steenis (2002) has dgeglaa nice procedure that is
suitable for HRV-analysis. For years we have ussiimalified method in which the
spectral power in a chosen frequency band as &danef time (spectral profile) can
be computed (G. Mulder, 1980, L. Mulder, 1992)tHis procedure the length of the
time window can be adapted to the required frequeacge, in such a way that the
lower the frequency range of the band, the lardex ¢hosen time window.
Theoretically, the time window has to have at lghstlength of the inverse of the
lowest frequency involved. Practically and for i@as of reliability of the computed
spectral values, longer lasting time periods areseh in most situations. For
instance, when the power in the frequency bandimgnfjom 0.07 — 0.14 Hz is
selected (mid frequency band of HRV) the windowgténtheoretically has to be at
least 14 seconds, mostly a window length betweean8060 seconds is chosen.

As a matter of fact, such window lengths for cormmutspectral HRV values are
lower than indicated by the guidelines of the cotteri on HRV spectral analysis
headed by Berntson that gives the advice to udeaat segment durations of 10
times the target rhythm, which means for instantweud 100 seconds for spectral
measures from the mid frequency band and betweemn8@®0 seconds for the high
frequency band (Berntson et al., 1997). There laeetaspects with regard to these
guidelines. The first has to do with reliability apectral band values, which
increases linearly with window length. The secorgpeat has to do with the
reasoning that for obtaining the same reliabiliopger time durations are necessary
for lower frequencies than for higher ones. Thitetareasoning is theoretically not
correct, given the assumption that the data arenalty distributed (Bendat &
Piersol, 1986). At a given segment length the nurobeegrees of freedom for each
component of the power spectral density functiainéssame for all frequencies. The
third is related to findings that HRV increaseshwiicreasing segment lengths. This
is probably related to the fact that HRV valuesraehomogeneous distributed over
the frequencies. Practically, it is obvious thasitess easy for the lower frequencies
to prove that the data follow the required stat#tidistribution than for higher
frequencies. This will probably be the most impotteeason that it is advised to
have longer time segments for lower frequencies.

Three frequency bands have frequently been uskedv €0.02 — 0.06 Hz), mid (0.07
— 0.14 Hz) and a high frequency band (0.15 — 0.4R Hhe high frequency band
mainly reflects respiratory related HRV (RSA), thed frequency band reflects
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baroreflex related HRV, while the lower frequenciaainly are related slow task
adaptation and temperature regulation (Mulder,1992g procedure that will be
described in the following will be applied to thadmand high frequency band,
although there is no specific reason to restrietrtiethod to these bands.

The described spectral profile method works a®¥edl The heart rate data to be
analysed, which may last for several hours, aremseted in small highly
overlapping time segments (e.g. window length: é6oads; step size: 5 seconds).
For each of these time segments the spectral pawer number of specified
frequency bands is computed, as well as the metiredfignal (heart rate) in exactly
the same manner as is done for longer segmentermah HRV spectral analysis
(Mulder, 1992). The time course of the spectral @owm each of these specified
frequency band is called a spectral profile. Ingdhme manner also spectral profiles
can be computed from the coherence, gain and pliasetions between
cardiovascular time series (e.g. systolic bloodsgues-heart rate), again in each of
the specified frequency bands (Mulder, 1992).

Theoretically it can be derived that it takes hafifthe window length before the
optimal (theoretical) level of HRV is reached aftesudden change to a new level.
In this sense the approach corresponds completily the output pattern of a
moving average filter. Extrapolating this idea @&ncbe concluded that the time
resolution of this technique is directly relatedtte window length; the step size is
only relevant for the interdependency of conseeutspectral band values. The
smaller the step size, the more smooth the timeseoof the profile will look. For
practical research it is clear that when changetagk demands in consecutive
segments have a duration of far less than the thimglow, the related HRV
differences can not be detected. If the duratiosunh HRV-effects is longer than
the time between consecutive task-events, overtapre. If there is little overlap,
the HRV task-effects will be less than in caseshait overlap, but probably
differences can be detected. Additionally, the &mghe time duration of the
segments to be analysed, the higher the reliahifitthe computed spectral values
will be. This reliability is here improved by takjthe weighted average of a number
of segments belonging to a specified class of sagknents.

Study 1. SON intelligence test

The main goal of this study (Rusthoven, 2006) veadirtd out whether there is a
direct relation between task performance in a Meirtalligence test and invested
mental effort, as measured with HR and HRV profilke adapted version of the
SON-R5.5-17 (Snijders-Oomen non-verbal intelligetes for ages between 5.5 and
17 years) was used (Tellegen, 2005). In particulaas studied whether there were
indications that children were giving up in cashkattthe test items could not be
solved adequately.

Methods

A specific task was constructed using four subte$tthe SON-R5.5-17 (further
indicated as the SON). Thirty-seven children in éige category between 9 and 11
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years, with normal education and without known dswmental problems, were
tested. The four selected subtests were, resphctategories, Analogies, Mosaics
and Patterns. The first two are abstract reasot@sis; the last two require mainly
spatial insight (Snijders, Tellegen, & Laros, 198Bach subtest consisted of two
series of items, each with increasing level ofidifty. The number of items per
subtest varied with the required solution time hwitategories and Analogies being
the shortest (about 15 seconds) and Mosaics anerabeing the longest (about 70
seconds). The short subtests had a maximum ofeh@siper series, while the long
series included 7 items as a maximum. A seriesenfis was ended when 3 errors
were made in the Patterns and Mosaics subtest® amcbrs in the Categories and
Analogies subtests. Each new series started wisly #ams. In order to prevent
effects of time-on-task, half of the subjects st@nivith the short lasting items, while
the other half started with the items of longeradion. Moreover, after the first and
after the third subtest a resting period of 3.5utés was included that was used as
baseline measurement.

HR and HRV measures were obtained from hardwaggedred R-peak events in the
ECG and were corrected for artefacts, using a coation of automatic
detection/correction and visual inspection followkedg manual correction where
necessary in the Carspan spectral analysis progea(viulder, 1992). Spectral
profiles from HR and HRV (mid and high frequencynawere computed with the
same programme. Data were analysed with a windogtheof 30 seconds and a
time step of 1 second. With respect to the subtestaind each item a small time
segment was selected that was aligned around #pomse of the participant. For
Categories and Analogies this window started 20ors@e before and ended 6
seconds after the response. For the subtests ovithet duration this segment was
between 80 seconds before and 10 seconds afteretipense (for Patterns) or
between 70 seconds before and 10 seconds afteetpense (for Mosaics). Two
types of differences were studied: between the &irgl second half of each series
and between items with correct and incorrect arswhr this way 4 averaging
categories were obtained: CB: correct items infitst half (begin); CE: correct
items in the second half (end); IB: incorrect, tfinalf; IE: incorrect second half. It
has to be realised that these categories are mgpletely independent: in the first
half of each series more correct answers may becategp because the items are
easier. Moreover, the defined time segments werheu adapted by shortening
these by the individual mean durations of the itemghe CB, CE, IB and IE
categories. Finally, HR and HRV profile-values wereeraged over these newly
defined segment values. For reasons of a havingor@ mormal distribution, the
natural logarithm of the HRV measures was takem(Raon, 1998).

It was expected that HR is higher and HRV lowethia more difficult (effortful)
items; items in the first half (CB, IB) are estimatas easier than those in the second
half (CE, IE), while correct answered items (CB,)Gle estimated as easier than
incorrect items (1B, IE). No signs of giving up thg difficult items were expected.
HRV was expected to be higher in the baseline ¢immdi, while HR would be lower

in the two (averaged) baseline conditions. Dataevegatistically analysed using two-
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sided paired t-tests after Bonferoni-Holm correattid/an Peet, Wittenboer, den
Hox, 2001). For all tests a significance level & @as applied.

Results and discussion

Only the results of the subtests Categories (fidyrand Patterns (figure 2) will be
described in detail. From other subtests only garedffects will be mentioned.

In all subtests HRV (mid and high frequency bariddpwer during task than in the
baseline conditions; HR is higher during task penfance than in the baseline
conditions, for the tests with the longer lastitegris (Patterns, Mosaics), but not for
the subtests Categories and Analogies. HRV-higtindisishes items from the first
and the second half in all the subtests except MesEHRYV is higher in the first half;
the same pattern is found when comparing correttt imcorrect items, but is only
significant in the Categories and Patterns subté®/-mid shows similar patterns
as HRV-high, but the level of significance is omBached in the Patterns subtest
(both comparing first-second half and correct-ineor items). The Mosaics subtest
shows a different pattern: no differences are foamdHRV (high and mid frequency
band) between first and second half and correcugeincorrect items, although all
task conditions are strongly different from the édae condition in the expected
direction. It is remarkable in this case that HRliierent between first-second half
and correct-incorrect items, but in the other dicecthan expected: HR is higher in
the first half than the second and higher durirggdbrrect items. As a matter of fact
this same pattern was found for HR in the othetesib, but not significantly.

In more detail: figure 1 shows the results for @aegories subtest. Although HRV-
high and mid frequency bands show very similar ggatt, the effects are only
significant for the high frequency band. Note theah (non-significant) differences
on HR between baseline and tasks and the taskteorglmutual.

Figure 2 shows the results of the Patterns subitest: all HRV effects are clearly
significant, both when comparing task with baselirsdues as well as the task
conditions mutual. HR is higher during task perfanoe than during baseline
conditions, while the task conditions do not diffieatually.

The study shows that there are signs of increaed & incorrect items, therefore,
no arguments are found for the idea that childriee gp during the most difficult
items. All together, the results are remarkablarcind consistent, while interesting
details are found between the subtests and thewssebles. In general, HRV-high
seems to be the most sensitive variable; this halgarticular for the subtests with
the shortest item-durations (Categories, Analogies) the Pattern subtest high and
mid frequency band have similar sensitivity. Forddics a quite different pattern
occurs in both bands: no differences between tls& t@onditions, but large
differences with baseline values, probably relatedhe high difficulty level of all
items.
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So, in contrast to many other laboratory studieseéms that here the high frequency
band is more sensitive to changes in mental etifian the mid frequency band in the
described setup for the subtests with the shaittagems. This finding corresponds
well with the position of the Committee Report isyBhophysiology (Berntson et al.,
1997) that segments of longer duration are necedsarlower frequency bands.
Whether this has to do with the statistical disttibns of these variables or with the
fact that there is more overlap in HRV profile-patts between the segments is still
unknown.

In many laboratory experiments with heavy mentalding tasks (memory search
and counting, mental arithmetic, etc.) it is fouhdt HRV in the mid frequency band
is reduced with about a factor 2 (for natural ldpan this is a difference of 0.7),
while differences have to be about 0.4 (on a Ine3dar getting significant results,
assuming about 20 participants (Van Roon, 1998hérpresent experiment with 37
participants, differences in the high frequencyd&wer than 0.2 were significant
(Categories, Analogies). This means that the ptedemethod is certainly not less
sensitive than when having united task segments.

Conclusions

e There are signs of increased effort when dealirth thie most difficult items of
the test.

» Despite the short duration of the items stable Hifférences can be found.

» The high frequency band of HRV seems to be morsithem in the tests with
the shortest item durations than HRV the mid fregyeband, probably related
to the restricted time-resolution of the latter.

* Comparison of these results with other types ok tean probably clarify
whether these findings are task related or havdotawith the item duration
itself.

Study 2: mental effort in smulated flight

The main aim of this study (De Rivecourt & Kuper@806) is to find out whether
different task difficulty levels of a simulateddtit are reflected in corresponding HR
and HRYV profiles. Knowing that in this task thetpat of task demands is changing
very rapidly one has to find out whether it islgibssible to work with HRV profiles
that require relative long time durations. Moregveis has to be found out which
variables are the most sensitive for this approach.

Method

Nineteen male participants from the Royal Nethettaiir Force selection and
training programme, in the range of 17 to 27 yepesformed an instrument flight
task on an ALSIM AL 100 Flight Trainer. The pargiants had some experience in a
flight simulator but had not yet started their taity flight education. They all had
less than 100 flight hours and can be considereélatvely inexperienced.
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After a short instruction and familiarisation in teaining flight (24 minutes)
participants were expected to have sufficient @dnéind track of the task to be
performed. Before the experimental flight (thattdals 28-30 minutes) they were
instructed about the flight profile, which was dable during the whole flight in a
written form attached to their knee. The particiganad to perform an instrument
flying task with increasing task complexity, stagiwith straight and level flight,
followed by a horizontal turn, a climbing turn, esdending turn and combinations
of these elements with at the end relatively festditions. Six flight segments could
be distinguished, which lasted each between 1.2amdhinutes. More detailed task
analysis led to a description of the task in 39seantive flight elements that could
be assigned to four increasing levels of task ceript: 1. horizontal flight, 2.
horizontal turn or climbing/descending, 3. turns ionombination with
climbing/descending, and 4. transitions. Transgtitnom one phase to another were
considered to be more complex than category 3.dlination of each of these flight
elements was variable and lasted between 5 andsé@nds. In particular, most
transitions were not longer than 20 to 25 secoAtthough the flight scenario was
very detailed and precisely prescribed in time,iviidial variations could occur
when participants started a new phase too eatiywlate.

HR and HRYV profiles were obtained in the same wagescribed in study 1, while

in this case, for reasons not relevant for the goreshapter, the window length for
HR was 4 seconds, while it was 30 seconds for tR¥ idrofiles. The step size was
1 second for all variables. HRV power values fa thlevels of complexity were

obtained by computing weighted averages of thetgmgment HRV profile values.

Baseline values for the heart rate data were caedpay taking the average of a five-
minute rest before the start of the flight and meaesting period after the flight.

Next to heart rate also eye fixation patterns wesasured, as well as subjective
indications of task complexity in the 6 consecufight phases. These data will be
described elsewhere.

To summarize, data are analysed in two ways: obakes of the 6 consecutive flight
segments and on the basis of the segments belottgthg 4 levels of complexity. It
is expected that HR increases and HRV deceasesnertasing task demands. This
will be tested using multilevel analysis (MLWin) tvia random effect model
(Wright, 2004; De Rivecourt & Kuperus, 2006). A esided significance level of
5% was used for all tests.

Results and discussion

The HR and HRV results with respect to the 6 coum$ee flight segments are
illustrated in figure 3. In comparison to the baselvalues HR is strongly increased
in all flight segments, while there is a continucwsgoing increase of HR as a
function of time (and task load, as task load iases as a function of flight time).
Multilevel analysis shows that all segments difiem rest, while segments 1, 2, 3
and 4 can be distinguished from each other. Ncemdiffces are found between
segments 4, 5 and 6. The HRV patterns in both titeamd high frequency band
show differences between the first segment anoltladirs, while these other segments
are mutually not different, except segment 6 fa kiigh frequency band which is
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statistically different from the other segmentsgi8ent 1 does differ from baseline in
both frequency bands.
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Figure 3. HR and HRV results as a function of flight segment. Changes in HR (upper panel),
HRV in mid (middle panel) and high frequency band (lower panel) as a function of flight
segment complexity; level 1 corresponds with the most simple task elements, level 6 with most
complex ones. All values are related to baseline. HRV measures are natural logarithms
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Figure 4. HR and HRV results as a function of task level Changes in HR (upper panel), HRV
in mid (middle panel) and high frequency band (lower panel) as a function of increasing task
level complexity: 1. horizontal flight, 2. horizontal turn or climbing/descending, 3. turnsin
combination with climbing/descending, and 4. transitions.. All values are related to baseline.
HRV measures are natural logarithms
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The HR and HRV results on the basis of the fouk tlsmand levels are illustrated
in figure 4. For HR, all task demand levels diffeom the baseline, while HR

increases with task demand level. Multilevel anialgtows that level-pairs 1,2 differ
from level-pairs 3,4, while the levels are not naliy different within these pairs.

HRYV decreases strongly with increasing task denhewel in both frequency bands.
Multilevel analysis shows that in both frequencynds level 1 can not be

distinguished from the baseline periods. In the freduency band levels 2, 3 and 4
differ from level 1, while these levels do not diffmutually. In the high frequency
band level 1 differs from level 2, level 2 diffédrem the pair 3,4, while these latter
levels can not be distinguished mutually.

The HR data in this study show much larger increasenpared to baseline values
than in Study 1. This finding corresponds with otkiidies in flight simulators and

in driving simulators, which illustrates strongesffs of manual control on the HR
level in comparison to mental tasks that requireemmorking memory operations

(Veltman & Gaillard, 1996, Wilson, 1992, De Waa?2®02). HRV level changes in

the present study are in the same range as thoed fo Study 1 and in many other
mental loading studies (Van Roon, 1998). Althougiré seems to be a problem in
this study that task load effects are confoundedtibne-on-task, it has to be

mentioned that in general time of task effectsimathe opposite direction than found
in this study. Usually HR decreases, while HRV @&ages as a function of time on
task (Mulder, et al. 2003).

The two approaches, one based on continuous tgshesgs with lengths between
1.5 and 2.5 minutes and the other based on shgmesg analysis related to task
demand level give, in great lines, similar resuRer HR, the analysis based on
consecutive segments seems to be the most infwenéiicause more levels can be
distinguished. For HRV-high the task demand lewellgsis seems to be at least even
informative as the segment analysis, because #dhase the levels 2 (curves or
climbing/descending) and 3 (curves in combinatidth wlimbing/descending) can
be distinguished. Furthermore, using this task deimavel analysis the problem of
untangling time on task effects from task load @fds less prominent. Moreover, in
the present setup differences in the high frequdranyd of HRV of about 0.15 (In
scale) can be distinguished, both in the segmealysia (level 6 compared to 2, 3, 4
and 5) as in the task demand analysis (level 2 eomtpto 3), which is quite
sensitive compared to other studies using dataesetgnof longer duration.

Conclusions

+ Both HR and HRV differences can be detected betwhendifferent task
segments as well as between task demand levels.

» The differences in HR, compared to baseline arearkably larger than in Study
1.

* Again, HRV in the high frequency band seems to beensensitive in both types
of analysis than HRV in the mid frequency band.

* Also in this study the short segment analysis basethe profiles approach is
suitable, both for HR and HRV analysis.
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e This study shows, once again, that the combinatioHR and HRV measures
gives more information than taking just one of thgges of measures.

General discussion and conclusion

The proposed short segment analysis technique lmasésbectral) profiles worked

well in both experiments. Despite the short duratib some segments (certainly in
Study 2, related to flight transitions) differerask demand levels could be
distinguished by averaging HRV band values and HiRuies for relevant short

segments. It is certainly not denied that overldpexist between the HRV effects

in consecutive short task segments, but the reefiltkese two short studies show
that despite this overlap relevant task effectshmifound at the level to be studied.
In general, it may be expected that the less opegbdsts between segments the
better the statistical resolution will be. Thisashopeful conclusion for all those

experimental situations at which partly overlap can be avoided. Moreover, it is

remarkable that the standard error of the spebtratl values (not shown in the data
presentation) is not larger for baseline data {jreddong consecutive segments) than
for short segments from, for instance, flight tidoss.

In both studies the HRV effects in the mid and higlguency band showed about
the same pattern, but in both cases the effedtseimigh frequency band were more
sensitive to task load. Effortful laboratory tagkshe past (Van Roon, 1988) showed
more consistent effects in the mid frequency babdsed on longer lasting
consecutive task durations (about 5 minutes of)d&taleast two explanations can
be given for this difference. The first is relatedpossible statistical distributions of
these spectral band data. The 10-second rhythntitdimg the power in the mid
frequency band shows in general, for instance dutonger lasting baseline
measurements, an on-off going burst pattern. # tucurs in the same way during
the type of tasks as described in this paper, leagéom variations may be expected;
these will then result in large standard errors atadistical distributions far from
normal. The second possible reason has to do witlra of the autonomic nervous
system. It may be expected that HRV patterns irhigle frequency band are directly
related to vagal control, while changes in the fméduency band are related to both
vagal and sympathetic effects (van Roon, 1998). vkmg that in sympathetic
control much longer time constants are involvedvinm effects over 10 or 20
seconds, while in comparison vagal effects areictstl to 2 or 3 seconds it is to be
expected that much more overlap will exist in effén the mid frequency band than
in the high frequency band. This would then regulsmaller differences between
different types of task segments in the mid fregyeband compared to the high
frequency band.

It can be concluded that the described short segspertral profile approach looks
very promising for use in (semi-)realistic workisguations. The important pre-
requisite is that on the basis of simple task aiglyelevant segments have to be
detected that do not overlap too much with respetite HRV patterns. It is advised
to use both HR and HRV measures (in both the high mid frequency band);
combination of these measures gives more informétian taking just one type of
measures.
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