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SUMMARY

A study was conducted to further evaluate the Manikin Task,
a complex reaction time task previously developed by the RAF
as a test of spatial orientation. The objectives of the
study were to (1) thoroughly evaluate the training charac-~
teristics of the task including variation in performance
related to individual stimuli characteristics, (2) determine
the task's speed vs. accuracy tradeoff characteristics, and
(3) assess performance on the task under the influence of
ethyl alcohol.

Response times and accuracy were measured on five subjects
under various conditions over a five-week period. Analysis
of the data indicated a substantial dependence of response
time on specific manikin orientations. In addition, there
was a definite decline in accuracy corresponding to a forced
decrease in response time, However, the relationship could
not be adequately represented by the proposed speed-accuracy
tradeoff functions. The effect of alcohol was evidenced
primarily by a downward shift on the accuracy axis of the
speed-accuracy tradeoff relationship.

“Accession For
[ NTIS GRA&I e
DTIC TA3B 0
Unannainted ]
Juotificntions
By .
CDistyined fan/ )
puotroiiity Codes
T Awool end/for
Dist | &rpocicl
- t L
1




ACKNOWLEDGEMENTS

This research was sponsored by the Air Force Office of o
Scientific §esearch/AFSC. It was initiated under contract
F49620-82-C%0035 administered by the Southeastern Center for
Electrical Engineering Education (SCEEE) and completed under
grant AFOSR-83-0181. The author would like to thank the o
staff of the Crew Performance Branch, Crew Technology Divi-
sion, USAF School of Aerospace Medicine and in particular
Drs. William F. Storm, John F. Courtright and Loren G.
Myhre. Appreciation is extended to the Technical Program -
Manager for the grant, Dr. Alfred R. Fregly of the Life
Sciences Directorate at AFOSR. The author is indebted to
Sundararajan Venkataraman for his major contributions to the |
data analysis and to David W. Patterson for his assistance ——
in preparation of the final report. 1

Fors

-k




|\ o

TABLE OF CONTENTS

LIST OF ILLUSTRATIONS
LIST OF TABLES

1.0 INTRODUCTION
2.0 BACKGROUND
2.1 Manikin Task
2.2 Speed-Accuracy Tradeoffs
3.0 EXPERIMENTAL METHODOLOGY
3.1 Subjects
3.2 Task
3.3 Procedure
3.3.1 Training
3.3.2 Baseline
3.3.3 Alcohol
. 3.3.4 Trial Sequence
4.0 DESCRIPTION OF THE DATA
4.1 Initial Training
4,2 Deadline Training
4.3 Baseline and Alcohol
4.y Data Reduction
5.0 RESULTS
5.1 Manikin Figures

5.1.1

Analysis of Variance Model
Orientation Category
Target Shape

Side of Correct Response
Period

IRV S o




5.2

Vi W,
L]
£&ow

TABLE OF CONTENTS (cont.)

5.1.6 Subject Differences

Training Patterns

5.2.1 Overall

5.2.2 Individual Subject

5.2.3 Orientation, Target and Side
5.2.4 Learning Curves

5.2.5 Aquisition of Stabilized Performance
Speed-Accuracy Tradeoff

Alcohol Evaluation

5.4,1 BAC Levels

5.4.2 Response Time

5.4.3 Accuracy

5.4.4 Speed-Accuracy Tradeoff

6.0 DISCUSSION

6.1
6.2

REFERENCES

Manikin Figures and Training
Alcohol Stressor

APPENDIX A - Training Data by Trial Number

for Each Subject

APPENDIX B - Baseline and Alcohol Data by Period

for Each Subject

31
34
34
35
39
39
4y
46
49
50
50
52
53
61
61
63
65

67

70

Aa i

[ ¢




2

LIST OF ILLUSTRATIONS

EIGURE
1 Idealized Speed-Accuracy Tradeoff Function
2 Training Data ~ Response Time vs., Orientation
3 Training Data ~ Response Time vs, .Target Shape
y Training Data - Response Time vs. Side of
Correct Response
5 Response Time vs. Orientation by Subject
6 Response Time Mean and Standard Deviation vs.
Trial Number
7 Response Time Mean vs. Trial Number by Subject
8 Response Time Standard Deviation vs.
Trial Number by Subject
9 Response Time vs. Trial Number by Orientation
10 Response Time vs. Trial Number by Target Shape
11 Response Time vs. Trial Number by Side of
Correct Response
12 Learning Curve Least~Squares Regression of
Response Time vs. Trial Number
13 Accuracy vs. Reaction Time - Least-Squares
Linear Regression for Baseline vs. Alcohol
14 Accuracy vs. Deadline Condition by Alcohol Level
15 Accuracy vs. Deadline Condition - Subject A
16 Accuracy vs. Deadline Condition - Subject B
17 Accuracy vs. Deadline Condition - Subject C
18 Accuracy vs. Deadline Condition - Subject D
19 Accuracy vs. Deadline Condition - Subject E

12
25
27

29
33
36

37

38
40
41

42
43

48
55
56
57
58
59
60

Lo ke oal s

A el



)

QW ~3 O E W

10
11
12
13
14
15
16
17
A.1-5

LIST OF TABLES

Summary of Factors for the

Analysis

of Variance Model

Data Layout for a Single Subject

Analysis
Training
Training
Training
Training

Training
Early vs.

Training
Training
Learning
Response
Baseline

of Variance - Training Response Times
Data by Orientation Category

Data by Target Shape

Data by Side of Correct Response

Data by Period

Response Times by Period -
Late Trials

Data by Subject

Data by Trial Number

Curve Regression Parameters by Subject
Time Deviation at Training Termination
Data under Deadline Conditions

Alcohol Data by Subject

Analysis
Analysis
Baseline

of Variance for Response Time
of Variance for Accuracy
vs. Alcohol Speed-Accuracy Tradeoffs

Training
Subjects

Baseline
Subjects

Data by Trial Number -
A through E

and Alcohol Data by Period -
A through E

v — — o~ — "7“‘”7'1

20
21
22
23
26
28
30

31
32
34

45
46
49
51
52
54

67

70

A ke e emm_ &




T

1.0 INTRODUCTION

The development of safe, efficient, cost effective systems
for piloting high-performance jet aircraft requires a
thorough understanding of the complex psychomotor skills,
information processing and high-speed decision making compo-
nents involved. Determination of the underlying mechanisms
of these processes during both normal and high-stress situa-
tions is an essential part of the development of advanced
military systems.

One isolatable element of the information processing compo-
nent involves the pilot's ability to perform spatial orien-
tation activities., It is vitally important that the pilot
and other crew members maintain their ability to differen-
tiate right vs. left and up vs. down based on available
visual cues under severe conditions of disorientation anc
exposure to various types of stressors.

Spatial disorientation has consistently been cited as the
cause of numerous accidents throughout the history of
flight. Kirkham et al. (1978) reported that during a recent
six-year period, spatial disorientation was the third-
highest cause of fatal accidents in small, fixed-wing air-
craft. In addition, approximately 15% of fatal accidents in
military aircraft flown by highly trained and instrument-
rated pilots are caused by spatial disorientation.

To attack this problem, three general directions of research
activity have been defined as follows:

1. investigate potential theories to describe the
underlying mechanisms associated with spatial
information processing;
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2. 1identify and/or develop appropriate means of
measuring an individual's ability to perform
spatial processing;

3. evaluate the sensitivity of the process and of
the measuring instrument to various stressing
agents.

Of particular interest in the last category are the effects
of varying workload demands and certain chemical defense
drugs which act as central nervous system (CNS) depressants.
This topic served as the primary area of investigation in
the study reported here,

This final report documents the evaluation of a specific
test of spatial orientation or mental rotation known as the
Manikin Task. The objectives of the study were established
as follows:

1. thoroughly evaluate the training characteris-
tics of the task including variation in per-
formance related to individual stimuli charac-
teristics;

2. determine the speed vs. accuracy tradecff char-
acteristics of the task;

3. assess performance on the task under the influ-
ence of ethyl alcohol,

The study was initiated in conjunction with the author's
participation in a USAF-SCEEE Summer Faculty Research Pro-
gram and completed under the current grant to the School of
Industrial Engineering, University of Oklahoma. Data
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analysis was performed using the Statistical Analysis System
(SAS) implemented on the IBM 3081 of University Computing
Services at the University of Oklahoma.

2.0 BACKGROUND
2.1 Manikin Task

The Manikin Task was originally conceived by Benson and
Gedye (1963) at the Royal Air Force (RAF) Institute of
Aviation Medicine (IAM), Farnborough, U.K., and was employed
as a complex reaction time test to measure the spatial
processing ability of pilots. The task is a visual perform-
ance activity in which a sequence of human figures (mani-
kins) in various orientations is presented on a CRT screen.
The orientation categories consist of (1) back-erect [BE],
(2) back-inverted [BIl, (3) front-erect [FE] and (4) front-
inverted [FI].

For each presentation, the subject is required to identify
in which hand (left or right) the manikin holds a particular
target (circle or square) identical to one presented below
the figure. This requires the subject to execute some form
of mental rotation of the figure about one or more axes in
order to discriminate the right side from the left.

The original task used 35mm slides to present the sequence.
Improved versions have been developed using computer gener-
ated CRT displays. A sophisticated version which provides
for manipulation of several task parameters was implemented
on a PDP 11/34 computer located at the USAF School of Aero-
space Medicine.
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A comprehensive assessment of the utility of the Manikin
Task was initiated by researchers at USAFSAM. Through a
series of experiments it has been shown that the task
satisfies many of the criteria necessary to be considered a
useful laboratory measure. In particular:

1. subjects can learn the task and acquire plateau
performance within 4 to 10 training sessions,
each of 30 minutes duration;

2. the rate of acquisition of plateau performance
is essentially independent of the training
schedule, occupational level and age of the
subject;

3. the task has a high level of differential sta-
bility, i.e., individual performance remains
essentially constant over time (Reader et al.,
1981).

In addition, the task has been shown to be sensitive tomild
hypoxia (Benel and Storm, 1981) but insensitive to changes
in head temperature under hyperthermic conditions (Nunneley,
Reader, and Maldonado, 1982),

With respect to the various manikin views, Reader et al.
(1981) found significant response differences associated
with the orientation category and the side of correct re-
sponse (p < 0,001)., In increasing order of difficulty, the
orientations were back-erect, front-erect, front-inverted
and back-inverted. Also, the right-side responses were
approximately 25 msec faster than the left. No differences
due to target shape were observed.

10
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Thus, an initial data base had been developed which demon-
strated the potential value of the Manikin Task. A logical
extension of the assessment effort was an evaluation of the

task's sensitivity to other human stressors.

Two general categories of stressors were investigated in
terms of their effects on performance of the task: (1)
workload demand stress created by imposing relatively short
deadlines for subject responses and (2) a CNS depressant,
specifically alcohol, It was also believed that the know-
ledge gained from collecting additional data on the task
would lead to recommendations for improved task administra-
tion methodologies. These would include various procedural
aspects, stimulus presentation rates and certain adaptive
test variations.

2.2 Speed-Accuracy Tradeoffs

With respect to many psychomotor tasks, it has been proposed
that the inconsistency of previous results concerning the
effects of alcohol on reaction time (RT) may be related to
possible tradeoffs between speed and accuracy (Jennings et
al., 1976). In the majority of information processing stud-
ies in which RT is used as the primary criterion, subjects
are usually encouraged to respond "as rapidly and accurately
as possible.™ The RT and error rate values obtained thus
represent an unpredictable compromise between the incom-
patible demands for maximum accuracy and minimum RT. This
tradeoff may be represented by the function illustrated in
Figure 1.

The particular compromise between speed and accuracy that is

adopted for any given experimental trial is a function of
several variables including the actual experimental condi-

1

—-~—————



Ry

tions under investigation. It is therefore difficult to
derive any valid conclusions in situations where the change
in subject criteria is not identified and measured,.

SPEED~-ACCURACY TRADEOFF FUNCTION

1.0

ACCURACY

0 T4 T2
REACTION TIME

Figure 1. 1Idealized Speed-Accuracy Tradeoff Function
(Wood and Jennings, 1976).

Although perfect accuracy is rarely achieved in RT studies,
relatively high levels can often be attained. Reported data
confirm that accuracies greater than 90% are common (Wood
and Jennings, 1976). However, these accuracy levels may be
unrealistic in view of the fact that task demands often do
not allow sufficient time for a highly accurate response.
Also, an examination of the tradeoff function in Figure 1
reveals that very small changes in error rate at high levels
of accuracy are associated with large changes in RT. Again,
this makes it difficult to determine if significant differ-
ences in measured reaction time are due to experimental
conditions or merely related to slight shifts in the

12
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subject's internal criterion point.

Several researchers (Lappin and Disch, 1972 a,b; Pachella,
1974; Pew, 1970) have suggested that the solution to these
problems is to utilize the complete tradeoff function as a
measure of information processing performance in which
changes in bias for speed and accuracy can be directly
assessed, This approach allows one to distinguish a shift
in the subject's speed-accuracy criteria from a possibly
more significant change in processing efficency independent
of a shift in criteria. Processing efficiency differences
can be easily identified by changes in either the slope or
RT intercept of the tradeoff function.

This procedure has been employed in at least two studies
evaluating the effects of alcohol on speed-accuracy trade-
offs. In an experiment by Jennings et al. (1976), five
levels of alcohol were examined ranging from 0.00 to 1.33
ml/kg of body weight. Increasing doses of alcohol produced
a progressive decrease in the slope parameter of linear
equations fit to the speed-accuracy data, but did not signi-
ficantly alter the intercepts of the functions with the RT
axis. Thus, alcohol reduced performance efficiency by de-
creasing the rate of growth of accuracy per unit change in
response time. Similar results were obtained in a study by
Rundell and Williams (1979) who examined alcohol levels from
0.0 to 1.0 g/kg of body weight.

In both studies, deadline conditions were imposed to force
subjects to respond within various time limits. The time
limits were selected to provide accuracies ranging from
chance levels to near perfection. These procedures have the
effect of altering the workload demand such that the shorter
time limits create extreme time-stressed conditions,

13
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A similar approach was employed in this study to generate
the data for computing speed-accuracy tradeoff functions for
the Manikin Task., Data was collected for both baseline and
alcohol conditions,

3.0 EXPERIMENTAL METHODOLOGY
3.1 Subjects

Five male subjects, ages 18 to 49, participated in the
study. All subjects were right-handed with normal (20/20
corrected) vision and were light to moderate social drinkers
averaging 4 to 8 drinks (mixed drinks, beers, or glasses of
wine) per week. Each subject performed the task under both
baseline and alcohol conditions. The experimental protocol
was approved by the Human Use Committee and the voluntary
informed consent of the subjects was obtained in accordance
with AFR 169-3.

3.2 Task

Each subject was instructed to observe a 25cm CRT display
(Digital Equipment Corporation Model VR17LC) located 1 meter
in front of him (approximately 15° visual angle). For each
stimulus presentation, the subject was to mentally reorient
the manikin and decide in which hand the manikin held a
shape identical to the target shape displayed at the bottom
of the screen. A response was registered by pressing either
the right or left button on a subject panel, always using
the same finger of the right hand. Response time was mea-
sured from the initial presentation of the stimulus until
the subject's response and was recorded along with the
accuracy of the response,

14




3.3 Procedure

The investigation consisted of initial training sessions,
testing sessions to derive the speed-accuracy tradeoff func-
tion under baseline conditions and testing sessions employ-
ing alcohol.

3.3.1 Iraining

In the initial training sessions, each manikin remained on
the screen for 2 seconds with a 1-second pause between
presentations. A series of 96 manikins was presented in a
random sequence followed by 2 minutes of rest. Four of
these periods were grouped to form a single testing session
or trial lasting approximately 25 minutes. All subjects
participated in a minimum of 7 training sessions. Previous
results (Reader et al., 1981) had shown that an average of 6
sessions are needed to achieve stable performance on the
task. The criteria for terminating training required a
deviation of no more than + 5% of the mean reaction time for
the previous 2 sessions,

3.3.2 Baseline

Following training, the amount of time that the manikin
remained on the screen was reduced to levels ranging from
400 to 100. msec. The pause between presentations was
increased accordingly to maintain a 2-second interval be-
tween the onset of successive presentations. All other
variables remained the same as during the training sessions.
Subjects were instructed to respond "at or before the
instant the manikin leaves the screen." This provided the
deadline conditions essential for measuring subject perform-
ance over a wide range of speed and error rates.

15
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3.3.3 Alcohol

Following the baseline condition, a single alcohol dose
consisting of 0.50 to 0.75 grams of pure alcohol per kilo-
gram of body weight was administered to each subject. The
actual dose depended on the body composition of the indivi-
dual subject and was the calculated dose required to raise
the subject's blood alcohol concentration (BAC) to a level
of 0.08%. Subjects were instructed not to consume alcoholic
beverages on the evening before the alcohol testing trial.
Testing sessions were conducted in the morning prior to the

-consumption of any food or drink other than water.

The equivalent volume of 86 proof bourbon was combined with
water in the ratio of two parts water to one part alcohol.
Subjects were allowed 15 minutes to consume the beverage,
Following consumption, blood alcohol levels were indirectly
measured according to the procedures of Dubowski (1970) and
Spector (1971), using an Intoxilyzer, Model 4011 alcohol=-in-
breath tester manufactured by CMI Incorporated.

Testing was initiated approximately 30 minutes after con-
sumption of the alcohol. To sustain peak BAC levels and
thereby circumvent problems associated with differential
performance on the ascending and descending limbs of the
blood alcohol function, a maintenance dose of 0.05 g/kg of
body weight was administered every 20 minutes (Lentz and
Rundell, 1976). Following the experimental task, the sub-
ject was monitored until his BAC was at or below 0.005% and
was then released.

3.3.4 Irial Sequence

For the alcohol evaluation stage of the study, each subject

16
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entered the laboratory in the early morning and performed
three baseline testing trials, one each under the 1000, 700
and 400 msec deadline conditions. The subject was then
weighed and the appropriate dose was calculated. Alcohol
was administered and sufficient time elapsed for the subject
to attain the desired BAC level. The subject then performed
three additional testing sessions, again at 1000, 700 and
400 msec. Only one subject was tested per day during the
alcohol stage. Five weeks of data collection were required
for the entire investigation. All data was collected using
a PDP 11/34 computer system and was subsequently transferred
to tape for further analysis.

4,0 DESCRIPTION OF THE DATA

For each manikin presentation, the data recorded by the
computer system consisted of (1) a number between 1 and 16
identifying the particular view shown to the subject, (2) a
code identifying whether the subject's response was correct,
incorrect or missing, and (3) the amount of time in milli-
seconds between the onset of the stimulus and the response.

The first code represents the specific combination of orien-
tation category (back-erect [BE], back-inverted [BI], front-
erect [FE], front-inverted [FI]), target shape (circle [C]
vs. square [S]) and side of correct response (left [L] vs.
right (R]). This allowed measurement of any response dif-
ferences associated with the different manikin figures.

Data was collected in individual 25-minute trials. A trial
consisted of four periods of presentations with a series of
96 presentations per period. Within each series, the 16
possible manikin views were each shown six times, with the

17
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particular views ordered randomly within each 16-view
subset. Thus, each trial consisted of 384 presentations,

4.1 Initial Training

In the initial stage of the study, each of the five subjects
participated in a minimum of seven training trials, result-
ing in 2688 presentations per subject and a total of 13,440
presentations across alli subjects. A partitioning of this
total number shows that there were 3360 data points for each
orientation category and 6720 data points for each level of
the target shape and side of correct response factors.

4,2 Deadline Training

Following initial training, each subject participated in an
additional 10 to 20 trials under various deadline conditions
to gain practice in producing the data for the speed-
accuracy functions. The number of trials for each subject
was based on the amount of practice required for that sub-
ject to develop his ability to meet each particular deadline
condition., Thus, an additional 3840 to 7680 data points per
subject were collected in this stage of the study.

Minimal analysis of this data was performed due to the lack
of uniformity in subject learning ability resulting in indi-
vidualized training schedules for each subject.

4.3 Baseline and Alcohol
Three trials of baseline and three trials under the alcohol
treatment were completed by each subject. These trials

yielded the 11,520 data points representing the primary
objective of the research effort.

18




4.4 Data Reduction

In total, data for over 44,000 manikin presentations were
obtained during the five-week data collection period. All
data, along with identification of subject, time and date of
session and test condition, were transferred to magnetic
tape. A data management scheme was devised to convert and
store the data on the University of Oklahoma IBM 3081 for
analysis using the Statistical Analysis System (SAS, 1982).

5.0 RESULTS

The results of the investigation will be presented in four
sections: (1) manikin figures, (2) training patterns, (3)
speed-accuracy tradeoff functions and (4) alcohol evalua-
tion,

5.1 Manikin Figures

Several factors have been previously identified as having
possible effects on response time and accuracy for the
Manikin Task. From a training standpoint, trial number
(1,2,...,7) is of primary importance. These performance
changes over time will be discussed in section 5.2 on
Training Patterns., Within each trial, individual periods
(1,2,3,4) may also show response differences. With respect
to individual manikin figures, the major factors are orien-
tation category (BE, BI, FE, FI), target shape (C, S) and
side of correct response (L, R). Finally, individual sub-
ject differences must also be examined,

19
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5.1.1 Analysis of Variance Model

Based on the above factors, a repeated measures analysis of
variance model including interaction effects was developed.
The factors included in the model are summarized in Table 1
and a layout of the data for a single subject is given in
Table 2.

Table 1. Summary of Factors for the
Analysis of Variance Model.

EFACTOR LEVELS
Orientation Category BE, RI, FE, FI
Target Shape Circle, Square
Side of Correct Response Left, Right
Trial Number 1,2,3,4,5,6,7
Period Number 1,2,3,4
Subject A,B,C,D,E
Replication 1,2,3,4,5,6

Table 3 provides the results of the analysis of variance
with respect to the main factors, all two-way interactions,
and three-way interactions involving the subject variable.
All higher-order interactions were nonsignificant at an
alpha level of 0.01 except for the TARGET®*SIDE*TRIAL®SUBJECT
and SIDE#®*TRIAL*PERIOD®SUBJECT interactions. Throughout the
analysis, there appeared to be strong individual subject
interactions involving side of correct response and trial
number. However, interpretation of these interactions is
questionable at best.

20
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Data Layout for a Single Subject.

Table 2.

BI FE FI

BE

Orientation

Target

L R L R

R

L

Side

Trial

Period

(as above, six replications per cell)
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Table 3. Analysis of Variance - Training Response Times.
SOQURCE DF SS MS F
Orient 3 44160998 14720333 12.58%
Target 1 202547 202547 1.37
Side 1 5327351 5327351 2.29
Trial 6 210927099 35154516 22.19%
Period 3 8754586 2918195 13.91%
Subject 4 292523751 73130938 2526.81%
Orient¥*Subject 12 14045946 1170496 4o, 4yy*
Target®Subject 4 589633 147408 5.09%
Side®*Subject y 9323445 2330861 80.5u#%
Trial®*Subject 24 38017491 1584062 54,73%
Period#*Subject 12 2517862 209822 7.25%
Orient*Target 3 884750 294917 6.63%
Orient#Side 3 2238821 T4627H 1.03
Orient®*Trial 18 2725135 151396 2.26%
Orient*Period 9 119579 13287 <1.00
Target®*Side 1 128310 128310 9.88
Target¥®Trial 6 170929 28488 <1.00
Target®*Period 3 120107 40036 1.35
Side*Trial 6 143701 23950 <1.00
Side®*Period 3 5955 1985 <1.00
Trial*Period 18 6313230 350735 3.00%
Orient®*Target¥*Subject 12 533687 yuyTy 1.54
Orient#Side#*Subject 12 8688266 724022 25.02¢%
Orient®Trial#%Subject 72 4829497 67076 2.32¢%
Orient*Period®*Subject 36 1438180 39949 1.38
Target*Side®*Subject ) 51970 129593 <1.00
Target*Trial®*Subject 24 819227 34134 1.18
Target#*Period#Subject 12 355776 29648 1.02
Side#*Trial*Subject 24 2993375 124723 B,31%
Side®*Period#Subject 12 354645 29554 1.02
Trial*Period¥#Subject 72 8408857 116790 4,ous
ERROR 11200 324147860 28942
TOTAL 13439 1046252859

# . significant at alpha = 0.01




The mean response time for all training trials was 855 msec
with 96.60% correct responses, 2.75% incorrect responses and
0.65% missed responses. The mean response time for the
correct responses (876 msec) was noticeably faster than the
mean response time for the incorrect responses (910 msec).
Discussion of the analysis of variance results for each of
the main factors is included within the following sections.

5.1.2 Qrientation Category

Response time and accuracy data for the four orientations
are presented in Table 4. The data represent summary
statistics collapsed across all training trials (1 through
7) and all subjects. Mean response times for correct and
incorrect responses are presented separately.

Table 4. Training Data by Orientation Category.

BE BI FE FI
Response Time (msec)
Overall Mean 808 969 873 888
Standard Dev. (258) (303) (257 (271)
Mean Correct 802 956 871 877
Mean Incorrect 862 963 810 971
Accuracy
% Correct 98.16 94.71 96.77 96.74
% Incorrect 1.44 4,11 2.88 2.56
% Missed 0.40 1.18 0.35 0.70
BE=Back~Erect BI=Back-Inverted

FE=Front-Erect FI=Front-Inverted
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There were highly significant differences in the response
times and accompanying differences in the accuracy levels
for the orientations. The order of difficulty was identical
to that reported by Reader et al. (1981). The easiest
orientation was the back-erect figure (808 msec, 98%) which
provided a direct spatial association to the subject viewing
the CRT. Next, the front-erect and front-inverted figures
had almost identical response times (880 msec) and accura-
cies (97%). The back-inverted figure was most difficult
(969 msec, 95%) requiring an average 160 msec of additional
response time above that of the back-erect figure. These
results are illustrated in Figure 2. The differences in
accuracy were examined using a Chi-square contingency
analysis and found to be significant with p < 0,0001.

A comparison of response times for correct vs. incorrect
responses failed to reveal a consistent pattern. Inde-
pendent of orientation, some subjects responded more quickly
on correct responses while others responded more quickly on
incorrect responses.
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Figure 2. Training Data - Response Time vs. Orientation.
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5.1.3 Iarget Shape

As observed from Table 5 and Figure 3 and verified by
analysis of variance and Chi-square tests, there were
absolutely no differences in response time or accuracy
between the circle and square targets. This confirms the
results obtained by Reader et al. (1981). However, the mean
correct response time was lower than the mean incorrect
response time for circle targets. The times were approxi-
mately equal for the square targets. The reason for this
difference was not evident.

Table 5. Training Data by Target Shape.

Circle Square

Response Time (msec)

Overall Mean 881 889

Standard Dev. (278) (280)

Mean Correct 871 896

Mean Incorrect 923 880
Accuracy

% Correct 96.57 96.62

% Incorrect 2.74 2.76

% Missed 0.69 0.62

501.“ si_dg_mmu&m

Of particular interest was the effect of side of correct
response (L vs. R). In previous versions of the task, the
subject made a "left" response by pressing a button in his
left hand and a "right" response by pressing a button in his
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Figure 3. Training Data - Response Time vs. Target Shape.
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right hand., It was hypothesized that this might explain the
difference in left vs, right response times, A different
method of obtaining subject responses was used in this in-
vestigation. Two buttons, 6.4 cm apart, were mounted on a
response panel. The subject registered a response by press-
ing either the left or right button, always using the same
finger of the right hand. Thus, the data would indicate if
the difference between left-side and right-side responses
was related to central processing vs. motor differences.

As seen from Table 6 and Figure 4, there was a tendency for
faster right-side responses. Although the magnitude of the
difference (40 msec) was larger than that reported by
Reader, it was not even marginally significant as determined
by the analysis of variance. Furthermore, the accuracy
levels were almost identical. Thus, the data does not
confirm any statistically significant difference in spatial
processing performance related to left vs. right side of
response, The differences reported by Reader, if

Table 6. Training Data by Side of Correct Response.

Left Right

Response Time (msec)

Overall Mean 905 865

Standard Dev. (291) (265)

Mean Correct 894 858

Mean Incorrect 905 914
Accuracy

4 Correct 96.35 96.83

% Incorrect 2.80 2.70

% Missed 0.85 0.47
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statistically significant, were possibly caused by the
additional time required by right-handed subjects to execute

responses with their left hands. In both studies, all

subjects were right-handed.

5.1.5 PRerijod

Response time and accuracy data as a function of period
number are presented in Table 7. There was a progressive
decrease in response time and a corresponding increase in
accuracy from period 1 (923 msec, 96%) through period 4 (853
msec, 97%). Analysis of variance and subsequent pairwise
comparisons verified a highly significant difference between
the first and fourth periods. This difference was evident
across all subjects and was most pronounced in the early
trials (1 through 4). As seen from Table 8, the difference
was less evident in the late trials (5 through 7). This
explains the significant trial by period interaction.

Table 7. Training Data by Period.

PERIOD
1 2 3 4

Response Time (msec)

Overall Mean 923 889 873 853
Standard Dev. (309) (285) (267) (264)
Mean Correct 906 882 900 848

Mean Incorrect 979 899 867 844
Accuracy

% Correct 95.70 96.88 96.77 97.04

% Incorrect 3.13 2.56 2.75 2.56

% Missed 1.17 0.56 0.48 0.40
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Table 8. Training Response Times by Period -
Early vs. Late Trials.

PERIOD
1 2 3 4
Early 1016 970 938 917
Late 795 784 792 766

Again, no consistent pattern existed with respect to the
mean response times for correct vs. incorrect responses.
However, separating early vs., late trials did reveal a
decrease in mean correct response time with increasing
period number for the early trials.

5.1.6 Subject Differences

There were large individual differences in spatial process-
ing ability between the five subjects with respect to
response time (710 msec to 1130 msec) and accuracy (99.6% to
92.8%). These differences are summarized in Table 9. There
was little correlation between response time and accuracy
except that the subject with the slowest time also had the
lowest accuracy.

For response time, all two-way interactions involving sub-
jects were highly significant. With respect to orientation
category, Figure 5 shows that back-inverted was most diffi-
cult for all subjects and back-erect was easiest for most
subjects. Difficulty level for the other orientations dif-
fered with subject. The pattern for accuracy was even less

orderly.
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Table 9. Training Data by Subject.

SUBJECT
A B c D E

Response Time (msec)

Overall Mean 796 1130 710 964 823

Standard Dev. (229) (335) (158) (249) (168)

Mean Correct 796 1104 711 958 822

Mean Incorrect 759 1143 671 928 1160
Accuracy

% Correct 95.77 92.84 97.73 97.20 99.58

% Incorrect 4,13 4,72 2.27 2.18 0.39

% Missed 0.10 2.44 0.00 0.62 0.03

The TARGET®*SUBJECT interaction, although statistically sig-
nificant, was minimal from a practical standpoint. Three
subjects performed slightly better with circle targets and
one subject slightly better with square targets. Accuracies
for all subjects were consistently equal for circle and
square targets.

The SIDE®*SUBJECT interaction was highly significant, with
two subjects showing a slight and one subject a major re-
sponse time advantage with right-side responses. Accuracies
for left vs. right were nearly identical for each subject.

With respect to the PERIOD#SUBJECT interaction, some sub-
jects did not show as strong an improvement from period 1 to
period 4 as did others. The TRIAL®SUBJECT interaction will
be discussed in the following section,
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Figure 5. Response Time vs. Orientation by Subject

The significant higher-order interactions involving subjects
serve to reinforce the fact that strong individual differ-
ences existed., Further explanation of these interactions
will not be attempted.

33




[ &)

5.2 Training Patterns

Learning curves were derived to fit the data for the first
seven sessions, both on an individual subject and combined
basis. Least-squares regression techniques using a power
function and a negative exponential function were performed.
Separate plots were also generated for the various levels of
orientation category, target shape and side of correct
response to isolate those levels which have an inherently
slower learning rate than the others.

5.2.1 Qverall

Table 10 presents the response data as a function of trial
number to illustrate the learning characteristics of the
task. With the exception of trial 1, there was little
change in the percent correct throughout the training stage
of the investigation. However, there was a consistent

Table 10. Training Data by Trial Number.

TRIAL
1 2 3 y 5 6 7
Response Time (msec)
Overall Mean 1149 958 883 851 819 788 T4y

Standard Dev. (342) (290) (244) (240) (213) (200) (178)
Mean Correct 1117 945 879 850 817 786 T42
Mean Incorrect 1307 1044 825 823 794 774 793
Accuracy

g % Correct 94.06 96.98 96.72 96.09 97.86 97.71 96.72
% Incorrect 2.97 2.03 2.76 3.70 2.04 2,19 3.23
4 Missed 2.97 0.99 0.52 0.21 0.10 0.10 0.05

»
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decline in the number of missed responses from a total of 57
in the first trial to 1 out of 1920 in the seventh trial.
This decline was confirmed by a Chi-square contingency table
analysis which showed significant differences at p < 0.0001,
Response time means and standard deviations decreased
according to a standard learning curve as shown in Figure 6.

5.2.2 Individual Subject

Summaries of the response data as a function of trial number
for each subject are provided in Appendix A, Figure 7
provides a comparison of the response times over the trials
for the five subjects. For all but the best subject, the
greatest improvements occurred in the first two trials.
With the exception of one data point (subject A, trial 1),
the performance rank order of the subjects was maintained
throughout all seven trials. This reinforces the stability
property of the Manikin Task. A plot of response time
standard deviation (Figure 8) shows a similar but less
stable pattern of improvement.

No clear pattern of response accuracy emerged for the dif-
ferent subjects with one exception. All subjects showed a
constant decrease in the number of missed responses over
time. Two subjects had missed responses only in the first
trial and one subject had no missed responses out of 2688
stimuli.
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5.2.3 WI

Plots of response time vs., trial for orientation category
(Figure 9), target shape (Figure 10) and side of correct
response (Figure 11) all indicate the remarkable stability
of the task over time with respect to each of these factors.
The slight ORIENTATION®TRIAL interaction indicated by the
analysis of vaiance is barely observable in Figure 9, which
does clearly show the relative difficulty of the different
orientations. The independence of target shape is easily
seen in Figure 10 as is the slight but constant left vs.
right difference in Figure 11,

5.2.4 Learning Curves

Least-squares regression using the SAS NLIN procedure was
performed to generate response time learning curves for the
overall data and for each subject. Two potential functions
were examined:

RT

A * (TRIAL®*#B) with B < 0 (1)

RT

A + B % EXP(-C #* TRIAL) (2)

In all cases, function (2) yielded the smallest residual sum
of squares partially due to the increased number of
parameters to be estimated. Figure 12 shows the negative
exponential regression curve (and indicates the adequacy of
fit) for the overall data.
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Table 11 provides a comparison of the regression parameters
for both functions and all five subjects. In function (2),
the parameters B and C together indicate the individual
| subject's rate of learning as can be verified by comparison
with Figure 6. As the trial number increases, the exponen-

. tial term approaches zero. Thus, the parameter A represents

the asymptotic level of response time after the task is
fully learned. For three of the subjects (4,B,E), the value
of A was very close to the mean response time for the
bs seventh trial. For the other two subjects (C,D), the value

of A was much lower than the seventh trial mean indicating
that performance improvements with additional training might
have been expected.

Table 11. Learning Curve Regression Parameters by Subject.

— FUNCTION 1 —FUNCTION 2 =
Resid. Resid.
A B SS A B C SS
SUBJECT

A 1111 -0.29 17932 676 1274 0.97 9085

B 1481 =-0.22 8821 952 932 0.54 4240

c 832 -0.13 2563 525 350 0.18 1477

D 1238 -0.22 15306 584 730 0.18 14575

E 999 -0.16 7127 758 670 0.89 1971

5.2.5 Acquisition of Stabilized Performance

Although the previous analyses were based on the first seven
trials, most subjects required eight trials to meet the
stability criterion of less than £5% deviation from the mean
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of the preceding two trials, A comparison of the actual
deviation vs. the predicted deviation based on the negative
exponential curve fit shows the extent to which the termina-
tion criterion was satisfied (Table 12). An insufficient
number of trials at the stabilized (flat) portion of the
learning curve prevented any further analysis of the differ-
ential stability of the task,

Table 12. Response Time Deviation at Training Termination.

SUBJECT
A B c D E

Trial 7

Actual % ~-12.4 -6.3 =2.2 -11.6 -3.4

Predicted % -0.8 -2.8 -4.8 -7.6 ~0.6
Trial 8

Actual % -8.9 +3.2 -— -3.9 +3.8

Predicted % -0.3 -1.7 -—- -6.7 -0.1

% Deviation of Trial N =
[RTN-(RTN_1+RTN_2)/2]/[(RTN_1+RTN_2)/2] ®# 100

Based on the predicted values, all subjects except subject D
satisfied the stopping criterion. This reinforces the
previous statement concerning the discrepancy between the
value of parameter A for subject D and the response time for
trial 7. Subject C, who was also identified for further
improvement based on the value of parameter A marginally met
the stopping criterion based on the curve fit.
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5.3 Speed-Accuracy Tradeoff
I The deadline procedures used to force faster response times
successfully produced a shift in both response time and
accuracy. Mean values for these variables under baseline
conditions are given in Table 13. A further breakdown by
' period is given in Appendix B.
v Table 13. Baseline Data under Deadline Conditions.
il
Response Time (msec) | DEADLINE (msecg)
. Accuracy (% correct) | 400 700 1000
(]
SUBJECT !
A i 519 601 655
i | 71 98 99
'
B i 383 533 540
i 56 96 98
& |
C | 654 688 T43
! 79 88 95
I
D ! 554 629 T14
D
' ! 72 89 98
i
E | 431 576 608 ‘
| 62 96 98
< p
Mean | 508 605 652 ]
i 68 93 98 ]
P {
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All subjects produced significantly different reponse times
and accuracies under all three deadlines. For the 1000 and
700 msec deadlines, subjects were able to consistently beat
the deadline for all stimuli. Only one subject consistently
met the 400 msec deadline and this was with a considerable
sacrifice in accuracy (56%). Other subjects responded up to
250 msec late on the average.

Significant declines in accuracy accompanied the reduced
reponse times. Statistical analysis indicated that all
three deadlines produced significantly different (p < 0.01)
levels of accuracy as measured by the percentage of correct
responses. To summarize, the percentage of correct
responses dropped from 98% at 1000 msec to 93% at 700 msec
followed by a sharp decline to 68% at 400 msec. A combined
analysis of variance for the baseline and alcohol conditions
was performed for both response time and percentage correct.
These results are presented in the following section.

Although the changes in response time and accuracy were
quite pronounced, attempts at constructing realistic speed-
accuracy tradeoff functions met with limited success. Pri-
marily due to the large subject variability, an adequate
overall speed-accuracy relationship could not be obtained.
This difficulty is easily seen in the "scatter plot" in
Figure 13 which shows a least-squares linear regression fit
of percent correct vs. reaction time for the baseline and
alcohol conditions. Various transformations of the accuracy
data did not improve the ability to generate meaningful
tradeoff functions. In lieu of this approach, individual
speed-accuracy plots were generated for each subject under
baseline and alecohol. Further discussion of these speed-~
accuracy plots is included in the following section on
Alcohol Evaluation.
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5.4 Alcohol Evaluation

Mean values of response time and accuracy for each subject

under the alcohol condition are given in Table 14.
further breakdown by period may be found in Appendix B.

Table 14,

Alcohol Data by Subject.

Response Time (msec)

]
{
Accuracy (% correct) |

400

DEADLINE (msec)

SUBJECT

A

533
59

423
54

696
49

602
58

700 1000
630 723
94 96
546 556
89 91
660 74
61 76
561 762
68 92
596 648
T4 90
599 693
T7 89
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On the average, response times under alcohol were slightly
higher than under baseline conditions. 1In every instance
(15 comparisons), accuracy under alcohol was lower than
under baseline. This relationship held for all subjects and
all deadlines. The following parts of this section provide
separate discussions of (1) BAC levels, (2) response time,
(3) accuracy and (4) speed-accuracy tradeoff.

5.4.1 BAC Levels

The alcohol administration procedure successfully produced
the desired BAC level of 0.08% within + 0.01% for all sub-
jects., Examination of the breath-analysis readings taken
prior to the start of the session and between periods within
each session re