Psychological and Electroencephalographic Changes
with Aging in Relation to Aircrew Performance
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The study was aimed al identifying any paecep-
tible difference in cerlain selected percepluomotor
and cognitive functions amongst some preselected
age groups, viz, 20-34 yrs, 35-40 yrs and 4 1-55 yrs.
All the subjects were administered suitable psycholo-
gical  tesis, Their efectroencephalograms were
recorded in the resting awake stale as well as undar
provocation, The higher age group showed a
sﬁ;rm‘f.‘canr sfowness to respond whare speed of
performance was & main factor  Cognitive functians,
psychophysiological  indices and  Hight oriented
psychomotor tests did not  discriminate  belween
different age groups.  In the higher age group, alpha
index showed a significant decrement snd alphs
altenuation following visual stimulalion was poorer.

S&EALMS of childliood have been surveyesd
and chartered extensivaly by Freud, Spock and
Piage™. Erikson mapped the adolsscent crisis and
tha different life stages of man®. However, sl these
stidies and philosophical approaches wers over-
lpaded with a concem for the social, psychological
or personality aspects of the individuals, Studiss on
the effects of aging on perceptuccegnitive and
psychomotor functions have been few and far
between. The main difficulty is that aging itself de-
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fies definition, Since the process is hoth insidious
and progressive, accompanying changes in physical
and mantal functions tend to be irregular and vanable
tor each individualt, Nevertheless, it is well known
that chranological aging produces a decline in certain
psychologieal functions although improvements in
certain other functions also have been reported,
There has been much evidence, however, 1o show
that at a particular paint in the chronological scale
performance  efficiency starts declining.,  Hayflick?
put this figure at 30 years which for all purposes
could be of only theoretical imporiance, The pro-
blem becomes more complicated since different
countries have different and widely wvaried [ife ex-
pectancies. This factor makes the fermulation of an
universally acceptabla norm difficult,

Aim of Study

bost of the studies pertaining to aging centre
around the ‘“really” aged subjects, The aim of this
study was somewhat restricted,. |t was not geranto-
logical or geriatric in itz emphasis. The aim was
to find out if thare axisted a perceptible difference in
cartain  salected perceptuomaotor  and  cognitive
functions amangst some preselected age groups, viz,,
20 to 34 years, 35 1o 40 years and 41 to 55 years.
The functions chosan were principally relevant to
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fiving: The question whether decline. if any.
in @ particular function is detrimental to flying success
iz largely hypothetical because it is the intagrated
whole of all the functions covering canalive, affec-
tive, cognitive and physical aspects of the man that
decides efficiency in any field of activity.
it iz safe to assume that a significant decline in a
particular vital function could serva as 3 sufficiant
warning to the flier even If be has not been involved

Howaver,

in any incident so tar.
Method and Materials

Three sets of bealthy male subjects  belonging
1o 3 age groups, viz., 20 to 34, 35 to 40 and 41 10
BE yeHrs consthiuted the sample. The sducational
qualifications of these subjects ware widely varied as
were thelr experiences in diffterent disciplines of
work, The samp'e included military aircrew, ground
duly personnel including the staff of the Institute of
Aviation Medicine {IAM) Bengalore, and an Airline
Pilot (in the Lighest age group).  As the study was
intended to be a cross sectional one. the same set
of subjects was rot taken for all the test situations
although certain subjects were commen for all the
jaste.  Electroencephalograms (EEG) of all the
subjects were recorded and they were administered

the following psychological tests,

Psychological Tests

(FFF).
critical fusion fre-
guency find out the
ps?{.huphysmluginal the in-
dividual'®  Threa readings were  taken for
each subjerct and the averags flicksr rate
per second of these resdings constituted
the score.  Higher the Tircksr rate, bettsr
the functionsl status of the subjact

Fusinn Fragusncy Test
tha classical

test employed to

Elicker
This is

[a)

status  of

Choice Resctien Time Test (CRTT). This
is the 1AM varsion of the clgssical choice
reaction time test wheare variously coloursd
visual stimull were presented to the left
hand snd right hand sides of the subject
and the subject was expected 1o
execule the response with both the
hands alternatively. The subject’s reaction

(b}
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time was racordad on a chronoscope
millisaconds.  Six readings, 3 tor ea
side, ware taken for each subject. T
averaga time in millisecands foomad f
reaction time.  Lower the time better t

parformancs.

The ahova 2 tests were intendsd to Aseess t

psychophysiological status of the individual,

ci  Oigit Symibol  Swhstitution  Test (D55
This test is part of Wechsler Adult Intz
gence Scale (WAISY'™ Tha stardard e
down procedurs of giving ore mark
one  correct substitution  was adopte
Higher the score, better the parformand

dl  Block Design (B£). This |5 a constitue
af Bhatia's Battary of Performance Tests
Intelligence'.  Standard time based sco
ing procedure was used, Highor the s6o
bettar the performance,

8) Paired Associate Learning (PAL). Th
test farms part of the Wechsler Mamo
Scale Form 'Y, The number al corrg
recell after three presentations of tf
stimuli divided by 2 formad tha scor
Higher the score, better the lsarnir
ability.

Fercaptual Spead Test (PST), This test
intended to measure the speed of pe
ception of a complex detail'®, 2, Tt
numbear of correct answers wilhin th
stipulated time constituted the scon
Higher the score, better the performance

(f)

g) fmmediate Memoary Span Test ({MST,
This is the digit memory span test stan
dardised by Bhatial. The number o
digits correctly reproduced {in 3 attempts
formed. the score. Higher the scaore
petter the memory span,

The above five tests (¢ 1o g) generally dsses:
the percaptua-cognitive areas.

hYy Spatial Orientation Test (SOT). This is
one of the Flight Oriented tests whick
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Sixteen stimulus diagrams wara presented
to the subjects and the number of correct
iusponses was taken as the score.  Higher
the scoie, better the performance,

il NARC Stressfyser. This is a subject paced
step input pursuit trecking tesk used to
measure psychomotor skill*, The averags
total rezporse time of wials calculated in
seconds fo:med the score,  Lower the

time, better the performance.

k) Flight Oriented Psychomotor Test (FOPT).
This Higlt oriented psychomotor  test was
designed and fabricated at |AM and found
usetul in many areas ol research whers
psychomotor  skill was  studied’. The
average time (in seconds) of the last
10 trisls constitutcd the score.  Lower
the time, better the performanca

The abiove 3 tests (h, jand k) were flight
ariented types and as such were included in this

siudy,
Electroencephalographic (EEG) Studies.

Thirty healthy subjects in the selacted age
groups were chosen for this study, A 16 channel EEG
of each subject was recorded on a Grass Model-6
Electroencephalograph in the resting awake state as
well as under provocativea messures like hyperventi-
lation and photic stimulation. The electrode place-
ment was done as per the 10-20 system. Bipolar
and monopolar montages were selected for the recor-
ding, AP and transverse runs were done in 1he
bi_pf:-lar montages. The records were analysed
visually.

Paired ‘1" test for the significance of the diffe-
rences betwesn the groups and the x* method
were usad wherever applicable,

Results

Tha results are projectad i tables | to V.
Table-1 shows that there is no significant difference
amongst the different age groups with respect to

flicker fusion frequency and choice reaction time.

Table || shows that the highsest age group gives lower
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nusess ones ability to orientate in space'l

parformanca in paroceptual speed compared 1o the
DEST. BD and PAL revealed
no significant information. Much the same can be
said about digit span memory also, The memory
span, while adeguate, was slightly |ower for the
higher age group as compared to that for the
younger qgroup.

youngest group.

Table 1Y shows that the performance of the
higher age group on the tests, viz., spatial onent-
ation test and NRC stressalyser was ot a  significantly
lower level compared to their younger colleagues.

Table WV shows that there (s a signiticant de-
crease in Alpha Index with increase in age. Alpha
Bltenuation in response 1o visual stimulation wag
poarer in the higher age group.

Discussion

From Table | it is seen that Flicker Fusion
Frequency does not discriminate hetwean ditferent
age groups. A low FFF threshold is assumed to
result both from pre-retinal factors  (thickening of
lens) and central factors (stimulus persistence in the
However, these factors do not sesmto
have contributed adversely to the older age group
taken for this study. Possibly, these subjects were
not old enough to be afflicted by any of the above
conditions. Almost similar results wera found with
regard to cholce reaction time also. Here again
statistically, the highest age group stands at par with
the others, although in absolute terms this group
suffers. The lack of statistical significance may be
due to the wide wvariability of the scores in sach
group. It is a widely beliaved fact that old age
brings in & slowness of activity, As the reaction
time (RT) measured here could probably have
included portion of the execution time also, in the
overall task contaxt, the delineation of RT as such
was difficult.  Hence, not much meaningful con-
clusion can be drawn from the results. Interestingly,
average RT of all age groups was found to be within
generally accepted normal limit, i.e., hetween 200
and 300 milliseconds.

neurons).

Digit symbol substitution test (table I} iza
cognitively loaded test which involves & largs
ameunt of comprshension and some motor ability.
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TABLE-I

Mean and standard deviation (5d) values and the significance of
difference batweaan the groups

I I i Mean difference between
Age Group 20—-34 yrs 35—40 vrs 41—E55 yrs the age groups and
n n n thair sigl}ificance
mean mean mean ("1 test
LE L Sd Sd Sd
FFF* 20 14 11 1~ + 0.01 NS
33.55 33.56 33.36 =1l 0.20 NS
3,13 327 2.68 I~ — 019 NS
CRT T 14 11 9 I~ 11.01 N&
23671 246.72 271.00 Hi~II 24.28 NS
43.08 46.72 44.92 l~I11 35.29 NS
**EFF  : Flicker Fusion Frequenoy test—Higher the score, better the parformance,
*&"RTT : Choice Reaction Time Test—Lower the score, bettar the performance.
TABLE-II
Mean, standard deviation (Sd) and the significance of difference
hetweaan the differant sge griups
A Grou | I 11 Mean difference balween the
ae . 20—34 yis 35—40 yrs 41—55 yrs age groups and thair
n n n significance ("1 test)
mean mesn mean
et sd Sd Sd
12 10 3 | ~1 — 1.63 NS
D&ST* 5983 58,30 656.22 I~ Il — 261 NS
6.50 6.27 885 I~ Il — 5,14 NS
14 i1 10 |~ 11 | 0.63 NS
BD** 16.64 17.27 16.20 Il ~ 1l — 1.07 NS
253 3.26 297 I~ |[l — .44 NS
13 11 a 1~ 1l 4+ 021 NS
PALY S 11.88 12 08 10.72 I~ [l — 137 NS
1.6G 1.85 203 | — Il — 1.16 NS
15 10 — N [~ 1l — 8468 NS
PaTrEe? 65 26 56,80 50,36 I~ 11l — 644 NS
13.68 7.05 337 | ~ 11 — 14.90 (P ~ 00
Nota: a) * DSST — Digit Syimbol Substitution Test

** B0 - Block Deslgn
*xx pAl  — Paired Associate Learning
*&£% poT Perceptual Speed Test

b} Higher the score, better the performance in all the tests.
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TABEL—11I
Immediate Memory Span  Digits )

Age groups and n

veen
Digit 1 " il
Span 20 — 34 yrs 35 — 40 yrs 41 — 65 yrs
= n=10 n=39
NS = -
NS MNa, of subjects who obtained the particular digits span
NS
N o 5 1 2 2
NS
L NS ] 3 3 5
NS ;
7 3 d 1
. 8 3 1 1
[+ Z 1 e
Note : Higher the digit span, better the shart term memory.
TABLE—IV
F Mean and Sd values and the significence of
diffarance batwean the groups
Age Group I 1 [ Mean difference between
—— 20—34 yrs 35—40 yis 41—55 yrs age group and their
n n n significance
Test mearn mean mean
Sd Sd Sd ("t test)
R 13 1 g I = Il —0.84 NS
so1" 10.69 8.75 g1 = 1l —1.64 NS
2.28 2.66 2.26 | ~ Nl —2.58 {P=0.05)
| - =
( 21 11 14 | —~ 11 0.B3 NS
FOPRT** : 12.08 12.68 13.18 It~ Il 0,50 NS
‘ 289 20z 3.09 I~ Il 1.13 NS
| —=
NRC 10 g 10 e Il 5:20 NG
144 80 150.00 168.44 N~ Nl 1844 {P<Z0.01}
0.01) Stressalyser*** | 10.48 11.80 10.35 I ~ I 23.64 (P<20.001)
i Note : *50T — Spatial Orientation Test. Highar the score better the performance.

NOINE
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$LEOPT
performance,
#44| nwer the score {1ime), better the performance.

Flight Oriented Psychemaotor Test, The lower the score, better the



TABLE—V

Electroencephalographic Changes

| 1 i Differance in alpha indax
20 — 34 yrs 35 — 40 yrs 41 — b5 yrs betwean the groups and
n= 14 n=7 n=29 their significance
Frequency
rENge in 10— 11 11 — 12 12 — 125
Hz
Amplituda
rangs in 45 — BO 40 — 45 35 — 40
mv
Alpha Index 80 Fi: 55 |~ Il — :I MS
with Sd - 16 -+ 26 a7 o 1 — 24*
*Daspite the megnitude of difference (—24) batween the 11 and 1l | ~ 1l — 26 (P <<0.01)

group the difference was not statistically significant owing ta the
high variances in mean values.

Type of alpha rhythm
{number of subjects in each group)

I 1] i )

Wall defined 10 & 2
Fairly o 1 2 P
Poorly ., 3 1 5
Response to visual stimulus

{number of subjects in each group)

I 1 Rl
Good 10 3 2 X — 851 (P < 0.05)
Fair 2 3 1 with 4 d.f.
Foor 2 1 5

Mo group difference was seen in the results of this
test, although cognitive functions are assumed to be
affected by &ge. Another cognitive test — block
design {table—I1) bears the fact that subjects select-
ed for this studv were generally of an equal mantal
calibre in spite of the wide disparity in their educa-
tional achievements, Like the substitutional ahility of
abstract  symbols the analvtical and integrative
aspects involved in the perfermance of block design
also formed part of that composite ability called
intelligence.

2B

Paired associate learning {(Table-11) reveals ng
sigmficant age discrimination. The same is somewhal
trua in the case of digit span memory also (table |11},
Although in absolute tarms the highﬂrngﬂgrﬁhp hatl a
lower memaory span, it was well within the acceptable
limits. 1t is hardly disputaible that the resulls of the
laboratory studies and everyday social experience
show that memory declines with old age. Does the
learning abilily also suffer the same fate? Ina
laboratory  siluation  leaming and  memory are
intertwinad (n such a way (hat without the aid of
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the other one cannot be studied, Possibly with &
"really'’ aged group we may sea a performance
decline, Of course, the area isa controversial one
bacause while Gilbert® and Botwnick® reported a dec-
ling in parformance with age, workers like Canestrard
and Elsdorfer f af" controverted the above findings.
The results of perceptual speed indicate that the
highest age group tums in a significantly lower per-
formance {P<20.01) compared 1o the youngest group,
This test asaesses, emong other things, the Ganeral
Speed Factor of Intelligence’, The question whether
the older subjects took more time in verifying the
accuracy of tems concerned or in the actual motor
function of writing down the answaers s difficult 10
oxplain.

The oldest age group shows & significantly
(P0=.05) lowsr parformance compared to  the
youngest group in the Spatial Onentation test (table-
IV} This pattern of results is somewhat intriguing
because orlentation ahility itsell is  amenable to
leaming and experience and, as such, the oldest
age: group is expected to perform better. The test
slituatien was one of a rapidly changing stimulus
enviranment and, thercfore, a reluctance 1o vantura in
1o response —cauliousness— could result in carelul
behaviour and this could possibly have slowed ddawn
the performance of the older age group. ‘Welford=
cited this cautiousness as @ characteristic of old age.
it would, therefore, be slightly hazardous to hypo-
thesize that old age affects spatial orientztion ability
par s2 although the end result of a test situation may
make it appear so.

Age seems fo have affecied the performancs
of the NRC sitessalyser. HMers, the differences in
averaye total response time {(THT) taksn betwsen
the vyoungest and oldest groups, and betwesn
the middle group and the highest group have been
highly sianificant (P <Z0.001 and 0.01 respectively).
TRT iz canstiluted by its components — reaction
time, movemeant tima, overshoot correction time and
arror correction tim2.  Which specific parameter of
tha test has been affected by age, is difficult to el
However, from the earlier resulls of choice reaction
time test, it is seen that there exists no significant
difference between the groups. Then the slowness
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n the perfarmance of this test could have occuned
in other spheres, One possible factor may be the
srrof correction time which is largely contributed by
the signal  position probability. Cautiousness in
venturing in to response has bean seen as a charac-
taristic of old age. Calculating the odds in the signal
probability cauld have beon affected by this cautious-
ness which Korchin and Bazowitz!! have called
"recognition inadequacy’’,

Flight oriented psychomotor test does not
discriminate betwean the groups.

There is a statistically significant decrease in
alpha index in EEG of the highest age group when
compared in the youngest group (table V). This
phenomenon |s samewhat difficult to explain, for ags
and maturity are expected to level off soma of the
ups and downs in the emotional status  of the indivi-
duals and bring in mote relaxation with its indicant
alpha. It is possible that the elderly age group taken
for this study might have to cope up with graater
stresses and strains of day-to-day life compared to
their youngar colleagues, Alpha blocking response to
light and eye opening, decreasas with age In normal
subjects™ as well as in psychiatric patiants 1, @
Our findings of significant difference (P <20.05)
among the higher age groups in allenvation of
response  wvisual  stimulation (poorer attenuation
in the higher age group) ars, therefore, in agreement
with others’ findings. In  other words, response
to visual stimulation is not equally distributed amang
the 3 age groups, although asignificantly higher
proportion of poor response (X = 8.51 with 4 d f—
sigrificant at 5% lavel). Nao subjects showed slow
wave response 1o hyperventilation and no change
was seen inresponss to photic stimulation in majo-
rity of the Ccaces.

Conclusians

a) The higher age group showed a significant
slowness to respond to some stimulus
gnvirenment where speed of pecformance
was a main factor. The lowering of ability
Yis-a-vis advancing age has been ssenin
arientation, perception of a complex detail
and the finer psychomotor skills as involved
in the performance of NRC stressalyser.
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b} Cognitive functions like analytical and inte-
grative ability. comprehension. assoclate
learning and memory span do not seem 1o be
affected by aging atleast within the context

of this study.

Psychophysiological Indices like flicker
fusion frequency and chaoice reaction time do
not discriminate  between different age

groups.

d) Flight oriented psychomotor test gives aff

na significant information regarding aging.

A statistically significant decrement in the
alpha index has been naticed in the higher
age group,

e)

fi  Alpha attenuation in response to visual st-

mulation was poorer n the higher age

qroup.

The slowness to respond abserved in the
performance of certain tests by the higher

age group might not be of any neural origin.

It could be due 1o an inability to take deci-
sion lest that decision should go wrong.

o)

Referencas

1

28

Bhatia, CM. Porformance tests of intelligence under Indian
conditions. Quxford University Press.

Botwnick, J. Behavioural process. Aging. Vel 2 (Ed)
Gershon, § and Raskin, A. Raven Press (L), New Yark,
pp 1—18, 1975

Buck, L. Skilled performance an the NRC stressalyger,
Laboraiory lech report, LTR—DE-120, 1972

Paced and zelf paced
J Gzromiol, 15

Canpstrarl, JB (ciied in ref. No. 23
legrning in young and-elderly adulls
185 —168, 1863,

Chatterjes, PC, Humar, ¥V, Bancries, KR, Ramachandran,
Mand Gupts, JK. Design, fabrication and utility of 2 fiight
arienisd perormance tesi. Aviation Medicine 23 : 10-13, 1979,

Elkind, D. Hew York Times Cumpany {zited in 1ot Nio. 19
pp 108—168), 1870,

Eizdorfer, ©, Axelrod, Sand Wilkie, F. {eited In r2f. Ng. 2)

10,

11.

13.

15,

19

21,

—O—

Stimulus expasure time as a factar in saerlal learning
aned sampla. J Abnorm Soc Psychol. 87 ¢ G94—8600, 1943

Gilbert, JG. feited in ref. Moo 2) Memory lose in sand
cence.  J Abnorm Soo Poyohal. 86 ; 7986, 1841,

Havflick, L. The coell biology of human aging. Scienti
Amorican 242 1 42, 1680,

Harn, JL. Aging and Intelligence. Aging Vol. 2 Geraho
5 and Raskin, A, Ravon Pross (C) Mew York, pp 19—t
1975,

Kaorchin, %J and Bazowits, H. (cited in ref No. 2) A)
ditference in verbal learning. J Abnorm Soc Psyehol. 5
54-69, 1957.

. Kumar, ¥, Banerjee, KR, Chatleroes, PC, Ramachandi

N Kapur, RR, Natarajan, R, Raddy, 5G and Prabha,
Evaluation of haad lajury, cases In oirerow wilth [l
orignted perfarmanco AFMRE Projact Mo 7647
1878

testa.

Meinr.Ruga, Enz. A&, Gygox, P, Hunzikar, O, lwangorf,
and Reichimuior, K. Experimantal pathaolagy in hasior
goarch al the aging hraln, Aglng Yol, 2 (Ed) Gershan,
and Raskin, A Ravan Press. Naw York (C) pp 55-128, 1)

. Orama, E. Electraencephalography {0 old ago, Dominn

Alpha pottern, Eloctronnceph Clin Meuro FPhyslol, 2

409-497, 1966

Ramachandran, N, Prabha, ¥, Bumar, V. and Banerjee, K
Spatlal orlentation lest : Ifs wscan aviation.  Aviatls
Medicine 24 : 19, 1880,

Ramachandran, M and Banarjee, PR, Percepluomoalar pe
farmance under acule heal siress  TAM Dept. Proje
Report Wa. 108 /2/80,

_ Ramallngaswamy, P. Wechsler adult perfarmance intel

gance scale, Farm PR—1, Manasayan, 1974,
Rusinstein, 4 {Ed). Cited from Time Mews Magazine A
75 In Readings in Psychology 76/77, Tha Dushkin Puhlii:_f
ing group, ine. Slules Dock, Guilford, pp 191, 1976,

Verdeaus, . ¥erdeaux, J and Turmal J. Hand Eook
Electrosncaph Clin Meurophyslal. Fart A, Elegsern
Scient Publ, Co Amsterdam 278, 1961,

Wadhawan, JM, Dikshil, MB, Ramachandran, N, lyar, E
and Singh, MM, Talerance to avialion stresses afier yag
sxorclze — A psychophysiological evaluation,  Avlati
Medicing 24 : 68, 1980, '

Wettard, AT, feitad In ref. No. 23 Skill and age—§
sxparimental approach, Qxford University Press, Londo
1951,

AVIATION MEDICIN



