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SUMMARY PAGE
THE PROBLEM

A previous investigation showed that alcohol impairs the ability to suppress vestibu-
lar nystagmus, thus degrading visual compensatory tracking performance during angular
acceleration. Reduced display illumination, independently, has also been shown to
degrade tracking performance during vestibular stimulation. The present study investi-
gated the way in which low and moderate doseges of alcohol and two levels of instru-
ment-display illumination combined to affect tracking performance a) in a static (no
motion) environment, and b) in a dynamic (whole-body motion) environment.

FINDINGS

Mean blood-alcohol levels as low as 0.027 per cent significantly (p < .05)
decreased tracking performance during whole-body motion, yet caused little change in
performance in a stationary environment. Impairment was much more pronounced with
dim display lighting (0.1 ft-L) than with bright lighting (1.0 ft-L}. These results sug-
gest that serious problems may be encountered even by the pilot who drinks lightly and
who considers flying, especially ot night.
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somewhat more than double the 0,027 per cent level for the low alcohol group at the
1-hour testing session. After 2 hours, these blood-alcohol levels were reduced to
0.076 per cent and 0.018 per cent, respectively; after 4 hours they were further re-
duced to 0.041 per cent and 0.000 per cent, respectively.

Means and standard deviations for the slow phase and frequency measures of
nystagmus during dynamic trials and for tracking error during both static and dynamic
trials are presented in Table | for both conditions of display illumination. Figure 1
represents the measured samples of nystagmus as mean values of slow phase velocity, in
degrees per second, and frequency in beats per second plotted for the two levels of
illumination and separated by group. Both measures showed essentially the same results:
that nystagmus in light was greater after consumption of alcohol. Subjects in both alco-
hol groups showed a sizeable first-hour increase in the nystagmus measures from the pre-
drinking level, whereas those in the control group showed a decrease in nystagmus with
repeated trials. The l-log unit reduction in display illumination was relatively inef-
fective in changing nystagmus, although the 0.1 ft~L level was associated with some-
what greater nystagmus. Statistical evaluations are in Table I1.

The tracking results are shown in Figure 2 as the percentage increcse or decrease
in tracking error for the three post-drinking tests with respect to the pre-drinking error
level. These are plotted for the three groups and the four testing conditions: tracking

with or without vestibular stimulation (dynamic or static) and with a display illumination
of either 0.1 fi-L or 1.0 ft-L (dim or bright).

Tracking errors increased over the pre~drinking level only for the alechel groups
during dynamic tracking. Although this effect was more striking for those in the mod-
erate alcohol group, it was apparent that those in the low alcohol group also exhibited
the effect. (The difference between the low alcohol and the control groups was sig-
nificant at the .05 level for the first post-drinking test. See Table {l1.) Results of
within-group and between-group statistical comparisons are presented in Table 111.

Also apparent was the fact that the dim display illumination greatly increased
the error rate during dynamic tracking. For the 1-log unit decrease in luminance, the
error rate increase wos approximately doubled (see Figure 2).

During static tracking, however, the alcohol groups did no worse than the
controls; indeed, during most of the static testing they decreased their errors somewhat
more quickly . This again was more apparent under dim illumination than bright.

DISCUSSION

The results show clearly, despite what appears to be for the contro! group a
persistent practice effect, that alcohol ingestion significantly decreased performance
during vestibular stimulation, yet caused little change in static tracking performance.




STATIC TRACKING

During static tracking vestibular nystagmus is not present, and therefore, no blur-
ring or performance impairment can occur from this source. There was a slightly faster
improvement in static fracking performance across sessions by those given the low aleco-
hol dose over the control group. However, the only point at which there was any sig-
nificant difference between the control and low alcchol groups in static tracking was
during the 4-hour post-drinking session when there were no longer measurable quanti-
ties of alcohol present in the blood samples of the low alcohol subjects; as such, the
static tracking differences may more closely reflect differences in eye-hand coordina-
tion abilities ameng the groups.

DYNAMIC TRACKING

These results confirm those reported in a previous study (2}, which showed that the
vestibular nystagmus evoked during dynamic tracking was not suppressed as well by sub-
jects under the influence of moderafe dosages of alcohol. Thus, blurring of vision and
the impairment of performance ensued. The present study indicates that these same
effects are significant for average blood-alcohol levels as low as 0.027 per cent. It
should be noted that these latter alcohol levels were achieved with alcohol dosages
equivalent to less than two social drinks for the average-sized man.

DISPLAY ILLUMINATION

The effects of vestibular stimulation on tracking were much more pronounced during
the dim display illumination. Increased blurring and performance degradation with
reduced illumination during dynamic tracking has previously been reported (3), and the
absence of a commensurate change in nystagmus was cited as evidence of a visual phe-
nomenon. This phenomenon was magnified in the present study by the unsuppressed
nystagmus due to alechol. The combination of the dim illumination, vestibular stimu-
lation, and the influence of alcohol produced the poorest tracking performance, where-
as the control group with greatly suppressed nystagmus was not affected significantly by
the illumination change ot these relatively low angular velocities.

IMPLICATIONS

The dramatic impairment in fracking performance only in the dynamic environment
shows the insidious nature of this effect. A pilot who drinks lightly may be able to
convince himself on the ground that his abilities are unimpaired and thus may feel safe
to enter the cockpit. Results of this study suggest, however, that he is entering a
potentially dangerous situation. If, while flying, particularly at night with dim dis-
play illumination, the pilot encounters vestibular stimulation as a result of maneuvers,
turbulence, or some inner-ear dysfunction, he may experience some blurring of vision.
The visual control of his eye movements has been reduced by the alcohol, and vestibu-
lar control is free fo take over driving the eyes relative to the instruments. This in-
creases the likelthood that he will misread the instruments and react incorrectly,
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causing more severe maneuvering and what may be the beginning of an irreversible,
vicious circle.
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Table |
Means and Standard Deviations by Session for Slow Phase Nystogmus (deg/sec),

Frequency of Nystagmus (beats/sec), and Tracking Error (Arbitrary Units)

0.1 ft-L Sessions ‘ 1.0 ft-L Sessions

Measure Group Cond. Pre T-Hour  2-Hour 4-Hour Pre 1-Hour 2-Hour  4-Hour
Slow Phase Cont. Dyn. Mean  6.32 4.84 3.59 3.21 7.06 5.19 3.39 3.59
Nystogmus sD 2.87 2.06 1.68 1.11 3.24 2.31 1.38 2.07
Nystagmus Cont. Dyn. Mean  2.38 2.14 1.71 1.52 2.52 2.15 1.59 1.70
Frequency sD 0.56 0.80 0.63 0.25 0.56 0.54 0.62 0.57
Slow Phase Low Dyn. Mean  7.00 8.12 6.81 3.65 5.36 7.54 4.66 3.18
Nystagmus Alco. SD 4.92 4.87 4.55 2.04 3.06 3.73 3.07 1.66
MNystagmus Low Dyn. Mean  2.01 2.60 2,09 1.35 1.20 2.56 1.64 1.28
Frequency Alco. SD 1.07 1.20 0.96 0.73 0.99 0.99 0.99 0.71
Slow Phase Mod . Dyn. Mean 5.52 15,35 11.09 6.46 5.85 12.46 10.25 6.39
Nystagmus Alco. 5D 1.69  8.30 7.68 3.41 2.52 6.20 6.12 2.75
Nystagmus Mod. Dyn. Mean 2.727 3.10 3.00 2.30 2.25 3.16 3.00 2.44
Frequency Alco. 5D 0.55 0.87 0.84 0.74 0.68 0.93 0.78 0.73
Tracking  Cont.  Stat. Mean 4.57  4.38 4.22 3.77 4,23 4.0 3.59 3.76
Error SD 1.24 1.07 0.57 0.81 1.05 1.17 0.58 0.84
Cont. Dyn. Mean  6.%0 5.66 4.91 5.18 5.93 4.86 4.62 4,63

SD 1.68 1.57 1.5 1.41 1.83 1.31 1.03 1.19

Tracking Low Stot. Mean 5.18 4.27 3.84 3.17 4.75 4.30 3.56 3.01
Error Alco, sD 1.98 1.83 1.28 1.74 1.94 1.77 1.45 0.97
Low Dyn. Mean 7.16 7.22 6.19 5.00 5.36 5.52 4,72 3.88

Alco, SD 2.13 2.99 3.58 2.91 1.53 1.41 1.79 1.51

Tracking Mod . Stat . Mean  5.39 5.02 4.60 3.81 5.0% 4.93 4,48 3.67
Ercor Ales. D 1.600  1.04 0.70 0.65 1.73 1.55 1.02 0.58
Mod . Dyn. Mean  6.66 10.99 8.27 £.23 6.12 7.89 6.01 4.85

Alco. sD 1.27 2.66 2.24 1.27 1.32 2,177 1.53 0.99




Table 1l
Results of t Tests Between Pre-Drinking and Each Post-Drinking Measure of the Slow Phase Displacement

and the Frequency of Nystagmus

Nystagmds Comparisons: Pre vs.

Level of (Slow Phase) (Frequency)

Hlumination Group I-Hour 2-Hour 4-Hour 1~Hour 2-Hour 4-Hour
Moderate -3.86** -2 .56* -1.36 -3.73%* -3.81** -0.55

0.1 f-L Low -1.27 0.11 2.33 -2.56* -0.35 3.01*
Control 2.33 4.33** 4, 34%* 1.06 3.90%* 5.03*%*

1.0 f-L Moderate -4.06** ~-3.08*% =512 -4 . 70%* -4.09%* -1.34

: Low -3.43* 1.32 3.32% -3.33* 1.25 2.36*

Control 3.10* 4.51%* 3.55%* 4,.07%* 5.32%* 4.51%*

*p<.05

** p <.01
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Table HI

Results of + Tests for Within=Group and Between-Group Comparisons of Tracking Error?

Within-Group Comparisons: Pre vs,

Level of _ (Sfufic) (Dynamic)
IHlumination Group 1-Hour 2-Hour 4-Hour 1-Hour 2-Hour 4-Hour
Moderate 1.06 1.76 3.56%*% -5.23** -2.10 1.1
0.1 ft-L Low 2.37* 3.16* 3.64%* -0.12 0.99 2.91*
Control 0.70 1.01 3.28% 3.94** 7 . 31%** 4.,07%*
Moderate 0.38 0.93 2.63* -2.94% 0.18 3.43%
1.0 fi-L Low 1.48 3.99%* 3.67*%* -0.44 1.62 4. 17**
Contro! 0.95 2.25 1.57 3.68%* 2.38 1.92
Between-Group Comparisons
Comparison Static Tracking Error Dynamic Tracking Error
CwslL 1.54 1.83 2.02 -2.31*% -1.02 0.50
0.1 f-L Cvs M 0.42 0.78 1.55 -6 . 29*** -4 42%** -2.25%
Mwvs L 1.03 0.90 0.61 4.5]%%* 2.08 2.06
Cwsl 0.57 - 1.32 2,26 -2.67* -0.99 0.23
1.0 fi-L Cvs M -0.19 -0.08 1.51 -4, 27%** ~1.40 -0.03
- MuwsL 0.66 2.26% 0.48 2.31* 0.69 0.38

# Within-group analysis was based on the difference in error scores between pre-drinking and each post-drinking ses-
sion. Between-group analysis was made by comparing control, low alcohel, and moderate alcohol subjects with pre/
post difference scores.

* p<.05

¥* p<.01

*x% 5 < 001
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