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A comparison of simple reaction time, visual discrimination and
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Abstract

(Tikkinen J, Wuorimaa T, Siimes MA. A comparison of simple reaction time, visual discrimination and critical flicker
fusion frequency in professional divers at elevated pressure. Diving and Hyperbaric Medicine. 2016 June;46(2):82-86.)
Introduction: Inert gas narcosis (IGN) impairs cognitive performance and some divers are more susceptible to IGN than
others. We compared the sensitivity of two reaction time tests to detect changes in performance at pressure and compared
these results with critical flicker fusion frequency (CFF) changes at the same ambient pressures.

Methods: The study assessed simple reaction time (RT), mean time correct of the discrimination reaction time (MTC) and
CFF in 30 professional divers breathing air at 101 kPa and 608 kPa in a hyperbaric chamber.

Results: RT and MTC increased at 608 kPa by 5.1 +9.4% (P =0.04) and 7.3 + 12.3% (P = 0.01) respectively. RT decreased
to pre-compression level after decompression and MTC decreased to a level lower than pre-compression (P < 0.001) values.
CFF increased by 2.5 + 2.8% (P < 0.001) at 608 kPa. CFF decreased to pre-compression level after decompression. An
increase in CFF was inversely correlated with a decrease in RT (r=0.38, P=0.04) and in MTC (r=0.43, P =0.02) at 608 kPa.
Conclusions: Response speeds of the same subjects were impaired in both reaction time tasks at 608 kPa, whereas CFF
increased at depth. An association between changes in response times and changes in CFF suggests that divers susceptible
to IGN may also be susceptible to the effects of elevated oxygen partial pressure. If this holds true, the future selection of

professional divers could be improved by the use of simple cognitive tests.
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Introduction

The impairment in human cognitive performance while
breathing compressed gases at increased ambient pressure
has been explained on the basis of the raised partial pressure
of inert gases such as nitrogen, termed inert gas narcosis
(IGN).! Measurable changes in diver performance have been
shown from pressures as low as 203 kPa (2.0 atmospheres
absolute).? Some divers seem to be more susceptible to IGN
than others, and its onset pressure varies among individuals.?

The finding that human performance deteriorates due to
elevation of ambient pressure and increased partial pressure
of nitrogen is explained by the slowed processing model.*
According to this model slowing is primarily a result of
decreased arousal and is manifested by an increase in
simple reaction time (RT), slowing in other tasks such as
abstract reasoning tests and sorting cards.>™ However, the
strategy used to perform a task also changes under IGN and
it is considered to be a response to slowing. For example,
speed can be increased by shifting speed-accuracy trade-off
setting, allowing more mistakes. It has been demonstrated
that rehearsal strategies also may be modified by IGN but
can be manipulated experimentally.® Controlling for the
strategies during experiments is important in revealing the
slowing of psychomotor performance by IGN. Reaction time
is acommonly used parameter in experiments attempting to
quantitate IGN. It measures total decision-making time that
constitutes total information processing. Total information

processing also involves higher-order cognitive functions,
such as learning. Skill and procedural learning become
confounders when the complexity of the task increases.’
Repeating the same task improves the results and comparing
the results obtained at different ambient pressures becomes
challenging.

There is a long-standing experience with the critical flicker
fusion frequency (CFF) in the evaluation of the effect of
psychoactive drugs,'” and as a measure of the ability to
discriminate sensory data.'' CFF appears to be a simple
and reliable way of assessing changes in cortical arousal,'?
and has been demonstrated to be stable to repeated tests.'

The results of studies investigating the relation between
ambient pressure, composition of inhaled gases and CFF
have been somewhat ambiguous. Breathing normobaric
oxygen (O,) increased CFF in one study,'* whilst in another
CFF was unchanged during 71 kPa O, exposure, decreased
at 141 kPa O, but increased at 283 kPa O,."” In a study of
divers performing wet air dives at a depth of 33 metres’
fresh water (mfw), CFF was reported to initially increase
and then decrease, this decrease being sustained after
decompression.'® Similar results were reported in another
study of wet air dives."”

The aims of the present study were to compare the sensitivity
of two reaction time tests to detect changes in performance
at pressure and to compare these results with CFF changes at
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the same ambient pressures in order to evaluate the potential
of the CFF test to detect IGN. We also assessed whether
there were any correlations within individuals between the
changes in the cognitive performance tests and CFF.

Methods
SUBJECTS

The study protocol was approved by the Ethical Committee
of the University Hospital of Helsinki and the Headquarters
of the Finnish Defence Forces. We studied 30 professional
male divers from the Finnish Navy and the Coast Guard
aged from 23 to 50 (mean 35 + 8) years. The divers gave
their written informed consent to participate following a
detailed explanation in writing of the study procedures.
Divers abstained from strenuous exercise, diving, alcohol,
nicotine products,'® medicines and caffeine'® for at least
24 h before the experimental trial.

Divers were exposed to a pressure of 608 kPa (50 metres’
sea water, msw) in a dry hyperbaric chamber as part of their
annual medical examination. Compression was at a rate of
9 + 1 msw-min™' and the target pressure was reached in 6 + 1
min. Decompression was based on a 51 msw/15 min bottom
time table (Finnish Navy, DCAP-FINN). Decompression
stops were made at 9, 6 and 3 msw for 7, 2 and 8 min,
respectively. Temperature, oxygen (PO,) and carbon dioxide
(PCO,) partial pressures were measured during the simulated
dives, with the PO, between 21.0 and 21.5% and the PCO,
under 1000 ppm by ventilation and Haux absorbers. The
temperature varied from 18 to 32°C during the compression
and decompression of the chamber.

Subjects, in pairs, did three ‘dives’ at the same time of day
during which, whilst seated at rest, they performed either
one of two reaction time tests or were tested for their CFF.
This was in order to minimize the exposure time and to avoid
fatigue influencing the results. The interval between the tests
varied from two to four weeks. Simple RT was performed
on the first test day, a discrimination reaction time test on
the second day and CFF on the final test day.

SIMPLE REACTION TIME

We utilized the reaction time test form S1 from the
Schuhfried Vienna Test System RT (reaction test).”® A
simple visual signal was shown on an LCD monitor; the
subjects were required to react to the signal by pressing
the correct trigger button. The reaction time is the time
interval that elapses between a signal and the start of the
mechanical response movement, i.e., when the subject lifts
his finger from the rest button. The visual signal was shown
28 times at each pressure condition, the test taking 3 to 5
min to complete.

The divers practiced the test once at ambient pressure, in the
hyperbaric chamber once and went through short training
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sequences before commencing the actual tests. We then
measured the RT in the chamber before compression, at
608 kPa and immediately after decompression. The mean
reaction time values were used only from those reactions
that were correct and complete. In order to normalize the
distribution of the raw reaction time scores the Box-Cox
transformation was carried out.?! The results were presented
as milliseconds (ms). An increase of 16% or more in the
values was considered as important.>

DISCRIMINATION REACTION TIME

We utilized the Cognitrone trial form S7 from the Schuhfried
Vienna Test System.> A pair of figures was shown on an
LCD monitor; the subjects, after comparing the figures,
decided whether they were identical or not by pressing the
green button for identical or the red one for not identical.
The subjects performed the trial seven times. The divers
were expected to achieve their maximum response speed by
the fifth trial.® During a trial, 50 pairs of figures, 25 pairs
of identical and 25 pairs of different figures, are presented
twice in immediate succession in a random order. It took
3 to 7 min to complete a test. The divers were instructed to
work as accurately and quickly as possible.

A minimum criterion of 85% correct answers for both
identical and different figures was used. Short training
sequences were performed before each of the actual
trials at ambient pressure, 608 kPa and immediately after
decompression. The variable ‘mean time correct’ (MTC) of
the discrimination reaction time was calculated. This value
represents the time spent recognizing that the figures are
different. The trials were performed in the chamber four
times before compression, once at 608 kPa pressure and once
immediately after decompression. The MTC were used only
from those reactions that were both correct and complete.
Results are presented in seconds (s). An increase of 19% or
more in the values was considered as important.?

CRITICAL FLICKER FUSION FREQUENCY

Critical flicker fusion frequency (CFF) thresholds were
measured by the FLIM test from the Schuhfried Vienna
Test System.>* Visual stimulation with a luminous diode
was achieved through the flicker fusion unit (model 64031,
Schuhfried Vienna Test System). The frequency of flickering
light was increased in steps of 0.1 Hz from 10 Hz until the
subject pressed a button as an indication of fused light.
Similarly, the frequency was decreased stepwise from
80 Hz until the subject perceived the light to flicker. CFF
was calculated as the average of cight fusion and flicker
frequencies. It took 5 to 12 min to complete a test.

STATISTICS
The IBM SPSS 20 computer package was used for statistical

analyses. The results are presented as mean + standard
deviation (SD). The Shapiro-Wilk test was used to assess the
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Table 1
The mean = SD of transformed reaction time (1/RT), transformed mean time correct of the discrimination reaction
time (1I/MTC) and actual critical flicker fusion frequency (CFF) for 30 professional divers measured in a
hyperbaric chamber before compression, at 608 kPa and after decompression; * P = 0.04; ¥ P = 0.01; £ P < 0.001

Test Ambient pressure (kPa)
101.3 (pre-compression) 608 101.3 (post-compression)
1/RT 0.0037 + 0.0006 0.0035 £ 0.0006* 0.0038 + 0.0007%
1/MTC 1.04+0.16 0.98 £0.18F 1.13+£0.18%
CFF 38117 39.0 £2.2% 379 £2.1%
Figure 1 Figure 2

Individual changes in simple reaction times (RT) and in mean
time correct of the discrimination reaction time (MTC) of 30
professional divers after compression to pressure of 608 kPa in a
hyperbaric chamber compared to baseline; lines of identity drawn to
mark an increase of 16% or more in RT and of 19% or more in MTC
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normality of the distribution of RT, MTC and CFF. Skewed
values (RT, MTC) were transformed by 1/x transformation
to allow parametric statistical analyses. The association of
the ambient pressure and time values from the three separate
trials was assessed by repeated measures analysis of variance
(ANOVA) and the post hoc analysis by Bonferroni test.
Associations between transformed RT, transformed MTC
and CFF were calculated by using Pearson’s correlations
coefficient. A pre-study power analysis was not performed.
A P-value less than 0.05 was considered as significant.

Results

REACTION TIME AND DISCRIMINATION REACTION
TIME

The means = SD of the transformed RT and MTC data and
the actual CFF values are shown in Table 1. RT, MTC and
CFF all increased significantly at 608 kPa by 5.1 = 9.4%,
7.3 £ 12.3% and 2.5 = 2.8% respectively. There was a

Individual changes in critical flicker fusion frequencies
(CFF) of 30 professional divers after compression to pressure
of 608 kPa in a hyperbaric chamber compared to baseline
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Subjects

significant effect of experimental conditions on the RT values
(F(2,58)=9.89, P<0.001). Mauchly’s test indicated that the
assumption of sphericity had not been violated (32 (2) = 1.89,
n.s.). Post hoc comparisons revealed that the RT values were
elevated at 608 kPa compared to the pre-compression values
(P = 0.04) and the values measured after decompression
(P < 0.001). The pre-compression and after-
decompression values did not differ from each other.

The experimental conditions also had an effect on MTC
(F(2, 58) = 27.36, P < 0.001); sphericity was not violated
(%2 (2) =2.82, n.s.). Post hoc tests showed that MTC values
were elevated at 608 kPa compared to both pre-compression
and post-compression values (P = 0.01 and P < 0.001
respectively). After decompression MTC was lower than
pre-compression MTC (P < 0.001).

The changes in RT and MTC are shown in Figure 1. There
were seven divers with an increase of 16% or more in RT at
608 kPa.> Similarly, there were six divers with an increase
of 19% or more in MTC?? at 608 kPa. Five of the divers
had an increase of 16% or more in RT and an increase of
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19% or more in MTC. Maximal increase was 20% in RT
and 38% in MTC.

CRITICAL FLICKER FUSION FREQUENCY

There was a statistically significant effect of the experimental
condition on CFF of the divers (F(2, 58) = 16.30,
P < 0.001). CFF increased at 608 kPa compared
to pre- or post-compression values (P < 0.001 for
both). The pre-compression and post-decompression
values did not differ from each other. The individual
changes in CFF compared with pre-compression CFF at
608 kPa and post-compression are plotted in Figure 2.

Actual RT values were not associated with MTC values
(r = 0.11, ns), whilst CFF values were not associated with
RT, or MTC values (r = -0.33 and r = 0.22 respectively;
both n.s.). A significant association between the changes in
RT and the changes in MTC between the pre-compression
values and those at 608 kPa was found (r=0.56, P =0.001).
The change in CFF was associated with both the change in
MTC and with the change in RT (r = 0.43, P = 0.02 and
r=0.38, P =0.04 respectively).

Discussion

We observed a reduction in psychomotor performance
similar to that found in our previous study using similar
tasks at the same (608 kPa) pressure condition.>? The
complexity of the responses to be performed influenced
the results in that MTC changed more under pressure than
simple reaction time, again, in keeping with previous studies.
The return of MTC to less than pre-dive values is possibly
due to a learning effect. The deterioration in performance
was of short duration, having recovered immediately post
compression. We hypothesise that the increase in reaction
times is caused by IGN. This obviously has importance when
performing complex tasks during a dive or in a hyperbaric
chamber.

The pressure-related changes in CFF could be a result of
modified neuronal activation due to selective and transient
activation of the central nervous system resulting from a
changed tissue oxygen partial pressure (PO,). Unlike a
previous study, in which the observed decrement in CFF
was sustained after decompression,'® post-compression
CFF in our study had returned to pre-compression levels.
However, this difference post-compression could be because
of different environmental conditions, including differing
workloads, in the two studies; ours was with subjects
seated in a dry chamber, whereas the previous study was
of actual scuba dives to 33 msw.! Other factors, such
as CO, retention, may also have a role and could explain
the initial increase in CFF observed in the scuba divers.?
Also physical activity of a diver is likely to be lower in a
hyperbaric chamber than during a wet dive. Fatigue has been
demonstrated to have an effect on CFE.%
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A previous study has demonstrated that there is an
association between CFF and discrimination reaction time.?’
We also observed an association between changes in CFF
and changes in the simple and discrimination reaction times
at 608 kPa, but not in the absolute values of these parameters.
Our study supports the concept of individual susceptibility
to IGN. If a subject is more susceptible to the impairment
of performance due to increase in ambient pressure, could
he also be more susceptible to increased arousal caused by
an increased PO, or some other variable? Identifying those
individuals might improve selection of divers for training
and for deeper and more demanding diving tasks.

Some limitation of the study should be pointed out. CFF
appears to be sensitive to a variety of extrinsic and intrinsic
factors, e.g., ambient temperature, systolic blood pressure
and personality have been shown to affect CFF.?-° Control
for these factors is difficult in a hyperbaric chamber. Task
practice may result in improved performance, and many
cognitive tasks involve stimulus-response pairings which can
be learned. The discrimination reaction test is an example
of such a task.”

Conclusion

Breathing air at 608 kPa increased the simple reaction
time and discrimination reaction time. Response speeds
in some of the subjects were impaired in both tasks. The
simple reaction time decreased to pre-compression level
after decompression and the discrimination time to a level
lower than pre-compression values, possibly because of a
learning effect. CFF increased at depth then decreased to
pre-compression level after decompression. An association
between changes in response times and changes in CFF was
observed. This suggests that divers susceptible to IGN may
also be susceptible to the effects of elevated PO,. If this
holds true, the future selection of professional divers could
be improved by the use of simple cognitive tests. Further
studies are needed to evaluate these findings.

References

1 Bennett PB, Rostain JC. Inert gas narcosis. In: Brubakk AO,
Neuman TS, editors. Bennett and Elliott’s physiology and
medicine of diving, 5th ed. Philadelphia: Saunders. 2003. p.
300-22.

2 Petri NM. Change in strategy of solving psychological tests:
Evidence of nitrogen narcosis in shallow air diving. Undersea
Hyperb Med. 2003;30:293-303.

3 Lowry C. Inert gas narcosis. In: Edmonds C, Lowry C,
Pennefather J, Walker R, editors. Diving and subaquatic
medicine, 4th ed. London: Hodder Arnold. 2002. p. 183-93.

4 Fowler B, Ackles KN, Porlier G. Effects of inert gas narcosis
on behaviour — a critical review. Undersea Biomedical
Research. 1985;12:369-402.

5  Tikkinen J, Parkkola K, Siimes MA. Reaction test revealed
impaired performance at 6.0 atm abs but not at 1.9 atm abs
in professional divers. Undersea Hyperb Med.2012;40:33-9.



86

10

11

12

13

14

15

16

17

18

19

20

Kiessling RJ, Maag CH. Performance impairment as a function
of nitrogen narcosis. J Appl Physiol. 1962;46:91-5.

Bennett PB, Poulton EC, Carpenter A, Catton MJ. Efficiency
at sorting cards in air and a 20 percent oxygen-helium mixture
at depths down to 100 feet and in enriched air. Ergonomics.
1967;10:53-62.

Fowler B, Hendriks P, Porlier G. Effects of inert gas narcosis
on rehearsal strategy in a learning task. Undersea Biomedical
Research. 1987;14:469-76.

Koziol LF, Budding DE. Procedural learning. In: Seel NM,
editor. Encyclopedia of the sciences of learning. New York:
Springer; 2012. p. 2694-6.

Smith JM, Misiak H. Critical flicker frequency (CFF)
and psychotropic drugs in normal subjects — a review.
Psychopharmacology. 1976;47:175-82.

Hindmarch I. Critical flicker fusion frequency (cfff).
Pharmacopsychiatria. 1982;15:44-8.

Parrot AC. Critical flicker fusion thresholds and their relationship
to other measures of alertness. Pharmacopsychiatria.
1982;15:39-43.

Parkin C, Kerr JS, Hindmarch I. The effects of practice on
choice reaction time and critical flicker fusion thresholds.
Hum Psychopharmacol. 1997;12:65-70.

Hemelryck W, Rozloznik M, Germonpré P, Balestra C, Lafere
P. Functional comparison between critical flicker fusion
frequency and simple cognitive tests in subjects breathing air
or oxygen in normobaria. Diving Hyperb Med. 2014;43:138-
42.

Kot J, Winklewski PJ, Sicko Z, Tkachenko Y. Effect of
oxygen on neuronal excitability measured by critical flicker
fusion frequency is dose dependent. J Clin Exp Neuropsychol.
2015;37:276-84.

Balestra C, Lafere P, Germonpré P. Persistence of critical
flicker fusion frequency impairment after a 33 mfw SCUBA
dive: evidence of prolonged nitrogen narcosis? Eur J Appl
Physiol. 2012;112:4063-8.

Lafere P, Balestra C, Hemelryck W, Donda N, Sakr A, Taher
A, et al. Evaluation of critical flicker fusion frequency and
perceived fatigue in divers after air and enriched air nitrox
diving. Diving Hyperb Med. 2010;40:114-8.

Leigh, G. The combined effects of alcohol consumption and
cigarette smoking on critical flicker frequency. Addictive
Behaviour. 1982;7:251-9.

Hindmarch I, Quinlan PT, Moore KL, Parkin C. The effects
of black tea and other beverages on aspects of cognition and
psychomotor performance. Psychopharmacology (Berl).
1998;139:230-8.

Vienna Test System (VTS) psychological assessment. [cited
2016 May 23]. Available at: http://www.schuhfried.com.au/
vienna-test-system-vts/.

21

22

23

24

25

26

27

28

29

30

Diving and Hyperbaric Medicine Volume 46 No. 2 June 2016

Sakia RM. The Box-Coxtransformation technique: a review.
Statistician. 1992;41:169-78.

Tikkinen J, Siimes MA. Age-related effects of increased
ambient pressure on discrimination reaction time: A study in
105 professional divers at 608 kPa. Undersea Hyperb Med.
2015;42:639-45.

Schanz S, Osterode W. [Training effects in computer-assisted
psychological performance test.] Wien Klin Wochenschr.
2009;121:405-12. German.

Langecker M, Linzmayer L, Semlitch HV. Mogliche
Einflussvariablen auf die rimmer- und verschmelzungs-
frequenz: reaktionsneigung, befindlichkeit, kognitive
informationsverarbeitungsgeschwindigkeit. Z Exp Psychol.
2001;48:327-38. German.

Florio JT, Morrison JB, Butt WS. Breathing pattern and
ventilator response to carbon dioxide in divers. J Appl Physiol.
1979;46:1076-80.

Schwarz JE, Jandorf L, Krupp LB. The measurement of
fatigue: a new instrument. J Psychosom Res. 1993;37:753-62.
Kircheis G, Wettstein M, Timmermann L, Schnitzler A,
Héussinger D. Critical flicker frequency for quantification of
low-grade hepatic encephalopathy. Hepatology.2002;35:357-
66.

Lockhart J. Ambient temperature and the flicker-fusion
threshold. J Exper Psych. 1971;87:314-9.

Gutherie AH, Hammond BR. Critical flicker fusion frequency:
relation to resting systolic blood pressure. Optom Vis Sci.
2004;81:373-6.

Corr PJ, Pickering AP, Gray JA. Sociability/impulsivity and
caffeine-induced arousal: critical flicker/fusion frequency and
procedural learning. Person Individ Diff. 1995;18:713-30.

Conflicts of interest: nil

Submitted: 10 June 2015; revised 15 February and 23 March 2016
Accepted: 24 March 2016

Janne Tikkinen'? Tomi Wuorimaa', Martti A Siimes’

! Diving Medical Centre, Centre for Military Medicine, Finland
2 Diagnostic-Therapeutic Department, University of Helsinki,
Finland

Addpress for correspondence:
Janne Tikkinen

SLK, PL 5, FIN-02471
Upinniemi, Finland

Phone: +358-0299-581551
E-mail: <janne.tikkinen @mil.fi>




