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Effect of hypobaric hypoxia on subjective perception of mental
wor kload measured with NASA Task Load Index

DahiyaYS", Tripathi KK *

ABSTRACT

NASA Task Load I ndex (NASATL X), employed for prototypeand systemsevaluation, isamultidimensional
subjectiveworkload index which providesan over all wor kload scor ebased on aweighted aver ageof ratingsin six
dimensions. Out of itssix dimensions, threer elateto demandsimposed and theother threerelatetointeraction of
thesubject with thetask. Hypoxiamay affect many of theseconstituent dimensions. Present study examined the
effect of hypaobaric hypoxiaon the subj ective per ception of mental wor kload measured usngNASA TL X. Thestudy
examined theeffect of short term exposure(15min) tomild hypobarichypoxia (10,000 ft) and moder atehypobaric
hypoxia (15,000ft) smulated in ahypobaric chamber on NASA TL X measur ed during engagement of 16 healthy
malevolunteersin aworking memory task with two difficulty levels. Order of administration of thetwo task
variantsand threealtitude conditionswas counter balanced. Satistical procedureinvolved atwoway analysisof
variance. Resultsshowed that theratingsin all dimensionsof NASA TL X (except frustration) exhibited significant
effect of task difficulty. However, no significant effect of task difficulty wasobserved on weights. On theother hand,
nosignificant effect of hypoxiawasobserved in ratings, weightsand weighted wor kload in any of thedimensionsof
NASA TL X aswell asoverall weighted wor kload despiteafairly high inter nal consistency amongst the congtituent
dimensionsof NASA TL X asdiscer ned through Cronbach’sAlpha. In conclusion, NASATL X scoresdid conform
toobjectively defined task difficulty and demands. Also, the scoresprovided somediagnosticinfor mation regar ding
thesourceof load in thetask. Resultssupport thecontention that subjectiveverbal reportsdo constitutelegitimate
psychological data. Workload derived from subjectivemeasur es(such asNASA TL X) isnot sensitiveenough tobe
affected by small deficitsin theworking memory during short term exposur eto mild to moder atehypoxia.
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Mental workload is a concept employed for
prototype and system evaluation [1]. Despite lack
of auniversaly accepted definition and imperfection
in assessment techniques, researchers have found
measuring mental workload to be useful. Federa
AviationAdministration (FAA) and European Joint
Airworthiness Regulations (JAR) have specified
that aformal mental workload assessment must be
conducted as part of the certification procedurefor
al new aircraft and subsequent to any modifications
[2]. However, the authoritiesremain ‘ delightfully
vague' regarding itsmethodology [3].

The measures of mental workload assessment
should be unobtrusive, reliable, sensitiveto awide
range of variations and diagnostic with respect to
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changein demand. A number of psychological and
physiological toolshavebeentried for the eval uation
of mental workload. However, no tool has, so far,
been made available to meet all these qualitative
requirements [4, 5] and researchers mostly use
subjective indices for the purpose. This is due to
their high face validity, simplicity, sensitivity to a
variety of work conditions, user acceptance and
ease of administration. The subjective indices can
be uni-dimensional or multi-dimensional. NASA
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Task Load Index (NASA TL X) isone such measure
which evaluates workload on six dimensions viz.
mental demands, physical demands, temporal
demands, own performance, effort and frustration.

Thereisevidencein theliteratureto conceive
that hypoxiaaffects certain higher mental functions
[6-21] which in turn may affect some of the
constituent dimensions of NASA TLX. Hence,
NASA TLX may be affected in hypoxia which is
one of the stressors most commonly encountered
in aviation. Despite technical advancements,
exposureto mild/moderate hypoxiaiscommonplace.

Federal Aviation Regulation (FAR) 91.211
prescribes requirement of supplemental oxygen for
the pilotsin general aviation only above 12,500 ft
Mean Sea Level (MSL). Directorate General of
Civil Aviation (DGCA) regulations also permits
unrestricted flying up to 10,000 ft without
supplemental oxygen and flying for 30 minutes
without oxygen supplementation between 10,000 ft
and 13,000 ft [22]. Hypoxic exposures can aso
occur dueto aninboard leak (i.e. aleak of cabinair
into the mask cavity).

Exposure to mild hypoxic insult is known to
affect mood state [7, 17], cognitive attributes
[8,10,11,12,16,17] and working memory [9,17]. Itis
also conceived to have an effect on time estimation
due to an indirect modulation through an increase
in heart rate [20,21].

It would be reasonable to infer that mental
workload and handling qualities of an aircraft
(workload indices are often used to characterise
the handling qualities of an aircraft) as assessed
using subjective workload indices are liable to
variation on exposure to hypoxia which occurs
commonly during flying.

The present study examined the effect of mild
to moderate hypoxia on performance and on one
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or more of the six congtituent dimensionsof NASA
TLX in a PC based task involving visuo-spatial
working memory with two levels of difficulty on
the ground level (Bangalore: 3,159 ft AMSL) and
at 10,000 ft and 15,000 ft ssimulated in an atitude
chamber.

Materialsand Methods

Experiment Design: It was a‘within subject
(repeated measure)’ design wherein each subject
was examined six times viz. at ground level, at
10,000 ft and 15,000 ft simul ated altitudes breathing
air with two task variants depending upon the
difficulty levelsi.e.‘ Difficult’ and‘Easy’ ones. Both
easy and difficult tasks were administered three
times (under normoxia, hypoxia 10,000 ft and
hypoxia 15,000 ft conditions).The subjects were
randomly allocated to one of thefour groupswhich
weredefined according to the sequences of hypoxia
exposure and the difficulty of task administered.
Four subjects were allocated, at random, to a
particular sequence. In each sequence, task
administration was counterbalanced for the two
difficulty levelsaswell astwo altitudes.

bjects: 16 male subjects (Age 2915 yr;
Height 174+9 cm; Weight 77+14 Kg) participated
in the study. The subjects were essentialy low
landers and were ascertained to be healthy through
history and clinical examination. The experimental
protocol and risksinvolved were explained to them
and a written consent was obtained. Ability to
ventilate middle ears was ensured through the
examination of ears for the mobility of tympanic
membraneswith theVVal salvamanoeuvre on ground
and a standard ‘ear clearance’ run.

Experimentation: Experiment was
conducted in the decompression chamber installed
at the Department of High Altitude Physiology and
Hyperbaric Medicine at Institute of Aerospace
Medicine, Bangalore, at the same time of the day,
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(between 1300 h and 1600 h) to avoid circadian
variations in the performance. Every subject was
asked to practice the working memory task at least
twicefor 5 minutes (at ground level). Thisstabilized
the performance of the subject and made him
familiar with the test procedure. Difficulty in the
tasks was varied through manipulations in task
attributes. Each subject performed the working
memory task (easy or difficult) which was
immediately followed by estimation of mental
workload in performing that task usng NASA TLX
at ground level and then at simulated altitude. Once
the desired altitude (10,000 ft or 15,000 ft) was
attained, the task was performed after an interval
of 15 minutes. At least 72 hr gap was ensured
between the two recordings in the same subject.

Working Memory Task: A PC based ‘Visuo-
gpatial Working Memory Task’ was administered.
Inthetask, the subject wasasked to identify atarget
stimulusin an array of similar stimuli. The stimuli
were one of the 90 geometrical figures of different
shapes. Size of these geometrical figures was
approximately 3.75 cm x 2.5 cm. The array
comprised of 4 such stimuli (2 ontheright and 2to
the left) arranged horizontally with inter-stimulus
separation of approximately 1.25 cm. One of these
stimuli might/might not be thetarget stimulus. The
subject was asked to respond, by different key
presses, if the target appeared on the right or on
theleft of thearray or it did not appear inthe array
at al. There were two unique features of the task;
first, the subject had to wait till the disappearance
of both target and array before executing aresponse
(otherwise the response was not accepted by the
programme) and secondly, the next target appeared
only when the subject had responded. All
occurrenceswere kept equi-probable. Thedifficulty
of thetask was varied by manipulating theintrinsic
task attributes. Characteristics of the two task
variants are given as below in Table 1.
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Tablel: Characteristicsof thetask

Task Attributes Easy Task Difficult Task

Pre-target Delay 500ms 500ms
Exposure Time of

Target 500ms 200ms
PreArray Delay 500ms 500ms
ExposureTimeArray ~ 1000ms 400ms
Inter-stimulus Delay 500 ms 500ms

Estimation of Mental Workload [23]. The
NASA TLX is a two-part evaluation procedure
consisting of both weights and ratings. Three
separate computer programsareused: ‘WEIGHTS
is used to collect weights; ‘RATINGS is used to
collect ratings; and * COMBINE’ isused to combine
them into an overall weighted workload score. The
first requirement isto obtain numerical ratings for
each scale that reflect the magnitude of that factor
in the given Working Memory Task. The
‘RATINGS program presentsthe six scaleson the
monitor. Subjects respond by marking each scale
at the desired location, using the mouse of the
computer. Each scaleis presented asalinedivided
into 20 equal intervals anchored by bipolar
descriptors(e.g. High/Low). Ratingswere obtained
following the entire task.

The subjects then evaluated the contribution
of each factor (its weight) to the workload of the
task. These weights account for two potential
sources of between-rater variability: differencesin
workload definition between raterswithintasksand
differences in the sources of workload between
tasks. In addition the weights themselves provide
diagnostic information about the nature of the
workload imposed by thetask. Thereare 15 possible
pair-wise comparisons of the six scales. The
‘WEIGHTS' program presents each pair to the
subject on the monitor. Subjects select the member
from each pair that contributed moreto theworkload
of that task. The computer tallies the number of
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timesthat each factor was selected. Thetalliescan
range from O (not relevant) to 5 (more important
than any other factor). The*COMBINE’ program
then computesthe overall workload scorefor each
subject by multiplying each rating by the weight
given to that factor by that subject. The sum of the
weighted ratingsfor each task isdivided by 15 (the
sum of the weights).

Satistical Analysis: Normality of the
distribution of the datawas examined using Shapiro
Wilk’s Test. A two way analysis of variance
(ANOVA) was employed. The two factors were
difficulty (with 2 levelsviz. easy and difficult) and
altitude (with 3 levelsviz. ground level, 10,000 ft
and 15,000 ft). Level of significancewasset at p <
0.05. Additionally, reliahility analysiswas also done
and Chronbach’s &a was calculated to examine the
internal consistency amongst the ‘ratings’ of the
constituent dimensions of NASA TLX. For the
scalesthat are used for research tools (like NASA
TLX), a value of 0.7 to 0.8 was regarded
satisfactory [24].
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Results

Thereaction timeand accuracy intheworking
memory task exhibited significant effect of task
difficulty (F=17.417,p=0.001& F=177.245; p=
3.14E-09 respectively). Significant effect of hypoxia
wasobservedin reaction time (F = 3.883; p=0.033)
but not in accuracy (F = 0.341; p = 0.714). An
insignificant interaction effect was seen between
task difficulty and altitude on accuracy and reaction
time(Fig. 1).

Theratingson all dimensionsof NASA TLX
(except Frustration) exhibited significant effect of
task difficulty (Fig. 2). No significant effect of task
difficulty was observed on weights. A significant
effect of task difficulty was observed in weighted
workload in only mental demands (F=12.203; p=
0.003), temporal demands (F = 3.547; p = 0.079),
own performance (F = 6.065; p = 0.026) and effort
(F=6.295; p=0.024) (Fig. 3).

On the other hand, no significant effect of
hypoxia was observed in ratings, weights and
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Fig. 1: PercentageAccuracy and Reaction Timein easy and difficult task variantsasafunction of altitude
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Fig. 2: ‘Ratings in the Six Congtituent Dimensionsof NASA TL X
(Note: Barsarethemean valuesand error barsrepresent + 1 SD)

weighted workload in any of the dimensions of
NASA TLX aswell as overall weighted workload

(Fig. 4).

Discussion

The present study was conducted withanaim
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to examine the effect of hypobaric hypoxiaon the
subjective perception of mental workload. To
accomplish this, mental workload was assessed
using amulti-dimensional subjectiveindex (NASA
Task Load Index) during engagement of 16 subjects
in aPC based task at ground level aswell asat two
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Fig. 3: Weightsin the Six Constituent Dimensionsof NASATL X
(Note: Barsarethemean valuesand error barsrepresent + 1 SD)

atitudes (10,000 ft and 15,000 ft) simulated in a
Explosive Decompression Chamber (EDC). The
abovetask is established to have alocus of load on
visuo-spatia working memory whichisrecognizable
by NASA TLX [25]. Twotask variantswith varying
difficulty levels were chosen for the study so that
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the data could be submitted to an * Additive Factor
Analysis paradigm of Sternberg [26]. This was
done with the aim to examine whether the effects
of hypoxia and task difficulty were additive or
interactive.

In view of the established effects of hypoxia
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Fig. 4: Overall Weighted Workload usng NASATL X
(Note: Barsarethemean valuesand error bars
represent + 1SD)

on many of these dimensions, either directly or
indirectly, it was hypothesized that the workload
assessment using NASA TLX would be affected
under hypobaric hypoxia.

Onanaysisof intrinsic task attributes and task
performance, it was found that difficulty/memory
load in the difficult task variant was increased by
decreasing the exposure time of target and array
to 40% of the corresponding valuesin the easy task.
Pre-target delay and inter-stimulus delay was not
changed. Thismanipul ation amountsto an effective
degradation of stimulus quality and absence of
preview — the two variables reported to increase
the task difficulty [27]. Target and array in these
tasks inflict concurrent load on working memory
and therefore can be considered analogous to
classical ‘concurrent working memory load
methods'. Recall of target is influenced by the
viability of rehearsal intheearly retentioninterval.
A much reduced exposuretimein the difficult task
permitted lesstimefor such rehearsalsand resulted
in a significant main effect of task difficulty on
accuracy. The accuracy, however, did not exhibit a
significant main effect of hypoxia. Interaction effect
between hypoxia and task difficulty was also
insignificant. The last two effectsindicate that the
effect of task difficulty wasnot modified by hypoxia
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On the other hand, reaction time exhibited
significant effect of both task difficulty aswell as
hypoxia. However, there was no interaction effect.
Thus, reaction time was significantly reduced in
difficult task as compared to the easy one. It a'so
reduced significantly with altitude hypoxia. The
reduction in reaction time with task difficulty and
hypoxia may appear to be strange at the first
instance. In a classical experimental paradigm,
reaction time should have increased with hypoxia
and task difficulty. The above paradox is however,
intelligibleinthelight of certain task characteristics
which areinherent to thetask used inthisstudy. As
explained earlier, target and array in these tasks
inflicted concurrent load on working memory
analogous to classical ‘Concurrent Working
Memory Load Paradigm’. Any kind of degradation
inthe stimulus quality (exposuretimein the present
study) and/or adeficit intheworking memory (under
the effect of hypoxiain the present study) amounted
to an effective increase in the concurrent load on
the working memory affecting the viability of
rehearsal in the early retention interval. In such a
‘concurrent memory load’ type of situation,
accuracy is adversely affected with anincreasein
thetimefor which the above stimuli (target and the
array competing for the identical cognitive
resources) are retained [28, 29, 30]. Therefore, in
order to maintain accuracy, subjects tended to
respond more promptly with anincreasein thetask
difficulty and under the conditionsof hypoxiawhich
isknown to cause adeficit in the working memory

[9].

It is noteworthy that accuracy exhibited a
significant reduction with task difficulty. However,
it was preserved under hypoxia with a change in
the performance strategy which necessitated a
significant change in the reaction time. Therefore,
preservation of accuracy under the influence of
hypoxiain the present study can not be viewed as
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alack of effect of hypoxiaonthetask performance.
Resultsdo suggest adeficit occurring intheworking
memory under the condition of hypobaric hypoxia
and it was manifest at 15,000 ft but not at 10,000 ft.
Thisisin consonance with many studieswhich have
attempted to examinethe effect of mild hypoxiaon
working memory. Both storage and retrieval of
information in theworking memory arereportedto
be affected under hypobaric hypoxia[9]. However,
the experiment design in the present study does not
permit to infer as to whether storage or retrieva
was affected under hypoxia. In any case, it was
not the primary objective of the study.

Nonetheless, an insignificant interaction effect
between task difficulty and altitude on reactiontime,
seen in the light of ‘ Additive Factors Method' of
Sternberg [26] suggeststhat theinfluence of hypoxia
andtask difficulty isadditive and affect two different
stages in the human information processing.

Scores in NASA TLX: NASA TLX scores
did conform to objectively defined task difficulty
and demands. Further, the scores provided some
diagnostic information regarding the source of load
in the task.

However, there was no significant effect of
mild to moderate hypoxiaon theratings, weightsor
weighted load in any of thesix dimensionsof NASA
TLX. It may seem paradoxical at thefirst instance
because there was a definite deficit in working
memory under moderate hypoxia as evident from
theresults of performancein the Working Memory
Task (vide supra). This apparent ambiguity can be
understood in view of the controversy which exists
even on date, regarding the value of such verbal
reports like NASA TLX, to be considered as
legitimate psychological data. Thisapproach raises
the issue of the extent to which humans are
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consciously aware of the information processing.
Nisbett and Wilson opined that there was amost
No conscious awareness of perceptual or memory
processes [31]. On the contrary, Ericsson and
Simon strongly argued that verbal reports constitute
legitimate data. They suggested that subjectswere
ableto report on theinformation heeded in working
memory and that the inaccurate reports resulted
from requesting information which was not directly
heeded [32]. Also, researchers on subjective mental
workload indicate that humans have some
underlying quantifiable representation of mental
workload [33]. Term ‘Primary Memory’ has been
used to describe a form of Short Term Memory
(STM) equivalent to the contents of consciousness.
Thus, it is expected that workload created by tasks
involving STM may be accessible to subjective
report even if other aspects of mental workload
are not [34]. However, because of limitations of
verbal report, subjective measurements of mental
workload do not, necessarily, include all the
information relevant to mental workload [35].

Eventhough, it wasnot the primary objective
of the study, its results do throw some light on the
validity of NASATLX. Verbal reports, intheform
of NASA TL X, congtitute | egitimate psychol ogical
data as apparent from the values of Cronbach’s
Alphasuggesting an excellent internal consistency
[24]. Nonetheless, it does not pari passu, establish
the sengitivity of the scale. Deficit in the working
memory during exposure to moderate hypobaric
hypoxia seems to be too subtle to be detected
through NASA TLX. Or else, the subjective
perception could have been clouded by certain
amount of ‘euphoria which occurs during such
hypoxic exposure. The time frame in which the
effects of hypoxia on NASA TLX were studied
and other evidence availableintheliteratureismore
in favour of the former.
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Concluson

The present study examined the effect of short
term exposure (15 minutes) of mild and moderate
hypobaric hypoxia (10,000 ft and 15,000 ft smul ated
altitudes, respectively) on the subjective perception
of mental workload measured with NASA TLX
during engagement of 16 healthy male volunteers
inaworking memory task with two difficulty levels.
Moderate hypoxia had a significant effect on task
performance. However, subjective perception of
mental workload remained unaffected. It was
despite afairly high internal consistency amongst
the constituent dimensions of NASA TLX as
discerned through Cronbach’sAlpha. Results of the
study lend support to the contention that subjective
verbal reportsdo congtitute | egitimate psychol ogica
data. However, workload indices derived from such
reports are not sensitive enough to be affected by
small deficitsin the working memory during short
term exposure to mild to moderate hypoxia.
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