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ABSTRACT In a study of 33 commercial abalone divers from the Port Lincoln area of South Austra-
lia nervous system function was examined using a battery of neurobehavioural tests. Their per-

formance was compared with that of non-diver controls matched for age, sex, education level, job
type, language abilities, and cigarette and alcohol consumption. Abalone divers showed
significantly poorer vision, learning, and short term memory performance and increased tremor
relative to their controls. The reaction time of abalone divers, however, was as fast as or significantly
faster than that of controls but their error rates were much higher, indicating that abalone divers
were sacrificing speed for accuracy. Despite their apparent risk taking approach to these tests, the
performance of abalone divers suggests some impairment of nervous system function.

The effects of long term exposure to the underwater
environment such as is encountered by professional
divers are not well understood. Whereas the effects of
deep diving has attracted a considerable amount of
research attention' few studies have focused on the
long term effects of shallow water exposure.
One area in particular, the effect of long term

effects of repeated shallow water exposure on the ner-
vous system, is open to question. Even though there is
a significant amount of clinical and anecdotal evi-
dence that professional divers suffer damage to the
nervous system, neurological and behavioural func-
tion have not been examined systematically.
A few scattered reports have detailed the neu-

rological effects of decompression sickness. One of
the earliest described diffuse damage to a range of
areas in the nervous system as well as neurotic and
psychosomatic symptoms in caisson workers.2 Sub-
sequent work has shown that divers suffer similar ner-
vous system effects of decompression sickness.34
Neuropsychological testing showed that 90% ofcom-
mercial divers who reported at least one episode of
decompression illness affecting the central nervous
system had abnormalities compared with commercial
divers with no reported history of decompression
sickness, and it was concluded that central nervous
system disturbance after decompression sickness in
divers is more common than had been previously
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appreciated.4
There are several other potential causes of nervous

system damage in professional divers, the most
notable being air embolism and carbon monoxide
poisoning due to contaminated air. A study of the
effects of near-miss diving accidents mostly due to air
embolism' showed that these divers had poorer spa-
tial memory and complex sensory motor functions
compared both with divers who had no reported acci-
dents and non-divers. The effects of carbon monoxide
poisoning have not been studied in divers but there is
considerable evidence from other occupational
groups that even low level exposure to carbon mon-
oxide produces severe reductions in vigilance, some
visual functions, and time estimation abilities.6

Probably the nervous system is at risk in divers who
are exposed to these hazards. None of the studies con-
ducted to date, however, has attempted to ascertain
the extent of exposure or the circumstances that led
up to the damage nor to determine systematically
whether particular neurobehavioural functions are
being damaged.
The present study was an attempt to investigate

neurobehavioural function in a working group of
professional abalone divers. The tests used were from
a battery designed to investigate the effects of various
occupational hazards and has been successful in
detecting the neurobehavioural effects of occu-
pational exposure to inorganic mercury7 and inor-
ganic lead.8
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Method
DESCRIPTION OF PARTICIPANTS
Thirty three professional abalone divers were tested.
All were men from the Port Lincoln area of South
Australia. Twenty two were currently working and 11
were ex-divers. Of the ex-divers, most had only
recently given up diving and many still did relief
diving. Most of the group did casual work in conjunc-
tion with their diving such as fishing and farming
since they dived an average of only 91-8 days
(SD = 35 6) a year.
A group of 33 male non-divers were also tested for

comparison purposes. This control group was
matched with the diver group in terms of age, edu-
cation level, and their consumption of cigarettes and
alcohol. Virtually all members of both groups (100%
of divers, 91% controls) were either born in Australia
or had been residents for more than 15 years. Only
one participant, originally from Britain, had been a
resident for less than 10 years. So far as possible, the
control group was selected to match the jobs, both
diving and casual, of the diver group. For example, if
the diver also did a skilled job a skilled worker was
chosen as his control.

NEUROBEHAVIOURAL TESTS
The tests were chosen on the basis of information pro-
cessing theory9 and consisted of the following.

Criticalflicker fusion
Critical flicker fusion is a perceptual test in which a
critical flicker fusion (CFF) threshold is obtained for
each eye. An electronic device was used similar to that
described elsewhere.'0 Presentation of the light
source was by a descending method of limits."

Seven trials were presented to each eye. Each trial
began with the presentation of a steady light, the
switching frequency of which decreased at a constant
rate of 2 Hz/s until terminated by the subject pressing
a button, indicating first awareness of flicker. The
mean critical flicker fusion threshold value was calcu-
lated using the last five trials for each eye.

Hand steadiness
The hand steadiness test is a psychomotor coordi-
nation test. The apparatus used consisted of two
17 5 cm x 5 75 cm plates bolted on to a single perspex
back and held vertical at an adjustable height by a
retort stand. Each plate independently formed an
electric circuit when hit or touched by a stylus. The
subject was required to hold the stylus in a 5mm
diameter hole between the two plates with his arm
outstretched keeping it as steady as possible for one
minute. The number and duration of touches on
upper and lower plates were recorded independently
for the three consecutive 20 second periods.

Williamson, Clarke, Edmonds

Bourdon- Wiersma test
The Bourdon-Wiersma test is one of sustained atten-
tion and psychomotor speed.'2 The subject was
required to mark every group of four dots on a page
of 50 rows of 25 groups of three, four, or five dot
groups as quickly and as accurately as possible in five
minutes. The total number of groups examined (tar-
gets tracked) and the number of missed four dot
groups (errors) were noted and expressed as a per-
centage of the total number of groups on the page.

Digit symbol test
The digit symbol test is a measure of psychomotor
performance using paper and pencil. It is a subtest of
the Wechsler adult intelligence (WAIS) test battery'3
and consists of a sheet containing 100 small blank
squares arranged in four rows. Each square is paired
with a randomly assigned number from one to nine.
Above these rows is a printed key that pairs each
number with a different nonsense symbol-for exam-
ple 7= A. After a practice trial on the first seven
squares, the subject was required to fill in as many of
the blank squares with the symbol paired to the
number above the space in 90 seconds. The number of
correct responses was calculated and converted to an
age related standard score obtainable from the
WAIS-R manual.

Reaction time and Sternberg tasks
The apparatus has been described elsewhere.14 It was
used for both reaction time and Sternberg tasks.

Reaction time-Subjects were tested in a simple
reaction time paradigm. Beginning with the index
finger of the preferred hand on the starting point, sub-
jects were required to press the button closest to the
preferred hand as quickly as possible when an 0
appeared on the display (the stimulus was always an
0). Twenty trials were given and the mean reaction
time was calculated from the last ten. After com-
pletion of the Sternberg task, a further ten trials were
given and the mean calculated.

Sternberg task-A set of two, three, four, or five
randomly selected digits from 0-9 was presented
orally to the subject and he was asked to remember it.
A digit was then displayed on the response box to
which the subject was required to respond with the
Yes button if the digit was included in the memory or
positive set or the No button if the digit was not
(negative set). A total of48 presentations was made in
which each type of digit set (two, three, four, or five
digits) was represented twice and each individual set
was tested six times, three each for positive and nega-
tive responses. The mean reaction time was calculated
for each type of digit set, as well as total number of
errors.
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Neurobehavioural effects ofprofessional abalone diving
Short term memory (STM) (paired associates)
The short term memory test items consisted of five
pairs of high (real) association (greater than 90%
associative value) alphabetic trigrams selected from
the list compiled by Archer.15 The trigram pairs were
presented individually using a slide projector at a rate
of one per five seconds. Once all five pairs had been
shown, the first member of each pair was shown in a
random order and the subject was required to write
down the matching member. This sequence was
repeated until all five trigrams were recalled correctly
or after six trials. The number of trigrams correctly
recalled on the first trial and the number of trials to
criterion or the failure to reach criterion were
recorded.

Long term memory (LTM)
The long term memory test was a continuation of the
paired associate test described above. Without prior
warning, the subjects were asked to recall the trigrams
they had learnt earlier (about 90 minutes before). The
first member of each trigram pair were presented and
the number of trigrams correctly recalled was

recorded.

PROCEDURE
Diving histories were obtained by interviewing each
diver and a questionnaire was completed by each par-
ticipant to cover general biographical information
such as age, education level, ethnic background,
waking and sleeping habits, cigarette and alcohol
consumption, and medication. Three tests, the paired
associates STM test, the Bourdon-Wiersma test, and
the digit symbol test, were carried out in groups of
five or six. The remainder were performed individu-
ally. In all cases the group tests were carried out first
to allow sufficient time between learning and the
LTM test for the paired associates. All other tests
were carried out in random order.

STATISTICAL ANALYSIS
There were two basic comparisons of interest; the
difference between the divers (including current and
ex-divers) and their controls on each test and the
difference between performances of current divers

461
and ex-divers on each test. In virtually all cases the
analysis was performed by t test or analysis of vari-
ance. For the paired associates STM and LTM tests,
however, the Wilcoxon rank sum test16 was used
because the distribution of scores clearly departed
from normal and the trials to criterion measure was
ordinal.

For two tests, the Bourdon-Wiersma and the digit
symbol matched controls were not available at the
time of writing. Consequently, for the digit symbol
test each individual's score was converted to the age
corrected standard score available for the test from
large population assessments and then the diver
group was compared with the population norm.

Unfortunately, there are no population standards
from the Bourdon-Wiersma test so the only com-
parison reported for this test was between current and
ex-divers.

Results

Analysis of the effectiveness of the matching process
showed that divers and controls were not statistically
significantly different in terms of age (x2(3) = 0 64,
NS) or education level (x2(3) = 0-41, NS) (table 1).
Similar percentages of the two groups smoked, and
the amount smoked per week, did not differ
significantly (t(32) = 0-82, NS). More divers admitted
to drinking alcohol than non-divers but the amount
consumed did not differ significantly (t(32) = 0-62,
NS).

Similar analysis between current and ex-divers
showed that the ex-divers were older (X2(3) = 14 98, p
< 0-01) but that their educational backgrounds were

comparable (X2(3) = 3.39, NS). Only one ex-diver
smoked and similar numbers in the two groups admit-
ted to consuming alcohol. Ex-divers, however, con-
sumed significantly greater amounts of alcohol (t(10)
= 5-7, p < 0-01).
Comparison of the diving characteristics of current

and ex-divers showed that they did not differ
significantly in terms of duration of diving exposure
(t(32) = 1 44, NS), the number of instances of decom-
pression sickness (X2(4) = 2-42, NS)-or the incidence
of neurological symptoms and decompression sick-

Table I Comparison ofcharacteristics ofcurrent and ex-divers and non-divers. Controls showing percentages means and
standard deviations or medians and ranges where appropriate

Current divers Ex-divers Total divers Non-divers

Age (median years) 35-0(21-48) 44-5(40-53) 40 0(21-53) 40 0(20-59)
Education (median years) 11-8(6-16) 11-2(6-17) 11-5(6-17) 12-1 (6-17)
% Smoking 31 8 10-0 24-2 27-3
No of cigarettes smoked a week (mean) 20 7(6-1) 250 (na) 21 3(5-8) 20-1 (4-6)
% Using alcohol 72-7 80-0 80-0 54-5
Alcohol/wk (mean, g) 84 8(93 5) 157-8(116 9) 115 0(103 8) 107 0(82-94)
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ness (X2(1) = 0-02, NS) (table 2). They differed, how-
ever, in the maximum depth reached on an average
dive (t(32) = 206, p < 0 05). Current divers typically
dived much deeper than ex-divers.
The diver group had significantly lower critical

flicker fusion thresholds than the controls as shown
by analysis of variance (2 factor, repeated measures
on one factor, group main effect (F(1, 64) = 10-99, p
< 0-01)). There was no difference in the threshold of
each eye for either group (eye main effect F( ,64) =
1 1, NS) and the deficiency in the diver group was the
same for each eye (interaction effect F(1,64) = 018,
NS).
A similar comparison between current and ex-

divers (2 factor analysis of variance, repeated mea-
sures on one factor) showed no significant differences
between them (group main effect F(5,31) = 285, NS)
for either eye (interaction F(1,31) = 0-48, NS) nor
between the thresholds for either eye (eye main effect
(F(1331)= 0 77, NS) (table 3).

Analysis of reaction time by t tests showed no
significant differences between divers and controls
(t(32) = 1 71, NS) nor between current and ex-divers
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Table 2 Comparison ofthe diving experience ofcurrent and
ex-divers showing extent ofexposure, maximum depth
reached on a typical dive, and incidence ofdecompression
sickness per individual with and without neurological
symptoms

Current Total
divers Ex-divers divers

Exposure (mean, h) 4685 6350 5205
(3603) (2877) (3436)

Maximum depth (mean, ft) 68-6 56-5 64-8
(16-1) (15 8) (16 8)

Incidence of decompression
sickness per individual (median) 3-5 4 3-75

(0-100) (0-15) (0-100)
% Reporting neurological
symptoms with decompression
sickness 50 40 45

(t(31) = 0 46, NS) (figs 1 and2).
The results of the hand steadiness test were anal-

ysed by two 3 factor analyses of variance (repeated
measures on two factors) (table 4). Significantly more
off target touches were made by divers than controls
(group main effect F(1,64) = 10 61, p < 0-01), partic-
ularly to the lower plate (interaction F(1s64) = 7 99, p

Sternberg formulas
, NC: RT= 50.03s-640*1

__-0~ YC: RT= 54*73s-564.2
'o-6100040 ?. ND: RT= 44-83s-611.8

YD: RT = 66.11s-468.5

Reaction time
V C = 378.1
A D=3?45.2

2 3
Size of sets (s)

Fig I Results ofreaction time and Sternberg memory tests, showing mean reaction timefor divers (D) and non-divers (C),
and lines ofbest fit for Sternberg memory tests showing Yes responses ( Y) for divers and non-divers, and No responses (N) for
divers and non-divers.
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463Neurobehavioural effects ofprofessional abalone diving

1000,1

Sternberg formulas
DN: RT=44.59s+618.6

,
0

XN: RT=45.82s+ 597.4
: RT= 79.09s +418 .6

X.<'DY: RT=59.7s +493.3

.*@~~~..

Reaction time
A D=352.0
A X = 338 9

. * .~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

2 3
Size of sets (s)

4 5

Fig 2 Results ofreaction time and Sternberg memory tests, showing mean reaction timefor divers (D) and ex-divers (X),
and lines ofbest fitfor Sternberg memory tests showing Yes responses ( Y) for divers and ex-divers, and No responses (N) for
divers and ex-divers.

Table 3 Results ofthe criticalflicker fusion test showing means and standard deviationsfor divers and controls and current
divers and ex-divers

Current
Divers (n = 33) Non-divers (n = 33) divers (n = 22) Ex-divers (n = 11)

Critical flicker fusion left eye 341 (4-7) 37-9(4-5) 34 9(4 7) 32-6(4 6)
Critical flicker fusion right eye 33.7 (4 89) 37 4(5 00) 34.7 (4-3) 31 6(5-6)
Table4Handsteadinesstestresultsfor divers and controls showing means and standard deviations for time off target and the~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Table 4 Hand steadiness test resultsfor divers and controls showing means and standard deviationsfor time offtarget and the
number ofoff target touches to the upper and lower plate in each consecutive 20 second time period

Divers time period Controls time period

1st 2nd 3rd Ist 2nd 3rd

Off target touches:
Upper 239(93) 21 8(98) 21 2(137) 189(88) 183(87) 166(93)
Lower 33-4(9-9) 34-8(11-6) 33-9(14 6) 24-8(11 6) 25 9(9-4) 23 1(10 5)

Time off target:
Upper 19 8(10-5) 18 8(10-4) 17 7(12 9) 16 8(13-1) 16-1(9-9) 15 7(13 7)
Lower 32-5(17 7) 31 6(13 5) 31 6(21 7) 26 0(17 3) 25 2(15 7) 22 3(16 8)
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Table 5 Results ofthe hand steadiness test showing means and standard deviationsfor offtarget touches and time offtarget of
upper and lower platefor each of three consecutive 20 second periods comparing current and ex-divers

Current divers time period Ex-divers time period

Ist 2nd 3rd 1st 2nd 3rd

Off target touches:
Upper 22-8(9 5) 215(9 8) 19-8(11-2) 261 (7-9) 22 4(9 3) 23 9(16 8)
Lower 34 1(9-1) 36-4(12-1) 33-6(12 6) 32.0(10.8) 31 7(8 9) 34-4(17-4)

Time off target:
Upper 18 5(8 2) 18 0(8 1) 16.0(8-6) 22 1(13.4) 20 5(13 3) 21-1(17-9)
Lower 30-9(12-6) 30-7(11-3) 273(11 1) 357(241) 334(164) 400(318)

< 0 01). Off target touches were significantly more
frequent to the lower plate compared with the upper
plate in both groups (plate main effect F(1,64) =
103 01, p < 0-01) but there was no change in off tar-
get touches over the period of the test for either group
(time main effect F(2 128) = 1[79, NS).
The groups were not significantly different overall

in terms of the time they spent off target in this test
(group main effect F(1 64) = 2 83, NS). Again, the
lower plate was the site of most time off target for
both groups (plate main effect, F(1,64) = 82-89, p <
0 01) but by the diver group in particular (interaction
F(1,64) = 4-15, p < 0-05). There was no change in
time off target over the period of the test for either
group as before (F(2,128) = 1-15, NS).
Comparison of current and ex-divers on this test

showed no significant differences in their hand stead-
iness for either off target touches (F(1 31) = 0 01, NS)
or time off target (F(1l31) = 1-57, NS) (table 5). The
lower plate was the site of most off target movement
in both groups (F(1 31) = 50 3, p < 0 01) for time;
(F(131) -= 75-8, p < 0.01) and for touches but to the
same extent in both groups (F(1,31) = 0-98, NS; F(1,31)
= 36, NS for time and touches respectively).
For the Bourdon-Wiersma test as mentioned ear-

lier, the only comparison that could be made was
between current and ex-divers. Analysis by t tests

Table 6 Results of the Bourdon- Wiersma test showing
means and standard deviationsfor number of targets tracked
andpercentage errorsfor current divers and ex-divers

Current divers Ex-divers

Targets tracked 147-64(27-5) 146 18(27-6)
% Errors 10 6(6-73) 10 1(6-74)

Table 7 Digit symbol test results for total diver group and
for current and ex-divers showing means and standard
deviations

Total
diver group Current Ex-divers

showed that there were no significant differences
between these groups either in terms of the number of
targets searched over the time of the test (t(31) = 0 14,
NS) or the number of targets missed (errors, t(31) =
0 11, NS) (table 6).
Compared with the population's standard score,

divers showed significantly poorer performance on
the digit symbol test (t(31) = 2-74, p < 0 01); how-
ever, again, within the diver group there was no
significant difference between the performance of cur-
rent and ex-divers (t(31) = 0-65, NS) (table 7).
The results of the Sternberg test are shown in figs 1

and 2. Lines of best fit were calculated for speed of
response against the size of the memory set for both
positive (actively remembered or Yes items) and nega-
tive (items not in memory set or No items) memory
sets for each group. Comparison of the slopes of the
lines for divers and non-divers showed that for the
positive set only, the cognitive component of the test
took significantly longer for the diver group (positive
set, t(64) = 4-83, p < 0 01; negative set, t(64) =-1-94,
NS). Analysis of the intercepts also showed
significant differences between divers and controls for
-both memory sets (positive set, t(64) = -11-07, p <
0-01; negative set, t(64) = -2-86, p < 0-01) but in
both cases divers were faster than non-divers. Divers
made significantly more errors on this tests than con-
trols (1 58 + 1-12 for divers and 0-62 + 0 95 for con-
trols, t(64) = -3-28, p < 0 01) (table 8).
Comparison of current and ex-divers showed

significant differences for cognitive and movement
(intercept) components for the positive memory set
(slope, t(31) = 3 66, p < 0-01; intercept, t(31) = 3-81,
p < 0 01). There were no significant differences
within the divers for the negative set (slope, t(31) =

Table 8 Errors on the Sternberg memory testfor
comparisons between divers and non-divers and current and
ex-divers. Means and standard deviations are shown

Divers Non-divers Current divers Ex-divers

Stemnberg test
Scaled score 8 9(2 09) 8 8(2 17) 9-2(1-91) errors 1 58(1 12) 0-62(0 95) 1-4(1 01)

Williamson, Clarke, Edmonds464
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Table 9 Results of the paired associates test showing medians and rangesfor the comparisons; divers with non-divers and
c urrent divers with ex-divers. The STM measure, number correct, trials to criterion, andpercentage ofeach group reaching
criterion are shown as well as the LTM number correct measure

Divers Non-divers Current divers Ex-divers

STM, No correct 2 0(0-4) 2 0(0-5) 2 0(0-4) 2-0(0-3)
Trials to criterion 4 5 (2- > 6) 3 0(1->6) 3-5 (2- > 6) 3-0 (2- > 6)
% Reaching criterion 606 75.6 63-6 500
LTM, No correct 25 (0-5) 3 0(1-5) 3 0(0-5) 2-0(1-5)

0 31, NS; intercept, t(31) = 1 00, NS). Similarly, the
number of errors was no different between the two
diver groups (1 41 and 1 91 for current and ex-divers
respectively, t(3t) = 122, NS).

There were no differences between the per-
formances of divers and non-divers on the short term
memory measure of the paired associates test, the
number of trigrams correct on the first round (Wilco-
xon rank sum test z = -0-58, NS). Divers took
significantly more trials to learn the set of trigrams
than controls (z = 2-42, p < 0-01). Whereas more
divers failed to reach the criterion of all correct
(39 3% compared with 27-3% for non-divers), there
was no significant difference in long term memory test
performance between divers and controls (z = - 2,
NS).
The same comparisons for the paired associates

group of tests showed no significant differences
between current and ex-divers for the STM test (num-
ber correct, z = 0 76, NS) trials to criterion (z = 0 19,
NS) nor the LTM test (z = 0-48, NS) (table 9).

Discussion

Abalone divers clearly showed poorer performance
on several neurobehavioural tests than would be
expected based on that of carefully matched non-
divers. This was true for both currently working and
retired divers. In particular, abalone divers showed
poorer CFF thresholds, poorer hand steadiness,
lower digit symbol scores, were less able to learn new
material, and in the Sternberg memory test made
more errors and showed a poorer ability to cope with
increasing memory loads compared with controls.
Nevertheless, abalone divers performed as well or bet-
ter than non-divers in a few tests-namely, the paired
associates STM and LTM tests, the negative memory
set in the Sternberg test (items not actively being
remembered) as well as the reaction time test, and the
motor component of the Sternberg test (intercept).

Interpreting this pattern of results from an infor-
mation processing viewpoint, the most clearcut
finding is of depressed CFF thresholds. Reduced CFF
thresholds may indicate lowered cortical arousal"7 or
depressed visual function, or both, either at the retina
or in the intermediate visual pathway."8

This suggestion of visual disturbance in profes-
sional divers is in keeping with reported visual effects
of decompression sickness in caisson workers2 that
were attributed to "retinal aeropathy." Visual
impairment may also be due to inappropriate use of
oxygen for treating decompression sickness or for
carbon monoxide toxicity. Oxygen under pressure
may be neurotoxic and, in particular, affect the retina
in man.'9
The finding of poorer hand steadiness is consistent

with the report of intentional tremor in divers with
known histories of decompression sickness4 and of
psychomotor impairment in divers who had air
embolism or hypoxia, or both.5 In this study, how-
ever, the only psychomotor effects were increased
tremor. Reaction time abilities were at least as good
as those of non-divers in the reaction time test and
even better than non-divers as shown by the motor
components of the Stemnberg test.

Differences in motivation may possibly be
responsible for the superior response times of the
diver group. The reaction time test is a simple test of
motor speed whereas the Sternberg test is a test
requiring both speed and accuracy. Divers may be
able to react faster than non-divers on this test
because they were sacrificing speed for accuracy. Sim-
ilarly, divers made significantly more errors than non-
divers, indicating either that they often moved before
they had made an appropriate decision or that they
were not remembering the information correctly in
the first place, or both.
The results of the paired associates STM test did

not indicate any deficiencies in the short term memory
of divers compared with controls but the results of the
Sternberg memory test show that divers did not deal
with increasing memory loads as well as the controls.
The Sternberg test makes it possible to distinguish the
cognitive or thinking components of a memory test
from problems of responding.14 Sternberg's theory
predicts that the slope of the line which describes the
relation between memory set size and reaction time is
an indicator of the relative increase in reaction time
with each additional memory item and therefore
reflects cognitive elements in the test such as encoding
of the information and item matching. Thus the
steeper the slope, the more time the individual takes
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cognitively to process the information and the slower
the memory process. Since divers had significantly
steeper slopes for the actively remembered items (pos-
itive set or Yes items) than controls, it must be con-
cluded that they needed more time to process this
information before making a response. Both previous
studies of divers found that the affected divers were
characterised by memory problems.4 5
On the other hand, in this study the cognitive com-

ponent of the information not actively remembered
(negative set or No items) did not differ from that of
controls. Sternberg's theory maintains that when
presented with an item the individual searches the
actively remembered set (Yes set) of items first before
deciding that his/her response should be Yes or No.
Consequently the slope for the No responses is usu-
ally about the same or steeper than that of the Yes
responses. For the control group in this study this was
true, but the divers were considerably faster in their
cognitive responses to the No items than to the Yes
items. This suggests again that the divers were trying
for speed rather than accuracy. Probably they were
only partially completing the search through the
remembered set before making the decision in the
negative. This would explain, too, why such a high
percentage (74-1 %) of errors were of the No-should-
have-been-Yes type.

Professional, abalone divers are probably a unique
group quite apart from any of the neurobehavioural
health effects of their chosen occupation. Abalone
diving, like other potentially dangerous occupations
such as firemen,20 probably attracts a high propor-
tion of risk takers. The results of the tests in
this study, and possibly from other studies as well,
may reflect this performance bias. Therefore the
performance of professional divers on tests that
can be influenced by incentive or motivational
differences-tests requiring speed such as reaction
time, for example-may be confounded by their use
of different strategies such that deterioration in neu-
robehavioural functions may be difficult to detect.

Nevertheless, there were detectable differences
between divers and their matched controls in visual,
short term memory and some psychomotor abilities
w-hich are consistent with the findings from previous

Williamson, Clarke, Edmonds
studies and are suggestive of an impairment of ner-
vous system function.
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