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ABSTRACT 

Researchers have struggled with the problem of obtaining an "accurate" operational 

definition of drowsiness. Drowsiness is difficult to define because it may involve many 

different indicators, such as different physiological measures. This thesis consists of two 

separate, but related, experiments to determine an optimal method of determining 

whether or not an individual is drowsy via physiological and observed measures. The 

. first part of the experiment used behaviorally trained observers to rate different subjects 

on the level of drowsiness observed. The data collected showed that trained raters are 

relatively consistent when rating drowsiness. 

The second part of the experiment tried to determine if there is a good 

physiological model to predict performance impairment due to drowsiness by collecting 

data on sleep deprived subjects. The subjects were given two interleaved tasks~ low level 

and high level cognitive tasks, to perform while twenty-one performance and behavioral 

measures were collected. The results show that a regression model can be developed 

using eyelid closure measures, simple EEG measures and simple heart-rate measures to 

predict performance impairment due to drowsiness. 
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Background 

CHAPTER! 

EXPERIMENTAL EVALUATION OF SUBJECTIVE 
RA TINGS OF DROWSINESS 

INTRODUCTION 

The human factors research literature contains very few reports of studies which use 

observers to rate the level of drowsiness exhibited by an individual. Most of the literature 

that exists uses the subjects to perform subjective ratings. For example, the subjects fill 

out a questionnaire or a scale that expresses the level of drowsiness experienced during 

the study. It would be useful to know if informed individuals other than the subjects are 

able to consistently and accurately rate the level of drowsiness of the subjects. The results 

would indicate if subjective ratings are useful tools for evaluating the level of drowsiness. 

Subjective ratings in this case refer to having an individual rate the level of drowsiness of 

another individual. 

Also, a high-level agreement between raters would indicate that only one rater is 

necessary to perform the rating. A study using one rater as opposed to, say, 10 raters 

would help reduce analysis time and costs. Because the time and costs associated with 

evaluating the level of drowsiness are important in research, it is necessary to examine the 

bias and accuracy of the various observers when rating the level of drowsiness. If research 

could demonstrate that agreement between and within raters is high, then evaluation of 

drowsiness can be accomplished through a rating process using an individual or individuals 

other than the subject. 
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Research Objectives 

The primary research objective of this study was to detennine, in a relatively simple 

manner, if infonned individuals (subjects of the study in this case) are able to consistently 

and accurately rate the level of drowsiness. Consistency within raters and consistency 

between raters was evaluated by detennining intrarater reliability, test-retest reliability, and 

interrater reliability. Thus the specific objectives were as follows: 

Objective 1: To detennine intrarater reliability. (To detennine if the same rater 

assigns scores consistently.) 

Objective 2: To detennine test-retest reliability. (This involves whether a rater will 

score similarly on the same measure at two different points in time.) 

Objective 3: To detennine interrater reliability. (Interrater reliability refers to the 

ability of different raters to assign similar scores using the same 

instrument under the same conditions.) 
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LITERA TURE REVIEW 

Subjective Ratings by Subjects 

As mentioned, little literature exists concerning observers' subjective ratings of 

drowsiness. Most of the relevant literature has been concerned with subjective ratings by 

the subjects themselves (Ogilvie, Wilkinson, and Allison, 1989; Yoshitake, 1971; 

Yoshitake, 1978; Rosa, Wheeler, Warm, and Colligan, 1985). These studies presented the 

subjects with scales or questionnaires to fill out either during or after completion of an 

experiment. The issue addressed was the feeling of fatigue at a given time during the 

experiment. Most of the studies have used the Stanford Sleepiness Scale (which is a 7-

point Likert-type scale) or the fatigue rating scale developed by Yoshitake (1971, 1978). 

The study by Ogilvie et al. (1989) found that there was a high correlation between the 

subjective index (the Stanford Sleepiness Scale) and behavioral and physiological 

variables. The study further suggests that the subjective index would be a useful identifier 

of progress towards early phases of sleep (Ogilvie et al., 1989). Another study found a 

high correlation between subjective ratings (using the Stanford Sleepiness Scale and 

questionnaires) and performance measures (Rosa et al., 1985). The two types of cognitive 

tasks used as indicators of performance were grammatical reasoning and digit addition. 

Again, these studies used ratings given by the subjects as opposed to using ratings given 

by observers. 

Subjective Ratings by Observers 

The literature search found only one study pertaining to observer rating of 

drowsiness (Carroll, Bliwise, and Dement, 1989). In particular, interrater reliability of 

observations was examined. This study used two individuals to observe the disturbances 

of the sleep-wake cycle in 39 nursing home residents. The observations were made during 
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daytime and nighttime. The results exhibited a high interrater reliability when observing 

the sleep-wake cycle. The study results suggest that use of behavioral observations is an 

appropriate approach to studying the sleep-wake cycle in nursing home settings. 

While the literature does suggest the notion of using observers to assess level of 

sleep and sleep related decrements, the possible applications to driver drowsiness have not 

been studied. Furthermore, none of the studies previously performed provides an 

adequate basis for extrapolation to driving, and in addition, only one deals with issues of 

consistency and reliability. Thus, to reach the objectives previously stated, it was 

necessary to conduct an experimental study. 
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METHOD 

Subjects 

Six individuals (three males and three females) volunteered to participate in this 

study. These individuals were graduate students in the Human Factors Engineering 

program at Virginia Polytechnic Institute and State University. Human Factors students 

were chosen because of their familiarity with subjective rating procedures and human 

factors methodology. Such individuals would be typical of those ordinarily performing 

observer ratings. Each rater received $5.00 per hour for participation. The study took a 

total of approximately two hours for each individual to perform. Each individual 

participated in two separate sessions, each lasting approximately one hour. 

Apparatus 

Previous experiments involving drowsy drivers had been performed in the Vehicle 

Analysis and Simulation Laboratory, in which low-light level video recordings of die 

drivers' faces had been made. The videotapes were retained for archival purposes and 

were available for use in the preset:lt study. The tapes showed drivers driving a computer 

controlled, moving-base driving simulator, and contained episodes of a variety of levels of 

apparent drowsiness. Thus, segments of the tapes could be transferred to new master 

tapes for use in the present experiment. 

The subjective ratings of the video segments were performed in the Vehicle Analysis 

and Simulation Laboratory using a NC Super VHS stereo video cassette recorder and a 

20-inch Sony Trinitron color monitor. This system was used to playback segment 

recordings of different drivers at various levels of drowsiness. The segments were dubbed 

onto two separate tapes. The segments to be dubbed were located using a Panasonic 

VHS stereo video cassette recorder and a 20-inch General Electric color monitor. Once 
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located, the segments were transferred from tape to tape using a NC Super VHS 

camcorder and the NC Super VHS stereo video cassette recorder mentioned above. 

After all segments were transferred from one tape to the other, the tapes were audio 

dubbed using the NC Super VHS stereo video cassette recorder. 

The scale used to perform the rating task was a form of the Likert Scale known as a 

Descriptive Graphics Scale. The continuous scale consisted of five descriptors: Not 

Drowsy, Slightly Drowsy, Moderately Drowsy, Very Drowsy, and Extremely Drowsy. 

There was one scale for each segment totaling 48 scales (24 scales for each session). The 

scale is displayed in Appendix A with more than one scale on a page. However, for the 

experiment, each scale was on a separate slip of paper, approximately 22 cm wide and 7 

cm high to avoid influences from previous scores. 

A Macintosh II personal computer was used to analyze the data from this 

experiment. This computer contained 5 megabytes of random access memory. The 

SuperANOVA computer software package, version 1.11, and the EXCEL computer 

software package, version 3.0, were used to perform statistical analyses of the resulting 

data. 

The experimental protocol was reviewed for exemption by the chairman of the 

Institutional Review Board (IRB). The experiment was approved for exemption because 

the only data gathered were survey data in an experimental setting that had no risks to the 

observers. 

Experimental Design 

The experimental design used in this study was a single factor within-subject 

complete factorial design. The single factor was Subject (in this case, the rater). This 

main factor (with six levels) was treated as the independent variable. By treating Subject 

as the independent variable, each cell of the experimental design contained 48 replications 
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of the rating task. In this experimental design, Subject was a within-rating-task variable 

rather than Rating-Task being a within-subject variable. The dependent variable was the 

raw-error-rating-scores. Errors were defmed as differences from the mean across raters. 

There were 48 scores per experimental cell giving a total of 288 data points. 

The 48 segments to be rated were divided into two groups and then recorded onto 

two video tapes (24 segments per tape). The segments represented various levels of 

alertness/drowsiness and were assigned to a location on the tape. One tape was presented 

during the frrst session and the other tape was presented during the second session, which 

occurred approximately one week after the frrst session. A counterbalanced design was 

used in which half the raters received Tape A frrst followed by Tape B, while the other 

half of the raters received Tape B frrst followed by Tape A. Raters 1, 2 and 3 (two males 

and one female) received Tape A then Tape B while Raters 4, 5 and 6 (two females and 

one male) received Tape B then Tape A. The reason for having two video tapes separated 

by one week was to allow the determination of test-retest reliability. 

Intrarater reliability. On each of the tapes, three of the segments were repeated on 

that same tape. On Tape A, Segments 3, 8, and 10 were repeated as Segments 23, 18, 

and 19 respectively. Likewise, on Tape B Segments 3, 8, and 10 were repeated as 

Segments 23, 18, and 19, respectively. The three segments repeated on Tape A were 

different segments from those repeated on Tape B. During a particular session, the rater 

was exposed to the three segments twice. The repetition of segments gave six sets (pairs) 

of scores for each rater which were used to determine intrarater reliability. 

Test-retest reliability. In addition to having three of the segments repeated within 

each session, three different segments from the frrst session were repeated in the second 

session. Segments 5, 12, and 20 from Tape A were repeated as Segments 20, 12, and 5, 

respectively, on Tape B. Therefore, each rater was exposed to these three segments a 
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second time during Session 2. This procedure of repeating segments gave three pairs of 

scores per rater for use in determining test-retest reliability. 

Interrater reliability. To determine interrater reliability, all repeated segments and 

the ftrst segment (the practice segment) were deleted from the data. Only those segments 

that were not repeated were used in the statistical analysis. After deleting the repeated 

segments, there were a total of 28 segments per rater (14 segments from each session) 

remaining. 

Procedure 

Subject procedure. Each rater participated in two sessions with the second session 

occurring approximately one week after the ftrst session. For both sessions, the rater 

reported to the Vehicle Analysis and Simulation Laboratory. On the ftrst day of the 

experiment, the rater was asked to read the general instructions for the experiment. These 

instructions are displayed in Appendix. B. Once the instructions were read, the rater was 

asked to read the informed consent form and sign the form if he or she agreed to the 

conditions of the study. The informed consent form is displayed in Appendix. C. 

Questions concerning the instructions, the informed consent form, or the experiment in 

general were answered at this time. Once the rater signed the informed consent form and 

questions were answered, the rater was seated in front of the VCR and monitor where the 

experiment was to be performed. At this point the experimenter reviewed the instructions 

and gave additional instructions. These additional instructions included showing the rater 

the rating forms, giving examples of how to correctly mark the scales, and providing the 

rater with the "Description of Drowsiness Continuum" form. This form contained a 

description of the various levels of drowsiness and gave the raters an idea of the 

characteristics to look for when rating the segments. This form is shown in Appendix. D. 

The rater was allowed to read the description form and ask any further questions before 
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the experiment began. At any time during the experiment, the rater was allowed to refer 

to the description form. 

When the rater returned after approximately one week for the second session, the 

written instructions were offered to the rater to review if he or she felt it was necessary. 

Once the instructions were reviewed (if so desired), the rater was seated in front of the 

VCR and monitor. The experimenter verbally reviewed the instructions with the rater, 

allowed the rater to review the Description of Drowsiness Continuum form, and answered 

any questions from the rater. 

Experimental task procedures. The rating task consisted of having the rater view 24 

segments of different drivers at various levels of drowsiness for each session and 

subjectively rate the segments on the given rating scale. When the experimental session 

began, the [rrst videotaped image appeared on the screen. A short time thereafter, a 

recorded voice instructed the rater to begin the evaluation for that segment. For example, 

at the beginning of Segment 1, the rater heard "Begin, Segment 1." This command 

informed the rater that the evaluation period for segment 1 had begun. The rater carefully 

observed the videotaped driver until a second voice command, "End, Segment 1" was 

given. This command informed the rater that the evaluation period was over and that the 

rater was to provide a rating on the scale provided. The rater observed the beginning of 

the videotaped image prior to the "Begin, Segment _" command, but was instructed to 

only rate the interval between the "Begin" and "End" commands. 

After the "End" command was given, the segment continued for 15 seconds, but the 

rater did not evaluate this section. Once the 15 seconds had elapsed, the screen went 

blank for 10 seconds before the next segment appeared. The rater used the last 15 

seconds of the segment and the 10 seconds of blank screen in between the segments 

(totaling 25 seconds) to provide a rating. If this amount of time was insufficient, the rater 
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asked the experimenter (who sat behind the rater) to pause the tape until the evaluation 

was completed. This pausing technique allowed the rater to refer to the Description of 

Drowsiness Continuum sheet. Once the rating was accomplished, the experimenter 

restarted the tape. The rater could also change an answer if desired, but only if the rating 

was changed before the next segment started. (Only the current segment rating could be 

changed.) The rater was not permitted to go back to a previous segment to change a 

rating. The sequence continued until all 24 segments had been rated. 
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RESULTS 

The fIrst step in analyzing the data was to convert the subjective scores on the rating 

scale to a numerical value. This task was accomplished by converting the scale to a 

hundred point scale and then measuring the location of the given rating. The second step 

was to pair the repeated segments to perform the correlations on these data. The third 

step was to eliminate the paired data points and the practice segment from the original 

data set. The fInal step was to convert the original data scores into raw error rating scores 

and absolute error rating scores. The mean of each segment was determined and ranked 

from low to high. Each rater's raw data were then plotted against this ranking, as shown 

in Figure 1. The graph suggests that there was little, if any, error of central tendency in 

the experiment. Error of central tendency refers to placing ratings in the middle of the 

scale and avoiding extreme positions. It can be seen from the graph that raters rated at 

both the low ends and the high ends of the scale as well as near the middle. 

The raw mQI scores were obtained by subtracting each segment's mean score from 

the score given by each rater. Because there is no numerical (or objective) defmition of 

drowsiness, an independent variable did not exist for this experiment. Therefore the raters' 

scores were compared to the mean segment score to determine consistency of the scores. 

The absolute error scores were obtained by taking the absolute value of the raw error 

scores. Thus, 28 raw error scores and 28 absolute error scores were derived for each 

rater resulting in a total of 168 raw and absolute error scores across all six raters. Because 

of the way the error scores were calculated, a positive error score indicated that the 

segment was overrated compared to the segment mean rating and a negative error score 

indicated that the segment was underrated compared to the mean rating for that segment. 

Four different correlations and four paired t-tests were performed on the data. The 

criterion for acceptability for the correlations was 0.80. The fIrst correlation compared 
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frrst exposure to second exposure for the segments that were repeated within a session. 

As mentioned, three segments were repeated in Session 1 and three segments were 

repeated in Session 2. Therefore, six pairs of data points per rater existed, giving a total 

of 36 data pairs with which to perform the correlation. This correlation was used to 

determine if raters tend to be consistent within themselves when scoring segments during 

the same time period. The measurement is an indication of intrarater reliability. A paired 

t-test was also performed on the data to confirm the findings of the correlation. 

The second correlation performed was to determine the relationship between frrst 

exposure ratings and second exposure ratings from session one only. There were 3 data 

pairs per rater (a total of 18 pairs) for this correlation. The third correlation was also used 

to determine the relationship between frrst exposure ratings and second exposure ratings, 

but these data came from session two. Again, 3 data pairs per rater, giving a total of 18 

pairs of data, were used to calculate the correlation. Both of these correlations are 

indications of intrarater reliability, but the sessions were analyzed separately to determine 

if a fatigue/learning effect existed. Once computed, the correlations were compared to 

one another to determine if a significant difference existed. Separate t-tests were 

performed on each of the two sets of data, again to confrrm the fmdings of the 

correlations. 

Finally, the fourth correlation was performed to determine test-retest reliability. The 

three segments from session one were paired with the corresponding repeated segments 

from session two. The three pairs per rater gave a total of 18 pairs with which to 

determine if raters consistently rated segments at two different points in time (i.e., over a 

week's period). A fourth t-test was performed on the data to determine if the difference 

between pairs was significantly different from zero. 
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Two Analyses of Variance (ANOVAs) were conducted on the data. The flrst 

ANOV A compared the raw error rating scores in each experimental cell to determine if 

there were any biases in rater ratings. Positive biases are indicative of a tendency to 

overrate segments as compared to the mean rating for that segment, while negative biases 

are indicative of a tendency to underrate segments as compared to the mean rating for that 

segment. In short, this analysis was used to determine if the raters rated the segments 

consistently from one observer to the next. The analysis gave an indication of interrater 

reliability . 

The second ANOV A compared the absolute values of the raw error rating scores in 

each cell to the mean of the segment. This measure made it possible to determine each 

rater's score deviation from the mean segment rating. Clearly, absolute error rating scores 

that are close (or equal) to zero indicate accuracy of rating with respect to the mean, 

whereas absolute error rating scores that are greater than zero signify less-than-accurate 

ratings with respect to the mean. Thus, the ANDV A indicated whether a difference 

existed in score deviations from the mean when comparing raters. 

Post-hoc analyses of signillcant main effects were performed using the Newman

Keuls pairwise comparison technique. This procedure was used to determine exactly 

which observers were significantly different from one another on the rating task. 

Finally, 15 separate correlations were performed on individual pairs of raters I non

repeated segments. For example, correlations were run between rater 1 data and rater 2 

data, between rater 1 data and rater 3 data, between rater 1 data and rater 4 data, between 

rater 1 data and rater 5 data, between rater 1 data and rater 6 data, between rater 2 data 

and rater 3 data, and so on. For each of the correlations, 28 pairs of non-repeated 

segments were used. These correlations gave an indication of the consistency between 
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individual pairs of raters. Once the correlations were run, an average was taken across all 

15 correlations to give an overall indication of consistency from one rater to the next. 

Analysis of Intrarater Reliability 

The Pearson r correlation procedure gave a correlation value of 0.88 (t = 10.92, d.f. 

= 34) for intrarater reliability. This value was significant at p < 0.001. The data used for 

this procedure are depicted in Figure 2 and indicate that raters consistently rated the level 

of drowsiness when asked to rate the same segment twice. The paired t-test gave a value t 

= 0.032 (d.f. = 35); p > 0.20. At an a = 0.05, the paired t-test indicated that the 

differences between pairs of data were not significantly different from zero. 

Session 1 Correlation versus Session 2 Correlation 

The comparison between the two session correlations did not show a significant 

difference. The correlation value for Session 1 was 0.93 and the correlation value for 

Session 2 was 0.85. Both these correlations are significant at p < 0.001 (t = 9.98, dJ. = 
16 for Session 1 and t = 6.35, dJ. = 16 for Session 2). Comparison of the two values 

indicated that they did not differ significantly from one another (p = 0.1335). This 

comparison suggests there was no learning effect from Session 1 to Session 2. (The 

correlation actually decreased from Session 1 to Session 2, but the difference was not 

significant.) The t-tests performed on these data were not significant (p > 0.20; t = -0.46, 

d.f. = 17 for Session 1 and t = 0.33, dJ. = 17 for Session 2). The results of the t-tests 

indicate that the differences of data pairs in both sets of data were not significantly 

different from zero. 

Analysis of Test-Retest Reliability 

The correlation value for test-retest reliability as determined by the Pearson r 

correlation procedure was 0.81 (t = 5.45, dJ. = 16). This value was significant at a p < 
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0.00 1. The data used for this procedure are depicted in Figure 3 and indicate that raters 

consistently rate the level of drowsiness when asked to rate the same segment twice with a 

given period of time (i.e., one week) separating the two exposures. The paired t-test gave 

a value t = 0.66 (d.f. = 17) which is not significant (p > 0.20), indicating that the 

differences between pairs of data were not significantly different from zero. 

Analysis of Raw Error Scores (lnterrater Reliability) 

As shown in Table 1, the ANOVA performed on the raw error scores revealed a 

significant main effect of Subject (F = 5.159, p = 0.001). This effect indicates that raters 

demonstrate differential biases when rating the level of alertness/drowsiness. Raters 1, 2, 

and 5 tended to underrate the level of drowsiness with respect to the mean and Raters 3, 

4, and 6 tended to overrate the level of drowsiness as shown by the mean rating error 

scores in Figure 4. Figure 4 also displays the standard deviation around the mean for each 

rater. Post-hoc analysis using the Newman-KeuIs technique (a = 0.05) revealed which 

raters were significantly different from one another. Rater 3 (mean = 8.17) rated 

significantly different from Raters 1 (mean = -6.90), 2 (mean = -3.94) and 5 (mean = 

--4.65). Rater 3 tended to overrate as compared to the mean while Raters 1, 2, and 5 

tended to underrate. Rater 4 (mean = 3.78) rated significantly higher as compared to the 

mean than Rater 1 (mean = -6.90). Rater 6 (mean = 3.53) rated significantly higher 

(when compared to the mean) than Raters 1 (mean = -6.90) and 2 (mean = -3.94). 

Surprisingly, the Newman-Keuls post-hoc test did not show a significant difference 

between Raters 6 and 5. The test also did not show a significant difference of Rater 4 and 

Raters 2 or 5. The differences in the means of these raters are greater than other 

differences in means which are significant, and seem to be an artifact of the Newman

Keuls post-hoc test. If one rater is removed and the test is readministered using only 5 

raters, then the above mentioned non-significant differences become significant. For 
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Table 1 

ANOVA summary table for raw error scores (interrater reliability). 

Source 

Between 

Segment (S) 

Within 

Subject (Su) 
Su¥S 

Total 

df SS 

27 0.0010 

5 4990.2440 
135 26115.2560 

167 31105.501 

* Greenhouse Geiser corrected p-value 

19 

MS 

4.3E-5 

998.0490 
193.4460 

F p 

5.159 0.001* 
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example, if Rater 2 is removed from the data, then Rater 4 is significantly different from 

Rater 5. If RaterS is removed, Rater 4 becomes significantly different from Rater 2. And, 

if the test is performed after removing Rater 4, Rater 6 is significantly different from Rater 

5. These observations indicate that the above mentioned raters should be considered as 

significantly different from one another. Accordingly, the raters then fall into two groups 

that are significantly different from one another. In Figure 4 the fIrst group is designated 

by the letter A and·the second by the letter B. 

Descriptively speaking, the means ranged from -6.90 to 8.17. The average standard 

deviation across all raters' scores was 12.5. This value is an indication of the spread of 

ratings that can be expected anytime an observer performs a rating on the level of 

drowsiness. 

Analysis of Absolute Error Scores 

As shown in Table 2, the ANDV A performed on the absolute error scores revealed 

no significant effect of Subject, F(5,135) = 1.537, P = 0.1929. This result suggests that 

individuals tend to display the same accuracy when it comes to rating the level of 

drowsiness. The mean absolute rating error for each rater and the standard deviation are 

depicted graphically in Figure 5. (The reader is cautioned however that differences are not 

statistically significant.) The average mean absolute rating error across all raters was 

10.85. This value is an indication of the expected magnitude of error (from the mean) for 

a rater rating the level of drowsiness. 

Correlations of Non-repeated Segments (lnterrater Reliability) 

The overall correlation value for interrater reliability as determined by averaging the 

individual Pearson r correlations was 0.81 (t = 3.707, dJ. = 26). This value was 

significant at a p < 0.00 1. The individual paired rater correlations as well as the average 
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Table 2 

ANOV A summary table for absolute error scores. 

Source df SS MS F p 

Between 

Segment (S) 27 2811.8940 104.1440 

Within 

Subject (Su) 5 458.8100 91.7620 1.537 0.1929* 
Su¥S 135 8060.4550 59.7070 

Total 539 8.2892 

* Greenhouse Geiser corrected p-value 
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correlation are shown in Table 3. The individual rater correlations range from 0.68 to 

0.91. These correlations and the average correlation indicate that ratings tend to be 

consistent between raters. In other words, the ratings from different raters tend to follow 

the same trend. 
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Table 3 

Interrater Correlation Matrix 

RATER 
NUMBER 

1 

2 

3 

4 

5 

2 

0.87 

RATER NUMBER 

3 4 5 6 

0.81 0.68 0.72 0.81 

0.85 0.79 0.85 0.91 

0.84 0.80 0.86 

r = 0.81 0.84 0.76 

0.80 
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DISCUSSION 

Interpretation of Results 

The correlation values for intrarater reliability and for test-retest reliability were 

greater than 0.80 indicating that raters tended to be consistent within themselves. 

Intrarater reliability correlation (0.88) was slightly higher than test-retest reliability 

correlation (0.81) and suggests that the raters may lose a small amount of consistency over 

time. However, according to the statistical test to determine if a learning/fatigue effect 

existed between Session 1 and Session 2, the two correlations were not significantly 

different 

A surprising outcome that resulted from the Pearson r procedure was that the 

correlation values decreased from Session 1 to Session 2 (.93 to .85, respectively). Even 

though the two correlations are not significantly different, it is not understood why the 

correlation value would decrease except by chance. Perhaps some sort of interference 

played a role in the decreased correlation. Boredom from performing the same task over 

again could have caused a reduction of attention in the raters during the second session. 

It is not surprising to fmd that there was a significant subject main effect in the 

ANOV A that was performed on the raw error rating scores. The subject main effect 

indicates that raters demonstrate differential biases when rating the level of 

alertness/drowsiness. Variability between raters can most likely be attributed to 

differences in individual defmitions of drowsiness. Even though each rater was provided 

with the same Description of Drowsiness Continuum form, the interpretations of these 

descriptions may vary across observers. 

According to the Analysis of Variance performed on the absolute rating error scores, 

raters' absolute error rating scores were not significantly different from one another. This 
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result suggests that different individuals tend to display the same accuracy when it comes 

to rating the level of drowsiness. 

The correlations performed between raters indicated that ratings are very consistent 

from one rater to the next. Even though raters exhibited biases, the trend of ratings was 

consistent from one rater to the next. The average between rater correlation was very 

high (r = 0.81). These findings indicate that different raters are able to consistently 

differentiate between different levels of drowsiness. The fmdings are also in agreement 

with the previously mentioned study by Carroll et al. (1989) which indicated that interrater 

reliability was high for observers studying the disturbances of the sleep-wake cycle. 

Conclusions 

Previously~ most subjective ratings of drowsiness were performed by the subjects on 

themselves either during or after the study. This type of experiment does not allow the 

experimenter to evaluate the consistency between raters. The present experiment was 

primarily designed to compare the accuracy, bias, and consistency of the various observers 

when rating the level of drowsiness. 

The results from this study indicate that there is a good degree of consistency among 

and within raters when rating the level of drowsiness using videotaped segments. The 

intrarater reliability and the test-retest reliability indicate that observers are very consistent 

within themselves. Even though the ANOV A of the raw error rating scores showed a 

significant effect of raters suggesting that inconsistent biases in ratings exist between 

raters, the correlation analyses between raters showed a high degree of consistency among 

the raters when differentiating the levels of drowsiness. The correlation analysis indicates 

that the scores from different raters tend to follow the same trends. Furthermore, the 

ANOV A performed on the absolute ratings as a function of rater was not significant. 
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Therefore, a good degree of consistency is present between raters rating the level of 

drowsiness. 
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CHAPTER 2 

DROWSINESS DEFINITIONAL EXPERIMENT 

INTRODUCTION 

Background 

Drowsiness is difficult to define because of fundamental conceptual difficulties. 

Erwin (1976) dermed drowsiness during task perfonnance as an "undesirable decrease in 

arousal level to the point that satisfactory perfonnance is no longer possible." Torsvall 

and Akerstedt (1988) dermed drowsiness as the "state during which sleep is perceived as 

difficult to resist, the individual struggles against sleep, perfonnance lapses occur, and 

sleep eventually ensues." Researchers have had difficulties obtaining an II accurate" 

operational defmition of drowsiness. The problem is subtle and not recognized by 

researchers in many cases. 

Previous drowsiness studies have used the "slow eyelid closure" measure as an 

indication of drowsiness and perfonnance decrement. "Slow" is added to distinguish 

closures from blinks (or fast closures) which are believed not as reliable in measuring 

drowsiness. Erwin (1976) showed that slow closures were a reliable predictor of the 

onset of sleep in previous research. These closures are "involuntary" and are different 

from blinks, which are defmed as rapid and random to some extent. A second important 

advantage to using the slow closure measurement is that drivers cannot effectively drive 

while their eyes are closed. Therefore, slow eyelid closure is both a physiological 

indicator and a perfonnance impairment indicator. Slow eyelid closure is considered to be 

a major component in the operational definition of drowsiness. 
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However, slow eyelid closure does have some limitations. The primary limitation is 

that there is a possibility that drivers may be severely drowsy, impaired, or both without 

exhibiting or before exhibiting slow eyelid closure measurements. The slow eyelid closure 

method can be used as an indicator, but the possibility of exceptions exist. 

The research described in this thesis involved an attempt to identify the form or the 

portion of drowsiness that is closely related to performance impairment. The goal was to 

obtain an operational defmition that reflects physiological changes normally associated 

with decrements in task performance and drowsiness or fatigue. Although slow eyelid 

closure is one measure, it may need to be supplemented with other measures, mainly 

because slow eyelid closure may not capture all cases of drowsiness or impairment due to 

drowsiness. The purpose of the research was to obtain one or more defmitions that meet 

the combined criteria of overt drowsiness and objective task performance decrement. 
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LITERA TURE REVIEW 

Magnitude of the Problem 

Accidents in driving. Previous research has shown that driver drowsiness or fatigue 

is a major cause of single and multiple automobile traffic accidents. Driving an automobile 

requires continual scanning of the environment to maintain control of the vehicle and to 

properly respond to obstacles and emergencies. When a driver is drowsy, the possibility 

exists that this person can not adequately perfonn the driving task. 

Many investigations have reported statistics involving driving and 

drowsiness/fatigue. Planque, Chaput, Petit, Tarriere and Chabanon (1991) report that 26 

% of the fatal crashes occurring on the motorway in France are caused by driver fatigue. 

Another paper reports that the rate of accidents due to drowsiness was 9% of all traffic 

accidents and that drowsiness is responsible for 45% of all deaths (Seko, 1984). These 

statistics were found in the 1973 survey by the Shizuoka Prefectural Police. Seko (1984) 

reports another survey done in 1980 by the Kanagawa Prefectural Police. This survey was 

based on questionnaires collected at the Ebina Service Area of the Tokyo-Nagoya 

expressway and found that 75% of all drivers surveyed had experienced drowsiness while 

driving. 

The 1982 Virginia traffic statistics reported that driver fatigue/drowsiness accounted 

for 3% of all fatal driving accidents (Virginia, Department of State Police, 1982). This 

percentage corresponds to 32 deaths. The statistic may seem low, but the Virginia 

Department of State Police (1982) report that many of the fatal accidents were reported 

without a cause. These causeless accidents leave open the possibility that the accidents 

were driver fatigue/drowsiness related. 

A UCLA study which compared a group of people classified as having poor trip

planning habits to a group of people classified as having good trip habits found that half of 
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the 126 drivers interviewed from both groups admitted to one or more instances of 

sleeping or dozing during extended periods of driving (Hulbert and Mellinger, 1970). It is 

interesting to note that before the study took place the group of people classified as having 

poor trip-planning habits admitted to having trouble staying awake on driving trips and the 

group of people classified as having good trip-planning habits said they had never had any 

problem staying awake while driving. The latter group must not have been aware of their 

drowsiness while driving since they reported no problems staying awake while driving, yet 

the study found that both groups had trouble staying awake. In other words, the tendency 

to become drowsy during driving did not depend on group classification. 

A study performed by Duke University in Durham, North Carolina indicates that 

drowsiness while driving is experienced by a significant portion of the driver population 

and that a statistically significant causal factor in vehicular accidents is driver drowsiness 

and falling asleep at the wheel (Tilley, Erwin, and Gianturco, 1973). In this study, 

questionnaires were administered to 1500 licensed North Carolina drivers. These drivers 

were questioned at the driver licensing station located in Durham, North Carolina. The 

results of the study found that 64% of the drivers surveyed indicated that "I become 

drowsy while driving." Among the drivers who experience drowsiness while driving, 10% 

admitted to having had near accidents and more than 10% admitted to having had one or 

more accidents due to drowsiness or falling asleep (Tilley et al., 1973). 

The Duke University study also investigated the subjects' awareness of the level of 

alertness while driving. Of the surveyed drivers who experienced difficulty with 

drowsiness while driving, 31.2% indicated that the drowsiness occurred before the driver 

became aware of the condition. For those individuals who are aware of the progression 

towards drowsiness, 93.7% indicated that they felt drowsiness was a reversible process. 
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In other words~ these drivers felt that they could do something to alert themselves without 

stopping the vehicle (Tilley et al., 1973). 

A recent investigation of accidents caused by drowsy drivers was conducted by the 

Office of Crash Avoidance (OCAR)~ NHTSA (1991). The fmdings summarized in the 

OCAR document further highlight the magnitude of the drowsy driver accident problem 

and will be quoted in the following sections. 

The summarized OCAR document reported that the driver fatigue/drowsiness traffic 

accident statistics are as follows: 

72,000 police-reported crashes cite driver fatigue/drowsiness involvement. 

These accidents make up 1.1 percent of all crashes. 

14,000 drowsy driver accidents involve serious injuries. These accidents 

make up 2.9 percent of all serious injuries. 

Of these drowsy driver accidents, 1550 involve fatalities which makes up 3.4 

percent of all fatalities. 

Due to underreporting, actual involvement of driver fatigue/drowsiness is 

probably much greater. 

The document also summarized the fmdings from the Duke University survey of 

1500 drivers. The findings from this survey are quoted as follows: 

69 percent of the drivers had experienced drowsiness while driving. 

Of these: 

10 percent had been involved in drowsiness-related crashes. 

Another 10 percent had experienced near-crashes. 

31 percent were initially unaware of their drowsiness. 
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A third section in the document summarized the statistics on crash characteristics. 

These findings.are quoted below: 

Driver fatigue/drowsiness accidents peak between midnight and dawn, with a 

second smaller peak between 2 and 5 p.m. Over 40 percent of these accidents 

occur between 1 am and 7 am. The accident rate is lowest between 9 am and 

noon. The time distribution is similar for fatal crashes. 

Approximately 70 percent of crashes occur in non-urban areas. 

Principal ftrst hannful events are as follows: 

Rollover: 7 percent 

Collision with other motor vehicle in transport: 17 percent 

Collision with parked vehicle: 6 percent 

Collision with fIXed objects (signposts, guardrails, culverts, trees, etc.): 

64 percent 

A majority of crashes occur on non-divided roadways. 

Most crashes occur on roadways with 55-65 mph speed limits. Of fatal 

crashes, 83 percent occur on roadways with 55-65 mph speed limits. 

Alcohol is reportedly involved in 13 percent of these crashes. For heavy 

trucks, there were no alcohol-related cases in the 1989 survey. 

The results of this OCAR document indicate that most accidents that are 

drowsiness/fatigue related occur in non-urban areas, occur between midnight and 6 AM, 

occur on non-divided roadways and occur where posted speeds are 55 to 65 mph. The 

document also indicates that drivers usually run off the road. These results provide 

important information on how to design simulation scenarios. Similar scenarios have been 

used in previous studies which will be discussed in the following section. 
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Scenarios of previous studies. Chapter 3 in the report Research on Vehicle-Based 

Driver StatuslPerformance Monitoring (Wierwille, Wreggit and Mitchell, 1992) discusses 

two pervious studies which used scenarios that resulted in clear indications of induced 

drowsiness and drowsiness/fatigue related driving behavior. A summary of the two 

studies as discussed in the report will be given here. 

The frrst study performed by Dingus, Hardee and Wierwille (1985) replicated the 

experiment in both a rested and sleep-deprived subject state. This replication allowed for 

direct data comparison between the two states. For the sleep-deprived runs, the design of 

the experiment had the subjects start at 2 AM and finish at approximately 3:30 AM. 

The second experiment performed by Hardee, Dingus and Wierwille (1985) also 

studied eye closures. This experiment was designed to evaluate secondary task 

effectiveness on driver drowsiness. The experiment was run using only sleep deprived 

subjects who had earlier practice at the task. The design of this second experiment had 

the test subjects begin the experiment at 12 AM and finish at 2:30 AM, with no data being 

collected during the frrst 30 minutes. It was assumed that the subject would be "fatigued" 

before the data were collected. 

In both studies, eyelid droop and closure measures were plotted over time. These 

plots can be compared to determine which situations resulted in the highest drowsiness 

levels in the test subjects. Figure 6 shows the results of the eyelid closure variable 

(EYEMEAS) in the experiment performed by Dingus, Hardee and Wierwille (1985). 

Figure 6 compares the time on task in the rested state with that of the sleep deprived state. 

Thus, the figure effectively shows that sleep deprivation and possibly circadian rhythm 

does result in greater eyelid droop and slow closure. In this figure, Segment 1 represents 

the average measure value for the frrst 30 minutes, Segment 2 for the second 30 minutes 

and Segment 3 for the final 30 minutes. 
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Figure 6: EYEMEAS means vs. driving segment plotted by sleep level 
(taken from Dingus et aI., 1985). 
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The eyelid closure results obtained from the second experiment performed by 

Hardee, Dingus and Wierwille (1985) are shown in Figure 7. The results show a higher 

level of drowsiness indicated by the EYEMEAS variable. In Figure 7, Segment 1 refers to 

the second 30 minutes, Segment 2 to the third 30 minutes and so on. EYEMEAS values 

for this second experiment ranged from 12900 to 21400, but EYEMEAS values ranged 

only from 4200 to 11900 for the previous study. 

Although the EYEMEAS variable differed between the two experiments, there is a 

correspondence between the two graphs. The latter experiment was run earlier in the 

evening, but the time on task was greater. If the two graphs are aligned so that the start 

times are aligned, there is a reasonable correspondence between the EYEMEAS value. 

Figure 8 suggests that the time on task has a greater influence than the start time of the 

experiment on drowsiness, assuming a moderate amount of sleep deprivation has 

occurred. Thus, to induce high levels of drowsiness, it is better to have the subjects 

perform the task for a period of time before actual data collection begins. In other words, 

time on task has a greater influence than does additional sleep deprivation. This 

information is useful when designing the experimental scenario. 

The results of these two studies concur with the findings of the OCAR document. In 

short, the scenario for drowsy driving should have the following general characteristics 

(Wierwille, Wreggit and Mitchell, 1992): 

1) The runs should take place between midnight and 3 AM. 

2) Drivers should have a minimum of 2 1/2 hours of driving. The last hour of this 

driving is most likely to produce maximum impairment due to drowsiness. 

3) The simulated roadway should be two-lane, undivided, and rural. 

4) Drivers should be instructed that the speed limit is, say, 55, 60 or 65 mph. 

37 



EYEMEAS 

22000 

21000 

20000 

19000 

18000 

17000 

16000 

15000 

14000 

13000 x 

12000 

1 2 3 4 

SEG:MENT 

Figure 7: EYEMEAS means vs. driving segment (taken from Hardee et 
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5) Drivers should have been awake since approximately 7 AM the day before (Le., 

approximately 17 hours of wakefulness prior to driving). 

6) Drivers should not be permitted to ingest stimulants during the evening prior to 

their runs, or during the runs, and should be prevented from napping prior to 

their runs. 

Classical Stages of Sleep 

Individuals experience different levels of sleep as they transition from wakefulness to 

REM sleep. It is important to understand these stages of sleep that the individual 

experiences and which stages are most important for driver drowsiness detection studies. 

This section discusses the classical stages of sleep and then describes the most important 

stages, from the point of view of driver impairment. 

Carskadon (1980) presents a summary of the different stages of sleep. Even though 

individual variations occur, the summary can serve as a guideline for sleep stage 

identification. The stages start with wakefulness, proceed to stage 1, stage 2, stage 3 and 

stage 4 sleep, and then progress with REM sleep. Carskadon's summary is presented 

below. 

Stage W (wakefulness) - The wakefulness stage is characterized by fast eye closures 

(blinks). Slow eye closures are absent during this stage. During this phase, the EEG 

contains beta waves or high voltage activity with the absence of alpha or theta activity. 

Stage 1 sleep - Stage 1 sleep ordinarily occurs between wakefulness and other sleep 

stages. Stage 1 sleep rarely exceeds several minutes for most normal subjects. During 

this stage, slow, rolling eye movements often occur. This stage also frequently occurs 
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after large body movements. The EEG contains alpha activity and/or low voltage, mixed 

frequency activity. At the onset of stage 1 sleep, slow eye closures are present. 

Stage 2 sleep - Stage 2 sleep is characterized by sleep spindles and k complexes in 

the relatively low voltage mixed frequency EEG activity. Usually in stage 2 sleep, eye 

movements are absent ( although slow eye movements are occasionally present). Stage 2 

sleep can last upwards of one hour and can alternate with REM periods thus appearing as 

interruptions of REM sleep. 

Stage 3 sleep - Stage 3 sleep has somewhat arbitrary criteria for its determination 

and seems to be a transitional sleep stage between stage 2 and stage 4 sleep. Occasionally, 

stage 3 sleep can be seen to occur without being followed by stage 4 sleep. This stage is 

characterized by EEG's of 20-50% high amplitude (75 uV or greater) slow waves. 

Stage 4 sleep - Stage 4 sleep occurs mainly in the frrst third of the night for most 

normal subjects. During this stage, EEG's of greater than 50% high amplitude slow 

waves are predominantly found. 

Stage NREM (non-REM) - This stage consists of Stages 1,2,3 and 4 combined. 

Stage REM - The REM stage of sleep can occur for less than a minute (generally 

occurring early in the night) to over 30 minutes (generally occurring late in the night). 

The REM stage is distinguished by relatively low voltage, mixed frequency EEG' s in 

conjunction with bursts of rapid eye movement (REMs) and low amplitude EMG's. 
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When predicting the level of drowsiness of a driver, it is important to detect a 

decrement in wakefulness as early as possible. Drowsiness begins with the transition from 

the wakefulness stage to the sleep 1 stage. Therefore, the stages that are pertinent when 

studying driver drowsiness are stage W and stage 1 sleep (including and most importantly 

the transition between the stages). Once an individual passes beyond stage 1 sleep, the 

individual can no longer safely control a car, since the individuals eyes would be closed. 

This inability to safely drive may also be present as the individual enters stage I sleep. 

Previously used Drowsiness Indicators in Driving 

Existing drowsiness countermeasure devices. Some simple suggestions and 

mechanical devices have been developed as safety measures to mitigate the occurrence of 

driver drowsiness. However, these safety measures have not been scientifically proven. 

The problem with these safety measures is that no experimental evidence exists to show 

that driver drowsiness is alleviated when the measures are used. 

Harris (1967) lists and discusses some simple methods that have been suggested. 

These methods are singing, chewing a pack of gum, taking off the right shoe, and sitting 

on something hard. The suggested solutions may work for some individuals giving the 

impression that these methods have merit. Unfortunately, the solutions don't work for all 

individuals and it is very difficult to collect reliable evidence to validate the general value 

of some method. Harris (1967) further points out that there may be no reliable drowsiness 

countermeasure for most people, but that the problem of driver drowsiness is sufficiently 

serious to require continued research. 

Mechanical devices developed consist of eye closure monitors, head nodding 

monitors, reaction time devices and driver task devices. One optical electronic eye closure 

monitor called Onguard was developed by an Israeli company called Xanadu Ltd. This 

device consists of a small infra-red sensing unit and an electronic processor which can 

42 



both be mounted on any standard eyeglass frame. The device directs a beam of infrared 

light at the eye and measures the reflected light. When eye closures occur, the amount of 

light reflected is reduced and, if the closure is longer than 0.5 seconds, the device sounds 

an audible alarm (Haworth and Vulcan, 1990). These types of devices have the tendency 

to slip from the correct position, thus reducing the reliability of the device. Furthermore, 

the devices ignore the fact that some drivers may be severely drowsy and impaired before 

slow eye closures occur. 

Head nodding monitors consist of a small, lightweight ear piece which curls around 

the driver's ear. The device buzzes when the driver's head nods forward beyond some 

predetermined angle (Haworth and Vulcan, 1990). Two head nodding monitors are the 

Dozer's Alarm which is marketed in Australia and the Electronic Transistor Safety Alarm. 

Thorpy and Ledereich (1990) point out that ear buzzers are potentially dangerous to 

the driver. These devices give the driver a false sense of security against falling asleep. 

Drivers can condition themselves to sleep with the head resting back on the headrest so 

that the head does not droop. Furthermore, these devices ignore the fact that the driver 

has lost much alertness before the fltst nods occur (Hulbert, 1972). Severe sleepiness 

would probably have already occurred by the time the fltst nods occur. Hulbert (1972) 

further points out that it is quite possible that activation of the device would occur after 

the driver has lost control of the vehicle or driven off the road. 

Several reaction time devices have been developed to prevent highway accidents 

caused by driver drowsiness or fatigue. These devices require the driver to respond to a 

stimulus within a given amount of time. If a driver response does not occur within the 

allotted amount of time, an alarm begins to alert the driver. Two such devices are the 

Alert-O-Matic developed by Frederik (1966) and the Roadguard developed by a Danish 

company. Each will be discussed separately below. 
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The Alert-O-Matic is a device which when installed in the car is wired to the hom of 

the car. The device presents three sequential alerting stimuli which increase in severity. 

The flrst stimulus is a light to which the driver must respond. If the driver detects the 

light, the hom button is gently tapped to tum the light off. This light will then reappear 

every 60 seconds. If the driver does not notice the light and the hom button is not tapped 

within 5 seconds, a second stimulus is presented. This stimulus is the car hom, which will 

sound for a period of 3 seconds, unless the hom button is tapped. If the hom button is 

tapped within the 3 seconds, the car hom ceases to sound and the stimulus cycle is reset. 

Otherwise, a third alert signal begins which consists of the device turning the ignition off 

and on rapidly for a duration of 5 seconds. Once again, the driver can stop the alert signal 

by simply tapping the hom button. However, if the hom button is not tapped within the 5 

seconds period, the Alert-O-Matic device will tum off the ignition completely (Hulbert, 

1972). 

There are several concerns and potential problems with the Alert-O-Matic as pointed 

out by Hulbert (1972). First, no testing of the device in terms of the variable times 

assigned to each of the system stages was found in any literature. The long period of time 

(60 seconds) between flrst alert signals, allows driver drowsiness to occur at any time in 

this interval without being detected. Second, the stimulus is consistent (every 60 seconds) 

and monotonous. Once the driver becomes adapted to the device, it is possible that the 

driver, if dozing, could awaken to respond to the stimulus and then immediately fall asleep 

again (Hulbert, 1972). 

A second reaction time fatigue alerting device, the Roadguard, requires the driver to 

recognize and respond to a red lamp which lights up on the instrument panel. After the 

car is put into high gear, a timer begins which then stops at random periods after 4 to 14 

seconds. When the timer stops, the red lamp appears on the instrument panel and the 
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driver has 3 seconds to extinguish the light by using one of the two light touch contacts on 

the steering wheel or by using a foot switch. Once the lamp is extinguished, the timer 

begins a new sequence. If the lamp is not extinguished within the 3 second period, an 

alarm buzzer is activated to alert the driver (Haworth and Vulcan, 1990). 

Haworth and Vulcan (1990) point out that the threshold of the Roadguard device 

may be too long. A previous study by Lisper, Laurell and van Loon (1986) found that 

drivers fall asleep at the wheel for brief periods of time ranging from 0.5 to 1.5 seconds. 

For the Roadguard device to be effective, drowsiness must be detected in a short period of 

time, say, between 0.5 and 1.5 seconds. However, the threshold level of the Roadguard 

device is 3 seconds which makes it possible for a driver to fall asleep and possibly have an 

accident before detection of drowsiness occurs (Haworth and Vulcan, 1990). 

Haworth and Vulcan (1990) tested and compared three of the above mentioned 

devices - the Onguard eye closure monitor, the Dozer's Alarm head nodding monitor, and 

the Roadguard reaction time device. The study used six different subjects (per device 

type) to test each of the three types of devices and then used six more subjects as a control 

group. The subjects were required to perform a tracking task which was superimposed on 

a videotaped road scene. The experimental session lasted four hours. 

The study found that the Roadguard device was generally able to detect the onset of 

fatigue, but the On guard and Head nodding devices were only occasionally able to detect 

the onset of fatigue. In addition, none of the three devices allowed the subjects to drive 

longer without falling asleep and none of the three devices resulted in less deterioration of 

performance (Haworth and Vulcan, 1990). Haworth and Vulcan (1990) conclude that 

"the devices showed an ability to detect fatigue in some cases but were not able to 

maintain alertness and thus prevent performance deterioration. The need to develop an 

appropriate device still remains." 
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There exist several types of driver task devices which require the driver to perform 

some type of task while driving (e.g., continuously pushing a button). If the driver stops 

performing the task (e.g., stops pushing the button), an alarm will sound to alert the 

driver. Two of these devices are the Button Steering Wheel Alarm and the 

ALERTMASTER developed by Williams (1966) and will be discussed separately below. 

The Button Steering Wheel Alarm device consists of a button that is mounted on the 

steering wheel and plugged into the car radio. The driver must continuously push the 

button or an alarm will sound. This device is very awkward to use because of the 

unnatural pressures the fmgers or thumb must exert on the button. Furthermore~ when the 

driver is executing a tum, the steering wheel must be turned in such a manner that the 

driver has to release the button. Thus, every time the driver makes a tum, the alarm is 

sounded (Hulbert, 1972). This device is impractical and annoying to the drivers. 

The second device, the ALERTMASTER, is a foot pedal similar to the accelerator 

pedal located on the floor to the left of the clutch pedal for use by the left foot. When the 

driver begins to experience drowsiness or fatigue, the driver activates the device by 

depressing the pedal all the way to the floor or until it clicks. From this point forward, the 

driver must maintain light foot pressure on the pedal or a hom will sound. The inventors 

justification of this device is the assumption that the left foot of the driver relaxes when 

drowsiness begins. (Hulbert, 1972). This device also makes the assumption that drivers 

know when they begin to experience drowsiness and fatigue. Several studies mentioned 

earlier (Hulbert and Mellinger, 1970 and Tilley, Erwin, and Gianturco, 1973) have found 

that a large proportion of drivers admitted to experiencing drowsiness before they became 

aware of the condition. 

These devices lack experimental evidence to show that driver drowsiness is 

alleviated when the measures are used. In addition, the devices oversimplify a complex 
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design problem and tend to overlook much of the research data available in the physical 

and psychological components of driver drowsiness (Skipper, Wierwilleand Hardee, 

1984). 

Physiological indicators of drowsinesslJatigue. A literature review of physiological 

measures that may lead to a more refined operational defInition of drowsiness and the 

onset of Stage 1 sleep has been conducted by the research team. Those measures that are 

most likely to be successfully employed in the refined operational defInition of drowsiness 

were discussed in chapter 2 of the report Research on Vehicle-Based Driver 

StatuslPerformance Monitoring by Wierwille~ Wreggit and Mitchell (1992). That chapter 

reviewed the literature on the following physiological measures: eyelid closure, eye 

movement (via EOG), muscle activity (via EMG), brain wave activity (via EEG), skin 

potential level, and heart rate variability (via EKG). A summary of the findings of the 

literature review are presented in this section. 

Eyelid Closure: According to the literature (Erwin, 1976 and Skipper, Wierwille 

and Hardee, 1984), eyelid closure is a very reliable predictor of the onset of sleep and 

degraded task performance. Erwin (1976) examined many physiological measures with 

respect to the predictability of sleep onset, but found that eyelid closure was the most 

reliable predictor. Also, concluded in this study was that the other physiological measures 

studied (plethysmography, respiration rate, electroencephalography (EEG), skin electrical 

characteristics, electromyography (EMG) and heart rate variability) did not predict the 

onset of sleep. Skipper et al. (1984) found that eyelid closures were highly correlated with 

many performance measures such as lane deviation, yaw deviation and steering velocity. 

This study further supports the statement that eyelid closure is a reliable predictor of sleep 

onset. 
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Even though the measure of eyelid closure to predict the onset of sleep has 

advantages - eyelid closures have been found to be highly correlated with drowsiness and 

an unobtrusive method of recording eyelid closures is available (using a low-light level 

camera which is placed in an unobtrusive location) - some disadvantages also exist. These 

disadvantages are 1) no automated on-line scoring system has been implemented and 2) 

the measure ignores the fact that some individuals may become drowsy without exhibiting 

or before exhibiting eyelid closures. Thus, it is important to review other physiological 

measures that might assist in the operational defmition of drowsiness. 

Eye Movement: Eye movements can be measured by recording electrooculograms 

(EOG' s) via electrodes in contact with the skin surrounding the eyes. Several studies 

(Carskadon, 1980; Dement, 1975; Endo, Inomata, and Sugiyama, 1978; Hauri, 1982; 

Hiroshige and Niyata, 1990; Planque et al., 1991; Santamaria and Chiappa, 1987; Torsvall 

and Akerstedt, 1988) have described the characteristics of eye movements as drowsiness 

occurs. These studies found that the transition between wakefulness and sleep in most 

subjects is accompanied by slow, rolling eye movements as oppose to the quick, voluntary 

movements of the eyes that occur when an individual is awake. Furthermore, the EOG 

signals were found to increase in amplitude with the degree of drowsiness. 

The literature has indicated that eye movement is a promising candidate to be 

included in the operational defmition of drowsiness. Eye movements are predictive of 

sleep onset in most individuals and interpretation of the data is fairly straightforward. On 

the down side, electrodes must be placed on the face (these could be obtrusive and 

annoying) and eye movements may not predict drowsiness early enough to prevent 

decrements in performance. 

Muscle Activity: A reduction in muscle activity as measured byelectromyograms 

(EMG's) may accompany the transition from wakefulness to drowsiness. Past literature 
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does not provide a clear picture of whether or not muscle activity predicts sleep onset. 

Erwin (1976) found that sleep can occur for several minutes prior to any significant 

change in muscle tone and therefore states that no predictive information pertaining to 

sleep onset is gained from the measures of muscle activity. On the other hand, one study 

(Hauri, 1982) found EMG measures to decrease as a person nears Stage 1 sleep. A 

second study (Yabuta, Iizuka, Yanagishima, Kataoka and Seno, 1985) found facial 

expression to decrease as the alertness level of the subject decreased. As the facial 

muscles relax, fewer nerves discharge and smaller EMG potentials will be recorded. 

Because of the conflicting literature, further research with respect to using EMG's as a 

predictor of drowsiness onset needs to be conducted. 

Brain Wave Activity; It is not clear whether brain wave activity (measured using 

electroencephalography (EEG» is predictive in nature with respect to drowsiness onset. 

Erwin (1976) states that brain wave activity is not a good predictor of drowsiness because 

a shift in brain wave patterns does not take place until eyelid closure has occurred. Prior 

to eyelid closure, there is no alteration in brain activity (Erwin, 1976). However, other 

studies (planque et al., 1991; Seko, 1984) have found the opposite. These studies showed 

that brain wave activity changes as an individual passes from alertness to drowsiness. 

Specifically, these studies found an increased percentage of alpha waves and a decreased 

percentage of beta waves with a decline in performance. Further research needs to be 

performed on brain wave activity and the relationship to drowsiness onset. 

Skin Potential Level: Skin potential level is a likely candidate to further refme the 

operational defmition of drowsiness. Nevertheless, there is some question as to whether 

or not skin potential level is an adequate predictor of drowsiness. Erwin, Hartwell, Volow 

and Alberti (1976) found that decreased negativity of skin potential level (SPL) 

accompanied all sleep or transitional EEG's (or sleep defmed EEG's). However, this 
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decreased negativity of SPL was often found during times of awake EEG suggesting that 

a reduced SPL is a prerequisite for sleep but that it may occur at other times (Erwin et al., 

1976). 

One problem with skin potential level is that the level tends to vary with subjects' 

mood, activity level, outside temperature and certain circadian rhythms (Erwin, 1976). 

Erwin (1976) further states that "these measures offer too great a variability, both between 

subjects and over subjects with regard to time, to serve as a valid criteria for drowsiness." 

The question remains as to whether or not SPL is adequately predictive in nature with 

respect to sleep onset. 

Heart Rate Variability; A final candidate for the operational defmition of drowsiness 

is heart rate variability. Once again, the literature contains conflicting evidence as to 

whether or not heart rate variability can be used as a predictor of the onset of 

drowsiness/fatigue. Several studies (Wierwille and Muto, 1981; Sugarman and Cozad, 

1972; Riemersma, Sanders, Widervanck and Gaillard, 1977) have found that heart beat 

interval variability correlates with drivers' fatigue level. In other words, the variability in 

heart rate increases with fatigue. However, a study by Volow and Erwin (1973) found no 

relationship between heart rate variability and drowsiness. Furthermore, Riemersma et al. 

(1977) have strong arguments against relating heart rate and fatigue even though their 

study found heart rate declined and heart-rate variability increased during the long nightly 

session. The authors feel that the changes in heart rate and heart rate variability are due to 

the subjects' adaptation to the experimental situation. 

Research Objectives 

The available literature on physiological measures as related to drowsiness provide 

an enormous amount of information. The literature also provides insight into the 

difficulties of using these measures in an operational defmition of drowsiness. With 
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several studies inferring different conclusions about the usefulness of these measures in a 

drowsiness defmition, it was very difficult to use the literature to develop an operational 

defmition of drowsiness. Therefore, it was necessary to study the feasibility of using 

various physiological measures such as eyelid closure, eye movement, muscle activity, 

brain wave activity, skin potential level, and heart rate variability to predict performance 

impairment due to drowsiness. 

The primary research objective of this study was to obtain one or more refmed 

operational defmitions of drowsiness for drowsy driver detection algorithm development 

at a later time. To accomplish this goal, the research team explored the feasibility of using 

physiological measures to predict potentially hazardous levels of driver impainnent due to 

drowsiness. This goal was accomplished by determining the degree to which the 

physiological measures covary with the performance measures (low-level cognitive 

performance and high-level cognitive performance) used in the study. 

The research hypotheses were 1) the eyelid closure measures will covary with the 

performance measures and 2) some of the physiological measures will covary with the 

performance measures and with the eyelid closure measures. 
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METHOD 

Subjects 

Eight subjects (four males and four females) volunteered to participate in this study. 

These subjects were taken from the Blacksburg community. All potential subjects filled 

out a questionnaire regarding driving habits and sleeping habits before the experiment was 

run. The driving habit and sleep habit questionnaire can be found in Appendix E. 

Individuals who were not prone to drowsiness and those exhibiting pathological sleep 

disorders were not used in the experiment. In addition, potential subjects who were 

heavy smokers were not used. The decision to exclude heavy smokers was made on the 

basis that these individuals would not be permitted to smoke for a substantial period of 

time (from approximately 7 P.M. to 3 A.M.). Individuals who were not able to "lasf' for 

this amount of time without having a cigarette may have suffered withdrawal and or may 

have asked to end the experiment. If an individual smoked fewer than three cigarettes per 

day, the individual was considered as a potential subject. Once the screening process was 

finished, eight individuals were chosen to be subjects in the experiment 

Only three college students were used in the experiment. Most college students tend 

to have abnormal sleeping habits because of late hours of studying and the ability to sleep 

late in the morning. These individuals may be conditioned to late night hours without 

becoming drowsy. Thus, the decision was made to limit the number of college students as 

much as possible. 

Subjects ages ranged from 18 years to 30 years with a mean age of 24.5 years. Most 

accidents due to drowsiness occur at night and are caused by individuals in the younger 

age range (say 50 years and younger). Older drivers (perhaps 50 years and above) reduce 

the risk of being involved in nighttime drowsy driving accidents by seldom driving late at 

night. All subjects were required to have a valid driver's license and were also required to 
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have at least 20/30 visual acuity, corrected or uncorrected. The subjects used in the study 

were representative of the younger driving population so that the results of the study 

could be generalized to the younger driving population. 

Each subject received $5.00 per hour between 6 P.M. and midnight and $8.00 per 

hour between midnight and 3 A.M. for participation in this experiment The study took a 

total of approximately nine hours (6 P.M. to 3 A.M.). This time included the actual 

experiment run time as well as the sleep deprivation time. Consequently, each subject 

received a total payment of approximately $54.00. It was anticipated that any subject who 

did not complete the experiment because of voluntary termination or because of unusable 

data resulting from hardware malfunctions would be paid for the time spent in the study. 

However, in the current study, all subjects completed the entire experiment. 

Apparatus 

Figure 9 shows the equipment arrangement for the drowsiness experiment Items of 

equipment are discussed separately in the following sections. 

Simulator. The simulator used for the proposed research was a computer

controlled, moving-base automobile driving simulator located in the Vehicle Analysis and 

Simulation Laboratory. However, subjects did not drive this driving simulator. The 

simulator remained static during the entire experiment Instead of driving the simulator, 

the subjects viewed the simulator display with the lens system removed and the usual 

display generation equipment disconnected. Specific tasks that the subjects were required 

to perform were exhibited on the simulator display. The steering wheel of the simulator 

had two pushbuttons the subjects were to use to complete the tasks. Signals from the 

steering wheel pushbuttons were sent to an IBM-PC for data collection. 

IBM-PC Computer and Metrabyte PIO-2 Logic Interface Card. An IBM-PC 

generated the tasks on the simulator display_ A new task appeared every 10 seconds. 
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Task generation was accomplished using a program written in the BASICA programming 

language. The tasks were simultaneously displayed on the PC display and the simulator 

display. Two types of tasks (a mathematical task and a letter detection search task) were 

generated alternately by the BASICA program and displayed on the monitors. 

The PC was also used to collect the subject responses to the tasks. When a subject 

used the pushbuttons located on the steering wheel of the simulator to complete the 

displayed task. a signal was sent to the IBM-PC via a Metrabyte PIO-2 8-channel logic 

interface card. The computer was programmed to recognize the button presses and 

record whether the responses were correct or incorrect. After every one-minute period, 

the PC stopped collecting data and calculated the number of correct responses. incorrect 

responses, and no responses for the mathematical task, the number of correct detections 

(hits), failures to detect (misses), correct rejections, incorrect detections (false alarms), 

and no responses for the detection task, the average response time for both types of tasks 

regardless of whether the response was correct or incorrect, and the average response 

time of correct responses for both task types. For the detection task, the average response 

time for correct response was split into average response time of correct response and 

average response time of correct rejection. These two averages were calculated 

separately. Response time for this experiment was defmed as the time from the beginning 

of the stimulus presentation as it appeared on the screen to the time the subject completed 

the task (which was indicated by pressing one of the two pushbuttons on the steering 

wheel). If the subject did not complete the task, the response time for that task was the 

maximum task interval (10 seconds). 

Another function that the IBM-PC performed was to send signals to a WIN 486-33i, 

microcomputer telling the WIN when to start and when to stop collecting data. A high 

logic signal telling the WIN to start collecting data was sent as soon as the PC program 
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started. At the end of each minute, the PC sent a low signal to the WIN telling it to stop 

collecting data and to complete calculations, store the results, and clear. At the beginning 

of the next minute, the PC sent a high signal telling the WIN computer to once again begin 

data collection. This sequence continued for the entire study. 

Another function that the IBM-PC performed was to send signals to an LED 

mounted in front of the low light level camera shooting the subject's face. The signals 

sent were the same signals that were sent to the WIN telling the WIN to start and stop 

collecting data. A low signal was sent at the end of each one-minute segment. When the 

low signal was sent, the LED turned on and indicated on the videotape that a one-minute 

interval had ended. This low signal was the same signal that told the WIN to stop 

collecting data, to complete calculations, store the results and clear. The LED stayed on 

until the calculations had been completed. Once the calculations had been completed, a 

high signal was sent which turned the LED off. This high signal was the same signal that 

told the WIN to once again start the data collection process for the next one-minute 

duration. 

Win 486-33i Microcomputer and National Instruments AT-MIO-J6 Interface Card. 

The WIN 486-33i microcomputer collected data via an AT-MIO-16 interface card on the 

following physiological measures - heart rate, eyeball roll, muscle tension, alpha, beta, and 

theta wave amplitudes, and eye closure measures. Physiological data were received either 

from preamplifiers which were connected to electrodes placed on the subject, or from a 

direct line from a closed circuit television for the eye closure measure. Before data 

collection began, the WIN received a signal sent from the IBM-PC via the AT-MIO-16 

interface card. The WIN was programmed using a QuickBASIC software package to 

recognize the signal from the PC as an indication to start collecting data. After a one

minute interval, another signal was received from the PC and recognized by the WIN 
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computer as an indication to stop collecting data, compute calculations, store data, and 

clear registers to prepare for a new data collection interval. The WIN computer continued 

to receive the signals mentioned (from the PC) at every one-minute interval throughout 

the experiment 

The calculations that the WIN program performed at the end of a one-minute 

interval were mean heart rate, mean square heart rate, heart rate standard deviation, heart 

rate variance, the proportion of the time that the eyes were 80% or more closed, the 

average percent that the eyes were closed during the one-minute period, the squared value 

of the eye closure, the proportion of time the eyerolls were outside a threshold value, the 

number of times the eyerolls fell outside the threshold value, mean alpha wave signal, 

mean beta wave signal, mean theta wave signal, the ratio of alpha to beta, the ratio of 

theta to beta, the ratio of alpha plus theta to beta, mean EMG signal, the mean subjective 

rating of drowsiness, the mean square subjective rating, the subjective rating standard 

deviation and the subjective rating variance. 

Skin electrodes. Biopotential skin electrodes were placed in various locations on the 

subject to gather physiological data such as eye roll, muscle tension, alpha, beta and theta 

wave amplitudes and skin potential. All signals from the electrodes except those for the 

skin potential passed through a GRASS. high performance preamplifier system before 

reaching the COMDYNA signal processor. The preamplifiers feature high gain, adjustable 

filters, low noise and an output that can be interfaced with computers. 

Eye roll measures were obtained using electrooculography (EOG) via the skin 

electrodes placed around the eyes. Because of the constant electropotential difference 

between the front and the back of the eyeball, movement of the eyes is easily measured 

using electrodes placed on the skin surrounding the eyes. Two electrodes were used to 

collect the data. One electrode was placed on the right outer canthus (ROC) area (the 
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temple area of the right eye) about one and one-half centimeters back and one and one

half centimeters up from the outer intersection of the two eyelids of the right eye. The 

other electrode was placed about one and one-half centimeters down and one centimeter 

towards the nose from the outer intersection of the two eyelids of the left eye. The 

electrodes were offset from the horizontal midline of the eye by approximately one and 

one-half centimeters with the right eye electrode being above the horizontal midline and 

the left eye electrode being below the horizontal midline. Positioning of the electrodes in 

this manner allowed the detection of both horizontal and vertical eyeball movements. 

A measure of muscle tension was obtained from electromyography (EMG) through 

electrodes placed on the chin and jaw area. Specifically, one electrode was placed on the 

chin and one electrode was placed under the jaw near the platysma muscle. This latter 

electrode was offset from the vertical midline of the face by approximately three 

centimeters and was located on the left side of the jaw. These electrodes were intended to 

detect a lack of muscle activity as the facial muscles became relaxed. 

Alpha, beta, and theta wave amplitude measures were obtained by passing EEG 

signals (from the GRASS preamplifiers) through bandpass futers and detectors 

programmed on the COMDYNA processors. Two electrodes were applied to the 

occipital region of the scalp to record the brain wave activity_ Specifically, the electrodes 

were placed approximately two centimeters above the external occipital protuberance and 

horizontally approximately five centimeters apart. To obtain acceptable connections, the 

electrodes were placed and taped (using adhesive pads) to the subject's scalp after the hair 

had been parted in the occipital region. A headband fitted from the back of the head , over 

the ears and around the forehead was used to supplement the adhesive pads in holding the 

electrodes in place. This procedure was followed so that it would be unnecessary to shave 

small patches of hair from the subjects. 
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The skin potential was measured using two electrodes -- one was placed on the left 

forearm close to the inside of the elbow approximately seven centimeters from the 

coronoid process and the other was placed on the left forearm close to the wrist 

approximately six centimeters from the pisiform bone. Readings were made using a 

MICRONTA digital multimeter which allows direct measurement of DC skin potential 

level without the use of DC preamplifiers and amplifiers. This potential level was not 

collected by the WIN computer. Instead, one of the experimenters read and recorded the 

skin potential level 30 seconds into each one-minute interval. Skin potential is a slowly 

varying voltage. 

A "common" electrode was located on the subject's forehead just below the hair 

line. All electrode wires were taped .. drawn to the back of the head and bundled in a pony

taillike fashion behind the head. The wires were kept out of the subject's view and were 

intended to be fairly unobtrusive. 

Ear plethysmograph. Measures of heart rate and heart rate variability were 

collected using an ear plethysmograph and commercial heart rate monitor (Hewlett

Packard 7807C). This form of measurement was easy to implement and was unobtrusive 

to the subjects. The data collected from the plethysmograph was passed through the 

COMDYNA processors for signal level amplification before reaching the WIN via the AT

MIO-16 interface card. 

Closed circuit television. A low-light level closed-circuit television camera (RCA 

TClOO4-UOl) was used to continuously monitor the eye closures of the subjects. This 

video camera shot the subject's face and eyes and was placed in such a location that the 

subject's view was not obstructed. The image after passing through a VCR appeared on a 

Sanyo VM 4512A monitor so that one of the experimenters could manually track the 

eyelid closures using a linear potentiometer. The track signal from the linear 
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potentiometer was sent to the WIN via the AT -MIO-16 interface card after processing by 

the COMDYNA processor. 

A General Electric Hi-fi Audio HD VHS video cassette recorder recorded the image 

of the subject's face for later analysis by behaviorally trained raters. Because the camera 

and recording required no additional lighting and was placed in an inconspicuous position, 

the described setup resulted in an unobtrusive way of measuring the subject's eye closure. 

Subjective rating device. A continuous, rotational control was used to collect the 

subjects' feelings of drowsiness and is displayed in Figure 10. The control was an isotonic 

type of control in that very little force was required to move the control and once the 

displacement was complete, the control remained in that position until the control was 

moved again. The control was located to the right of the subjecfs right leg, in the 

horizontal plane. This continuous control was labeled "drowsiness", and had "MAX", 

"MOD", and "MIN" markings. In addition, there was a single marker line between each of 

the above settings. The subjects rated themselves during the experiment in terms of the 

drowsiness level that they felt. The subjects were asked to change the rating device 

setting any time they felt the level of drowsiness had changed. This signal was sent to the 

WIN via the AT-MIO-16 interface card after processing by the COMDYNA processors. 

Experimental Design 

The experimental design used in this study was a single factor within-subject 

complete factorial design. The main factor was the independent variable, time-on-task. 

Time-on-task had four levels. The fIrst level was the fIrst 30 minutes, the second level 

was the second 30 minutes, the third level was the third 30 minutes and the forth level was 

the forth 30 minutes. During each of these 30 minute segments, subjects were exposed to 

a different sequence of alternating mathematical and search tasks. There were four 
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Figure 1 O. Subject's drowsiness control. 
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separate sequences of tasks for the four levels of time-on-task. Each of the eight subjects 

received all levels of the main factor. 

A counterbalanced design was used to control for order effects of the four task 

sequences. Four subjects were randomly assigned to the presentation order of the four 

sequences of tasks using a Latin square design. The remaining four subjects were 

randomly assigned to the conditions of a second Latin square. 

Twenty one dependent variables were collected during the experiment These 

variables consisted of the following: 

1. Heart rate 

2. Eyelid closures 

3. EOG readings 

4. EEG readings- alpha waves, beta waves and theta waves 

5. EMG readings 

6. Skin potential readings 

7. Subject rating - having the subjects rate themselves on the level of 

drowsiness they were experiencing 

8. Rater rating - having behaviorally trained raters (post experiment, 

using videotapes) analyze the subjects in terms of the level of 

drowsiness 

9. Number of correct responses for the mathematical task 

10. Number of incorrect responses for the mathematical task 

11. Number of no responses for the mathematical task 

12. The average response time for the mathematical task - regardless of 

whether the response was correct or incorrect 
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13. The average response time of correct responses for the 

mathematical task 

14. Number of correct detections (hits) for the search task 

15. Number of failures to detect (misses) for the search task 

16. Number of correct rejections for the search task 

17. Number of incorrect detections (false alarms) for the search task 

18. Number of no responses for the search task 

19. The average response time for the search task - regardless of 

whether the response was correct or incorrect 

20. The average response time of correct responses for the search task 

21. The average response time of correct rejection responses for the 

search task 

Procedure 

Subject procedure. All potential subjects were required to fill out a questionnaire 

for the purpose of screening out those individuals who were either not prone to 

drowsiness or exhibited pathological sleep disorders. Those individuals that were selected 

to participate in the study were notified and then given a Landholt C-ring vision test. 

Individuals who had 20/30 corrected or uncorrected far visual acuity or better were 

selected to participate in the study. 

Each subject who passed the screening tests was asked to read the general 

instructions for the experiment. These instructions are displayed in Appendix F. Once the 

instructions were read, the subject was asked to read the informed consent form and sign 

the form if he or she agreed to the conditions of the study. The informed consent form is 

displayed in Appendix G. Any questions concerning the instructions, the informed consent 
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fonn, or the experiment in general were answered (both prior to and following signing the 

fonn). Finally, a time was set up for the subject to participate in the experiment 

Each subject participated in one session which lasted about nine hours. The subjects 

arose at 7 A.M. or earlier on the established experiment day and went through their 

nonnal daytime activities without resting or napping. At 6 P.M., a mernber of the 

experimental team picked the subject up at his or her residence. The team member took 

the subject to a fast food restaurant for dinner. The subject was instructed that anything 

on the menu could be ordered, however, the beverages consumed were limited to non

caffinated and non-sugared drinks. The subject was pennitted to smoke during or 

immediately after dinner. After dinner was fInished, the subject was taken to the Vehicle 

Analysis and Simulation Laboratory where the subject was allowed to read, study, watch 

TV, or listen to a personal headset stereo. In short, the subject was allowed to do 

anything with the exception of resting or napping, eating, smoking and drinking caffmated 

or sugared beverages. A research team member remained with the subject to ensure that 

the subject remained awake throughout the evening. Just before midnight, the subject was 

given the instruction sheet and infonned consent fonn to reread. 

At midnight, the experimental session began. Two new experimental team members 

placed the subject in the simulator. Verbal instructions were given to the subject and any 

questions were answered by either of the two new experimenters. The subject was then 

given a ten-minute practice session. Once the practice session was completed, the 

physiological monitoring equipment was fitted to the subject, checked and adjusted if 

necessary. When the two experimenters felt the equipment was ready to go, the lights 

were dimmed and the experiment was begun. The subject performed the tasks on the 

screen for the entire experiment, which took approximately 2 hours, 10 minutes. If the 
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subject fell asleep or dozed off during this time, one of the experimenters woke the subject 

and asked himlher to continue with the experiment 

At the end of the experiment, the physiological monitoring equipment was removed 

from the subject by the experimenters. The subject exited the simulator and was asked to 

thoroughly wash the face. Any fmal questions that the subject had were answered and 

then the subject was paid, thanked for the time spent in the experiment, then driven home 

by one of the experimenters, and told to sleep. 

Experimental task procedures. The experimental tasks that the subjects were 

required to perform consisted of two alternating tasks - a mathematical task and a letter 

search task. The mathematical task was considered a higher level cognitive task and the 

letter search task was a simpler, lower level cognitive task. 

The mathematical tasks consisted of addition, subtraction, multiplication and division 

problems displayed on the simulator screen. Examples of these types of problems are 7x8 

= _, 2515 = _, IOx_ = 30, 5+_ = 20, 25-8 = _* Each problem had a numerical 

integer for an answer. The subject was required to solve the problem, decide whether the 

answer was odd or even, and then press the corresponding pushbutton on the simulator 

steering wheel. Only the subject's f1£st response was recorded. Once a response was 

made, no corrections were made for mistakenly pushed buttons. The task as it appeared 

on the simulator screen is shown in Figure 11. 

The letter search task consisted of a group of letter characters displayed on the 

simulator screen. These letters were randomly selected and were placed in random 

locations on the screen. The subject was required to detect one of two target letters (A or 

B). If the subject detected the target letter, the subject was to press the pushbutton on the 

simulator steering wheel that corresponded to the "yes" answer. If no target letter was 

detected, the subject was to press the pushbutton that corresponded to the "no" answer. 
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EVEN 

Figure 11: Example of a Mathematical Task (as it appeared on the 
simulator screen). 
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Again, only the subject's ftrst response was recorded. Once a response was made, 

no corrections were made for mistakenly pushed buttons. Figure 12 shows an example of 

the letter search task as it would appear on the simulator screen. 

When the experimental session began, the two tasks were alternately displayed on 

the simulator screen. Each task took approximately 10 seconds before the next task 

appeared. If the subject did not respond to the displayed task, the task remained on the 

screen for the entire 10 second period. If the subject responded to the task, a feedback 

remark was displayed on the screen for the remaining time in the 10 second period. 

Examples of remarks that were used for correct responses are "GOOD JOB", 

''EXCELLENT' and ''W A Y TO GO". For incorrect responses, examples of feedback 

remarks used are "WRONG", "YOU MISSED A LETTER" and "TRY AGAIN". This 

procedure continued throughout the entire experiment. 

Data Analysis Overview 

Various computations were made on line using the WIN 486-33i microcomputer and 

the IBM-PC. The WIN computed mean heart rate, heart rate standard deviation, heart 

rate variance, the proportion of the time that the eyes were 80% or more closed, the 

average percent that the eyes were closed during the one-minute period, the squared value 

of the eye closure, the proportion of time the eyerolls were outside a threshold value, the 

number of times the eyerolls fell outside the threshold value, mean alpha wave signal, 

mean beta wave signal, mean theta wave signal, the ratio of alpha to beta, the ratio of 

theta to beta, the ratio of alpha plus theta to beta, mean EMG signal amplitude, mean 

subjective rating, mean square subjective rating, subjective rating standard deviation and 

subjective rating variance. In addition, one of the experimenters manually collected the 

skin potential level for every one-minute interval, and a trained experimenter tracked the 
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Figure 12: Example of a Letter Search Task (as it appeared on the 
simulator screen). 
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level of eyelid closure over each one-minute interval. These measures were the 

physiological measures for the experiment. 

The PC computed the number of correct responses, incorrect responses, and no 

responses for the mathematical task, the number of correct detections (hits), failures to 

detect (misses), correct rejections, incorrect detections (false alarms), and no responses 

for the search task, the average response time for both types of tasks regardless of 

whether the response was correct or incorrect, the average response time of correct 

responses for the mathematical task, the average response time of correct detections (hits) 

for the search task, and the average response time of correct rejections for the search task. 

These measures were the performance measures for the experiment. 

Correlations were performed on these dependent measures. Specifically, 

correlations were performed between the physiological measures and the performance 

measures. For example, mean heart rate was correlated with each of the performance 

measures (i.e., the number of correct responses, incorrect responses and no responses for 

the mathematical task) separately and heart rate standard deviation was correlated with 

each of the performance measures separately. In addition, eye closure measures were 

correlated with all other physiological measures since it has been shown in the past that 

eye closure is a good indicator of drowsiness. Correlations were performed for one

minute intervals of data, two-minute intervals of data, four-minute intervals of data and 

six-minute intervals of data. The different intervals were used to determine the effects of 

averaging on the strengths of the correlation. Also, the study by Dingus, Hardee and 

Wierwille (1985) found stronger relationships and developed stronger discriminant 

analyses with the six-minute interval data. 

For the one-minute interval data, 118 data pairs were used to perform each 

correlation for each individual subject. The two-minute interval data had 59 data pairs to 
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use in the individual subject correlations. There were 29 data pairs to perform the four

minute interval individual subject correlations. Finally, the six-minute interval data had 19 

data pairs to perform the individual subject correlations. 

The correlations were obtained to determine the degree of covariability of measures. 

In other words, the correlations determined the changes in strengths of relationships as a 

function of data manipulation of the experimental variables. For example, the correlations 

were used to ascertain the effect on the relationships between variables as a function of 

averaging the length of time and the drowsiness level of the subject. 

The technique used for this prediction process was multiple linear regression 

analysis. Multiple regression analysis uses a continuous criterion variable. For the 

experimental situation, the criterion variable involved a score along a drowsiness 

continuum. Multiple regression analysis gives a prediction equation which is used to 

predict some variable at a future time. For example, the form may look like this: 

Y = .20 + .50X 1 + .OO2X2 - 5X3 

With multiple regression, the regression weights are selected with the purpose of 

minimizing the difference between a person's predicted and actual criterion score. Once 

the prediction equation is determined, new data can be inputted into the equation to 

determine an estimate of the predicted variable. 

For this experimental situation, the backward stepwise multiple regression was used. 

This method consisted of placing all candidate variables into the regression model and then 

removing them one by one based on the variables significance level. After a variable was 

removed, the regression was rerun and then another variable was removed. The removal 

process continued until only significant variables remained in the model. 
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RESULTS and DISCUSSION 

Several data manipulation steps were penormed· before the data were analyzed. The 

fIrst step in manipulating the data was to eliminate or combine those measures that gave 

the same information as another measure. For example, the sum of the math errors is a 

combination of the sum of wrong math responses and the sum of no math responses. 

Therefore, the latter two measures can be eliminated and the sum of math errors measure 

can be used as one of the performance measures. When this procedure was completed, the 

following measures remained for the data analysis: 

PERCLOSE - The percentage of time that the eyes were 80% 

to 100% closed over a one-minute interval. 

A VECLOSE - The average percent that the eyes were closed 

over a one-minute interval. 

EYEMEAS - The mean-square of the eyelid closure signal 

sampled over a one-minute interval. (EYEMEAS is more 

heavily weighted as eye closure increases.) 

A VEOBS - The average drowsiness rating of four informed 

observers for a one-minute interval. 

MNSUBRA T - The mean subjective rating over a one-minute 

interval (The subject moved a continuous tt drowsiness" control 
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marked with settings of maximum, moderate, and minimum. 

There were additional scale markers between minimum and 

moderate, and between moderate and maximum). 

SUMTHERR - The total number of math task errors over a 

one-minute interval (the number of wrong math responses and 

the number of no math responses). 

SUML TERR - The total number of letter task errors over a 

one-minute interval (the number of wrong letter responses and 

the number of no letter responses). 

RTMTHCOR - The average response time to a correct math 

response over a one-minute interval. In situations where 

subjects gave an incorrect response or did not respond, a value 

of 10 seconds was inputted for the response time. This value 

was the maximum task interval and therefore was the minimum 

amount of time in which a subject could have responded 

correctly. 

RTLTCOR - The average response time to a correct letter 

response over a one-minute interval. In situations where 

subjects gave an incorrect response or did not respond, a value 

of 10 seconds was inputted for the response time. This value 

was the maximum task interval and therefore was the minimum 
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amount of time in which a subject could have responded 

correctly. 

MNALPHA - The mean alpha EEG amplitude over a one

minute interval. (The alpha wave was defined as including 

those frequencies between 8 and 12 Hz.) 

MNBETA - The mean beta EEG amplitude" over a one-minute 

interval. (The beta wave was defined as including those 

frequencies between 12 and 24 Hz.) 

MNTHET A - The mean theta EEG amplitude over a one

minute interval. (The theta wave was defined as including those 

frequencies between 4 and 8 Hz.) 

ABRA TIO - The ratio of mean alpha wave to mean beta wave 

amplitudes. 

TBRATIO - The ratio of mean theta wave to mean beta wave 

amplitudes. 

A TBRA TIO - The ratio of mean alpha wave plus mean theta 

wave to mean beta wave amplitudes. 
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MNEMG - The mean EMG amplitude over a one-minute 

interval. (The EMG was collected between 3 and 3000 Hz.) 

THREOG - The proportion of time that the eye-rolls go above 

threshold over a one-minute interval. (Threshold was set so 

that substantial eye-rolls would be detected). 

NUMRLBLK - The number of times the eye-rolls or blinks 

exceeded threshold over a one-minute interval. 

MNHRT - The instantaneous heart rate signal in beats per 

minute averaged over a one-minute interval. 

MNSQHRT - The mean-square of the heart rate signal sampled 

over a one-minute interval. 

V ARHRT - The variance of the instantaneous heart rate signal 

calculated for a one-minute interval. 

SKlNPOT - The skin potential voltage reading which was 

sampled 30 seconds into every one-minute interval. 

The second step was to calculate two-minute intervals, four-minute intervals and six

minute intervals. These intervals were calculated to determine whether data collected over 

longer intervals provided greater reliability for drowsiness detection. The studies by 
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Dingus et al., 1985 and Hardee et al., 1985 found that in fact longer intervals (six-minute 

intervals versus three-minute intervals) were superior in the detection and prediction of 

impairment. 

The two-minute interval data were calculated by taking an average of the data for 

two one-minute intervals for each variable. For example, one-minute intervals one and 

two were averaged to give two-minute interval one; one-minute intervals three and four 

were averaged together to give two-minute interval two; and so on. The four-minute 

interval data and six-minute interval data were calculated by taking an average of four 

one-minute intervals and the six one-minute intervals, respectively. Therefore, one-minute 

intervals one, two, three and four were averaged to give four-minute interval one; one

minute intervals five through eight were averaged to give four-minute interval two; one

minute intervals one through six were averaged to give six-minute interval one; one

minute intervals seven through twelve were averaged to give six-minute interval two; and 

so on. 

The third and final step in the data manipulation process was to delete some of the 

intervals from the data set. Even though the subjects had a ten minute practice session 

before the actual experiment started, two subjects missed two out of three math problems 

in the fIrst minute and several other subjects missed at least one math problem in the fIrst 

or second minute interval. Clearly, these mistakes were due to the subjects settling into 

the experiment and not due to drowsiness. Therefore, these intervals were discarded so 

that the data would not be falsely influenced. 

For the one-minute interval data, the fIrst two minutes of data were discarded. For 

the two-, four-, and six-minute interval data the fIrst interval was discarded. Note that the 

fIrst interval for two-minute interval data consisted of the average of the fIrst two minutes 

of the one-minute interval data, the fIrst interval for four-minute interval data consisted of 
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the average of the frrst four minutes of the one-minute interval data and the frrst interval 

for six-minute interval data consisted of the average of the frrst six minutes of the one

minute interval data. Therefore, two minutes were discarded for the two-minute interval 

data, four minutes were discarded for the four-minute interval data and six minutes were 

discarded for the six-minute interval data. 

The data analysis for this research was composed of two major parts. The frrst part 

of the analysis consisted of correlation analyses of the data. The purpose of these analyses 

was to determine which of the dependent variables could reliably detect impairment due to 

drowsiness. The second part of the analysis consisted of linear multiple regression 

analyses. The purpose of these regression analyses was to fmd one or more optimized 

linear combinations of variables that would best predict impairment resulting from 

drowsiness. 

Correlation Analyses 

Correlations were performed between the physiological measures and the 

performance measures. The physiological measures were the drowsiness detectors and the 

performance measures were the drowsiness predictors. In addition, eye measures, 

observer rating measures, and subjective rating measures were treated as both drowsiness 

predictors and drowsiness detectors. Previous research (Erwin, 1976; Skipper et aI., 

1984) had shown eye closures to be an effective indicator of drowsiness and associated 

task performance degradation. Furthermore, several studies (Ogilvie, et al., 1989; 

Yoshitake, 1971; Yoshitake, 1978; Rosa et al., 1985) had found high correlations between 

subjective ratings and performance measures indicating that subjective ratings are also 

effective indicators of drowsiness. A study by Carroll et al (1989) found observer ratings 

to be reliable when studying the sleep-wake cycle. In addition, Wierwille and Ellsworth 

(1992) found observer ratings to be sensitive and reliable. 
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Several correlations were performed with the data in different configurations, 

namely: all subjects/all data for one-minute intervals, two-minute intervals, four-minute 

intervals and six-minute intervals; "selectingll subjects/all data for one-, two-, four- and 

six-minute intervals; "selecting" subjects/pick & choose data for one-minute interval data. 

Each of these will be discussed separately along with the rationale associated with the data 

configuration. 

Al! subjects/all data. Correlations were performed on individual subject data for 

one-, two-, four- and six-minute interval data. The tables displaying the results of these 

individual subject correlations can be found in Appendix H (Tables H-1 - H-8), Appendix I 

(Tables 1-1 - 1-8), Appendix J (Tables J-l - J-8) and Appendix K (Tables K-l - K-8) for 

one-, two-, four- and six-minute interval data, respectively. Not all of the correlations 

shown in the tables are significant. Appendix L shows the correlation values for one-, 

two-, four-, and six-minute interval data which are significant at the .05 and .01 levels of 

significance. However, these correlation values do not apply to the averaged correlation 

tables. The significant correlation values for the average correlation matrices would in 

fact be lower than those shown in Appendix L. 

For one-minute interval data, there were 118 intervals with which to perform the 

individual correlations. There were 59 intervals for the two-minute interval data, 29 

intervals for the four-minute interval data and 19 intervals for the six-minute interval data 

with which to perfonn the individual correlations. 

Once the individual subject correlations were calculated, an average correlation was 

calculated across all eight subjects. These averages resulted in four correlation matrices, 

namely: one-minute, two-minute, four-minute and six-minute average correlation matrices. 

The correlations for the one-minute interval data averaged across the eight subjects 

appear in Table 4. Only those correlations which are 0.2500 or greater are shown in the 
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Table 4 

ONE-MINUTE CORRELATIONS AVERAGED ACROSS 8 SUBJECTS 

PERCLOSE AVECLOSE EYEMEAS AVEOBS 
PERCLOSE 1.0000 ... ----
AVECLOSE 0.7989 1.0000 ----
EYEMEAS 0.8990 0.9694 1.0000 ----
AVEOBS 0.6618 0.8568 0.8123 1.0000 

MNSUBRAT 0.5568 0.7166 0.6886 0.8128 
SUMTHERR 
SUMLTERR 
RTMTHCOR 
RlLTCOR 0.3562 0.3465 0.3693 0.3422 
MNALPHA 0.4656 0.4778 0.4861 0.4856 
MNBETA 

MNTHETA 0.3862 0.3977 0.4066 0.4297 
ABRATIO 0.5215 0.4777 0.5122 0.4183 
TBRATIO 0.2839 0.2866 0.2997 0.2812 

ATBRATIO 0.4788 0.4551 0.4824 0.4182 
MNEMG 
THREOG 0.3290 

NUMRLBLK -0.2579 
MNHRT -0.4841 -0.5045 -0.5166 -0.4482 

MNSQHRT -0.4748 -0.4940 -0.5061 -0.4318 
VARHRT 
SKINPOT --

MNSUBRAT SUMTHERR SUMLTERR RTMTHCOR RTLTCOR 

--_ .... 
1.0000 ----

1.0000 _ ....... -
1.0000 .... _--

0.7806 1.0000 ---- i 

0.3058 0.5219 1.0000 • 

0.4226 

• 

0.3619 
0.3783 

! 

0.3773 

0.2879 

·0.3451 -0.2723 
-0.3300 -0.2608 

----



table. Variables with values less than 0.2500 are not considered to be encouraging for this 

type of research, whereas variables with values above 0.2500 are considered to have good 

relationships. To avoid accepting all variables, to make the tables more readable, and to 

emphasize those variables with reasonably good correlations, the 0.2500 criterion was 

chosen as the cut off correlation. As shown in the table, very high correlations exist 

between the eye measure variables and several other variables. 

The two-minute averaged correlation matrix appears in Table 5. Once again, only 

those values above 0.2500 are shown in the table. A comparison between Tables 4 and 5 

reveals an increase in all correlations, indicating that two-minute intervals are slightly 

better than the one-minute intervals. 

Table 6 displays the four-minute averaged correlation matrix. Those values above 

0.2500 are shown in the table. The correlation values in this table are higher than the 

previous two tables indicating that the four-minute interval data are superior to one- and 

two-minute interval data. Another observation is that the performance measure 

SUML TERR now has several correlations with other variables that are above 0.2500. 

SUMLTERR had no correlations above 0.2500 in the previous two tables with the 

exception of RTLTCOR. 

Finally, the six-minute averaged correlation matrix appears in Table 7. The 

correlation values were calculated by averaging the individual six-minute interval 

correlations across all eight subjects. Only those at or above 0.2500 are shown in the 

table. Of the four matrix tables, the six-minute interval matrix has the highest correlations 

for all variables. As shown in the matrix, RTMTHCOR now has several correlations 

above the 0.2500 cut off value. In previous tables, RTMTHCOR had very few, if any, 

correlations with other variables. 
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TableS 

TWO-MINUTE CORRELATIONS AVERAGED ACROSS 8 SUBJECTS 

PERCLOSE AVECLOSE EYEMEAS AVEOBS 
PERCLOSE 1.0000 ----
AVECLOSE 0.8145 1.0000 ..... 
EYEMEAS 0.9058 0.9721 1.0000 .... 
AVEOBS 0.6834 0.8831 0.8379 1.0000 

MNSUBRAT 0.5972 0.7467 0.7247 0.8219 
SUMTHERR 
SUMLTERR 
RTMTHCOR 
RTLTCOR 0.4404 0.4141 0.4455 0.4144 
MNALPHA 0.5065 0.5317 0.5338 0.5282 
MNBETA 

MNTHETA 0.4262 0.4530 0.4546 0.4793 
ABRATIO 0.5603 0.5098 0.5443 0.4510 
TBRATIO 0.2904 0.3025 0.3111 0.3028 

ATBRATIO 0.5032 0.4806 0.5050 0.4475 
MNEMG 
THREOG 0.2707 0.3875 

NUMRLBLK -0.2655 
MNHRT -0.5148 -0.5340 -0.5453 -0.4763 

MNSQHRT -0.5040 -0.5209 -0.5325 -0.4572 
VARHRT 
SKINPOT 

-

MNSUBRAT SUMTHERR SUMLTERR RTMTHCOR RTLTCOR 

-_ ... 
1.0000 ----

1.0000 .... 
1.0000 _._. 

0.7991 1.0000 _.--
0.3660 0.5287 1.0000 I 

0.4714 
I 

i 

0.4051 0.2601 
0.4305 
0.2626 I 

0.4210 

I 

0.3472 
i 

-0.3736 -0.3313 
-0.3564 -0.3184 

.. -
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Table 6 

FOUR-MINUJE CORRELATIONS AVERAGED ACROSS 8 SUBJECTS 

PERCLOSE AVECLOSE EYEMEAS AVEOBS 
PERCLOSE 1.0000 ----
AVECLOSE 0.8351 1.0000 ----
EYEMEAS 0.9078 0.9810 1.0000 ----
AVEOBS 0.7106 0.9034 0.8644 1.0000 

MNSUBRAT 0.6601 0.7852 0.7752 0.8331 
SUMTHERR 
SUMLTERR 0.2752 0.2607 0.2739 0.2835 
RTMTIlCOR 0.2681 
RTLTCOR 0.4775 0.4664 0.4975 0.4894 
MNALPHA 0.5250 0.5530 0.5476 0.5582 
MNBETA 

MNTHETA 0.4819 0.5007 0.5028 0.5307 
ABRATIO 0.5753 0.5192 0.5470 0.4685 
TBRATIO 0.3290 0.3339 0.3456 0.3387 

ATBRATIO 0.5318 0.4945 0.5185 0.4658 
MNEMG 
TIlREOG 0.3537 0.3227 0.4725 

NUMRLBLK 
MNHRT -0.5188 -0.5534 -0.5613 -0.5032 

MNSQHRT -0.5055 -0.5365 -0.5449 -0.4807 
VARHRT 0.2640 
SKINPOT 

---- ---- ,--

MNSUBRAT SUMTHERR SUMLTERR RTMTIlCOR RTLTCOR I 

! 

, 

.-.- ! 

1.0000 ----
• 

1.0000 ----
0.2719 1.0000 ---- , 

0.8107 1.0000 ---- ! 

0.4275 0.5430 0.3136 1.0000 J 

0.5108 I 

• 

0.4493 0.2506 0.2803 0.3441 
0.4808 
0.3000 0.2999 0.2810 
0.4625 0.2549 

0.4251 

-0.3943 -0.4166 
-0.3747 -0.3989 
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Table 7 

SIX-MINUTE CORRELATIONS AVERAGED ACROSS 8 SUBJECTS 

PERCLOSE AVECLOSE EYEMEAS AVEOBS 
PERCLOSE 1.0000 .. --
AVECLOSE 0.8506 1.0000 ----
EYEMEAS 0.9147 0.9844 1.0000 .. --
AVEOBS 0.7111 0.9108 0.8746 1.0000 

MNSUBRAT 0.6749 0.8021 0.7928 0.8334 
SUMTHERR 
SUMLTERR 0.3109 0.3331 0.3418 0.3312 
RTMTHCOR 0.3253 0.2939 0.3149 0.3201 
RTLTCOR 0.5192 0.5546 0.5110 0.5411 
MNALPHA 0.5442 0.5139 0.5618 0.5682 
MNBETA 

MNTHETA 0.5363 0.5660 0.5642 0.5617 
ABRATIO 0.6105 0.5018 0.5508 0.4683 
TBRATIO 0.3943 0.3810 0.3912 0.3660 

ATBRATIO 0.5858 0.5061 0.5440 0.4158 
MNEMG 
THREOG 0.3632 0.3236 0.4827 

NUMRLBLK -0.3281 
MNHRT -0.5180 -0.6122 -0.6195 -0.5471 

MNSQHRT -0.5660 -0.5951 -0.6032 -0.5252 
VARHRT 0.2992 
SKINPOT 

MNSUBRAT SUMTHERR SUMLTERR RTMTHCOR RTLTCOR 

.... 
1.0000 ----

1.0000 ----
0.2940 1.0000 _.--
0.2915 0.1634 1.0000 --.. 
0.4538 0.5629 0.4330 1.0000 
0.5211 

0.4155 0.3313 0.3554 0.4216 
0.4991 0.2522 0.3032 
0.3213 0.3258 0.3065 0.4144 0.4061 
0.4881 0.3065 0.3264 0.3180 

0.4241 

-0.4314 -0.2801 -0.2712 -0.4180 
-0.4131 -0.2718 -0.2696 -0.4630 
0.2558 

I 



"Selecting" subjects/all data. The previously performed averaged correlations were 

extremely conservative tests because some of the subjects never experienced drowsiness. 

Those subjects without drowsiness and who do not show any decrement in performance 

will have low correlations because the data will be clustered in one area. When data are 

clustered in an area, a line can be fitted to the data in any number of ways. The data are 

dispersed around any of these lines in such a manner that a low correlation results. 

Therefore, a second test was developed to eliminate those individuals that did not show 

any drowsiness. 

A criterion was developed to determine those subjects showing performance 

decrements. The criterion was then applied to each of the four performance measures: 

SUMTHERR, SUMLTERR, RTMTHCOR and RTLTCOR. The criterion used was the 

so-called "Hight! category in the Pick & Choose data analysis. The Pick & Choose 

analysis involved three categories - High, Medium or Moderate, and Low. 

For the variables SUMTHERR and SUML TERR, the "High It category arbitrarily 

consisted of 2 or more errors in a one-minute period. For the variables RTMTHCOR and 

RTL TCOR, the "High" category arbitrarily consisted of response times from 6.5 seconds 

to 10 seconds. Those subjects having any data in the "High" category were included in 

this second analysis and those subjects not having any data in the "High" category were 

not included. 

Once the subjects showing performance decrements were determined, four averaged 

correlations (one for each of the different minute intervals) per performance measure were 

calculated using only the chosen subjects. Each performance measure had a different set 

of subjects and therefore, separate correlations had to be performed for each of the 

performance measures. In total, 16 more averaged correlations were calculated. 
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Four subjects, 1, 2, 4 and 6, showed performance decrements for the RTL TCOR 

(response time to correct letter) measure. The individual correlations (see Appendices H, 

I, J and K for individual correlations for one-, two-, four- and six-minute intervals, 

respectively) for these subjects were averaged together to give the four new correlation 

matrices shown in Tables 8 through 11. Table 8 displays the one-minute interval 

correlations averaged across subjects 1, 2, 4 and 6. Tables 9, 10 and 11 display the two-, 

four- and six-minute averaged correlations averaged across the same four subjects (1, 2, 4 

and 6). Only values of 0.2500 or greater are shown in the tables. 

When these four tables are compared to one another, an increase in correlation 

values can be seen from one-minute interval data to six-minute interval data. Also, with 

the six-minute interval data, the RTLTCOR variable is correlated with more variables than 

with the one-minute interval data. Once again, six-minute interval correlations are 

superior to the other three smaller intervals. 

An increase in correlation values is also revealed when comparing Tables 8 through 

11 to Tables 4 through 7. Tables 4 through 7 were the averaged correlations matrices 

calculated by averaging across all eight individual subject correlations. Tables 8 through 

11 show that correlations are higher when only those subjects showing performance 

decrements are used to determine the averaged correlation matrices. As a matter of fact, 

the one-minute averaged correlations in the "selecting" subjects/all data analysis (Table 8) 

are almost as high as the six-minute averaged correlations in the all subjects/all data 

analysis (Table 7). 

For the RTM1HCOR (response time to correct math) measure, six subjects, 1, 2, 3, 

4, 5 and 6, showed performance decrements and were used to calculate the new averaged 

correlation matrices shown in Tables 12 through 15. Again, the individual correlations 

(see Appendices H, I, J and K for individual correlations for one-, two-, four- and six-
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Table 8 

ONE MINUTE CORRELATIONS AVERAGED ACROSS SUBJECTS 1,2,4,6 
(RESPONSE TIME TO CORRECT LETIER) 
(ALL DATA) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS MNSUBRAT 
PERCWSE 1.0000 .... 
AVECLOSE 0.7561 1.0000 .... 
EYEMEAS 0.8546 0.9753 1.0000 .... 
AVEOBS 0.6405 0.8627 0.8250 1.0000 ..... 

MNSUBRAT 0.5407 0.7309 0.6983 0.8197 1.0000 
R1LTCOR 0.5054 0.4644 0.5132 0.4661 0.4278 
MNALPHA 0.3156 0.3222 0.3313 0.3085 
MNBETA -0.2547 

MNTHETA 0.4061 0.3692 0.4068 0.3633 
ABRATIO 0.4556 0.4625 0.4768 0.4119 0.3125 
TBRATIO 0.4089 0.4031 0.4319 0.3901 0.2839 

ATBRATIO 0.4518 0.4630 0.4824 0.4222 0.3175 
MNEMG -0.3303 -0.2909 
THREOG 

NUMRLBLK -0.2801 -0.2631 
MNHRT -0.5779 -0.5722 -0.6070 -0.4803 -0.4221 

MNSQHRT -0.5637 -0.5576 -0.5926 -0.4560 -0.4024 
VARHRT 
SKINPOT 

R1LTCOR 

.... 
1.0000 I 

I 

-0.2644 
0.2856 

0.3505 
0.2552 

-0.4357 
-0.4166 

I 
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Table 9 

TWO MINUTE CORRELATIONS AVERAGED ACROSS SUBJECTS 1,2,4,6 
(RESPONSE TIME TO CORRECT LETI'ER) 
(ALL DATA) 

PERCWSE AVECLOSE EYEMEAS AVEOBS MNSUBRAT 
PERCLOSE 1.()()()() .... 
AVECLOSE 0.7739 1.0000 .... 
EYEMEAS 0.8638 0.9775 1.0000 ----
AVEOBS 0.6504 0.8828 0.8435 1.0000 ----

MNSUBRAT 0.5674 0.7525 0.7219 0.8285 1.0000 
RlLTCOR 0.5767 0.5208 0.5743 0.5289 0.4845 
MNALPHA 0.3406 0.3502 0.3562 0.3455 
MNBETA ·0.2533 -0.2623 -0.2685 

MNTHETA 0.4470 0.3943 0.4357 0.4026 0.2627 
ABRATIO 0.4775 0.4785 0.4913 0.4411 0.3433 
TBRATIO 0.4332 0.4188 0.4499 0.4218 0.3010 

ATBRATIO 0.4745 0.4759 0.4957 0.4507 0.3407 
MNEMG -0.3739 -0.3104 
THREOG 0.2716 

NUMRLBLK -0.2946 -0.2509 
MNHRT -0.6216 -0.6152 -0.6507 -0.5226 -0.4690 

MNSQHRT -0.6076 -0.5988 -0.6349 -0.4951 -0.4480 
VARHRT 

~KINPOT 

RlLTCOR I 

----
1.0000 

I 

-0.3280 
0.3201 

0.3807 
0.2849 I 

I 

. 

-0.5043 
-0.4838 
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Table 10 

FOUR MINUTE CORRELA nONS AVERAGED ACROSS SUBJECTS 1,2,4,6 
(RESPONSE TIME TO CORRECT LETTER) 
(ALL DATA) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS MNSUBRAT 
PERCLOSE 1.0000 .... 
AVECLOSE 0.7850 1.0000 ..... 
EYEMEAS 0.8643 0.9827 1.0000 .-.-
AVEOBS 0.6587 0.8917 0.8561 1.0000 .---

MNSUBRAT 0.6041 0.7772 0.7531 0.8369 1.0000 
RTLTCOR 0.6400 0.6001 0.6523 0.5938 0.5541 
MNALPHA 0.3567 0.3653 0.3588 0.3825 0.2773 
MNBETA -0.2781 -0.3088 -0.3262 -0.2877 

MNTHETA 0.4684 0.4169 0.4451 0.4449 0.2926 
ABRATIO 0.4902 0.4817 0.4858 0.4595 0.3691 
TBRATIO 0.4398 0.4339 0.4559 0.4577 0.3151 

ATBRATIO 0.4869 0.4746 0.4879 0.4651 0.3514 
MNEMG -0.4227 -0.2781 -0.3497 
TIIREOG 0.3074 

NUMRLBLK -0.3229 -0.2506 
MNHRT -0.6160 -0.6301 -0.6606 -0.5505 -0.4941 

MNSQHRT -0.6010 -0.6111 -0.6424 -0.5184 -0.4697 
VARHRT 
SKINPOT -- -

RTLTCOR . 
• 

J 
! 

I 

, .... 
1.0000 

! 

. 

-0.3849 
0.4006 
0.2727 
0.4596 
0.3548 
-0.2561 

-0.6207 
-0.5967 
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Table 11 

SIX MINUTE CORRELATIONS AVERAGED ACROSS SUBJECTS 1,2,4,6 
(RESPONSE TIME TO CORRECT LETTER) 
(ALL DATA) 

PERCLOSE AVECWSE EYEMEAS AVEOBS MNSUBRAT 
PERCLOSE 1.0000 ----
AVECWSE 0.8140 1.0000 ----
EYEMEAS 0.8779 0.9868 1.0000 _.--
AVEOBS 0.6553 0.9045 0.8700 1.0000 ----

MNSUBRAT 0.6226 0.8014 0.7758 0.8315 1.0000 
RTLTCOR 0.6439 0.6523 0.7002 0.6220 0.5555 
MNALPHA 0.3880 0.3926 0.3833 0.4156 0.2990 
MNBETA -0.2958 -0.3008 -0.3255 -0.3154 

MNTHETA 0.5277 0.4869 0.5126 0.4899 0.3139 
ABRATIO 0.5348 0.5038 0.5084 0.4906 0.3993 
TBRATIO 0.5009 0.4979 0.5223 0.4907 0.3412 

ATBRATIO 0.5404 0.5163 0.5307 0.5001 0.3828 
MNEMG -0.5008 -0.2916 -0.3685 
THREOG 0.3204 

NUMRLBLK -0.3351 
MNHRT -0.6870 -0.6750 -0.7088 -0.6119 -0.5534 

MNSQHRT -0.6762 -0.6567 -0.6917 -0.5829 -0.5352 
VARHRT 
SKINPOT 

RTLTCOR 

.... -
1.0000 

-0.3979 
0.5092 
0.3418 
0.5755 
0.4509 
-0.3446 , 

-0.6528 
-0.6342 
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Table 12 

ONE MINlITE CORRELATIONS AVERAGED ACROSS SUBJECTS 1,2,3,4,5,6 
(RESPONSE TIME TO CORRECT MATH) 
(ALL DATA) 

PERCWSE AVECLOSE EYEMEAS AVEOBS MNSUBRAT 
PERCLOSE 1.0000 .... 
AVECLOSE 0.8095 1.0000 ----
EYEMEAS 0.8933 0.9775 1.0000 ----
AVEOBS 0.7147 0.8939 0.8606 1.0000 _._. 

MNSUBRAT 0.6348 0.7897 0.7620 0.8634 1.0000 
RTMTHCOR 
MNALPHA 0.5010 0.5067 0.5170 0.4989 0.4183 
MNBETA 

MNTHETA 0.4901 0.4806 0.5035 0.4746 0.3886 
ABRATIO 0.5608 0.5501 0.5704 0.5054 0.4263 
TBRATIO 0.3750 0.3851 0.4008 0.3560 0.2760 

ATBRATIO 0.5518 0.5539 0.5733 0.5138 0.4311 
MNEMG -0.2842 
THREOG 0.3293 0.2806 

NUMRLBLK -0.2723 
MNHRT -0.5811 -0.5817 -0.6067 -0.4953 -0.4560 

MNSQHRT -0.5691 -0.5689 -0.5939 -0.4755 -0.4382 
VARHRT 
SKINPOT 

RTMTHCOR 

----
1.0000 
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Table 13 

TWO MINUTE CORRELATIONS AVERAGED ACROSS SUBJECTS 1,2,3,4,5,6 
(RESPONSE TIME TO CORRECT MATH) 
(ALL DATA) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS MNSUBRAT 
PERCLOSE 1.0000 _.--
AVECLOSE 0.8246 1.0000 .---
EYEMEAS 0.9009 0.9795 1.0000 .. _-
AVEOBS 0.7286 0.9104 0.8767 1.0000 ._--

MNSUBRAT 0.6665 0.8104 0.7860 0.8712 1.0000 
RTMTHCOR 0.2669 0.2508 0.2932 0.2741 
MNALPHA 0.5328 0.5384 0.5466 0.5376 0.4623 
MNBETA 

MNTHETA 0.5334 0.5134 0.5380 0.5187 0.4249 
ABRATIO 0.5937 0.5809 0.5994 0.5463 0.4730 
TBRATIO 0.3916 0.3996 0.4152 0.3838 0.2960 

ATBRATIO 0.5771 0.5766 0.5943 0.5503 0.4684 
MNEMG -0.3016 
THREOG 0.2632 0.3847 0.3343 

NUMRLBLK -0.2804 
MNHRT -0.6150 -0.6154 -0.6412 -0.5289 -0.4960 

MNSQHRT -0.6019 -0.6005 -0.6266 -0.5063 -0.4767 
VARHRT 
SKINPOT 

RTMTHCOR 

... -
1.0000 

0.2799 

-0.2687 
-0.2610 
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Table 14 

FOUR MINUTE CORRELATIONS AVERAGED ACROSS SUBJECTS 1,2,3,4,5,6 
(RESPONSE TIME TO CORRECT MATH) 
(ALL DATA) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS MNSUBRAT 
PERCLOSE 1.0000 ----
AVECLOSE 0.8361 1.0000 .---
EYEMEAS 0.9024 0.9841 1.0000 -.. -. 
AVEOBS 0.7398 0.9199 0.8891 1.0000 _.--

MNSUBRAT 0.7013 0.8332 0.8144 0.8792 1.0000 
RTMTHCOR 0.3247 0.2847 0.3023 0.3302 0.3032 
MNALPHA 0.5506 0.5592 0.5567 0.5706 0.5021 
MNBETA 

MNTHETA 0.5726 0.5575 0.5709 0.5730 0.4712 
ABRATIO 0.6241 0.6059 0.6192 0.5786 0.5185 
TBRATIO 0.4237 0.4419 0.4495 0.4355 0.3370 

ATBRATIO 0.6140 0.6077 0.6203 0.5893 0.5113 
MNEMG -0.3303 -0.2561 
THREOG 0.3182 0.2681 0.4555 0.3953 

NUMRLBLK -0.3043 
MNHRT -0.6272 -0.6314 -0.6575 -0.5584 -0.5209 

MNSQHRT -0.6129 -0.6142 -0.6407 -0.5324 -0.4991 
VARHRT 

L SKINPOT 

RTMTIlCOR 

----
1.0000 

I 

0.3010 
I 

0.3341 I 

-0.3563 
-0.3483 
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Table 15 

SIX MINUTE CORRELATIONS AVERAGED ACROSS SUBJECTS 1,2,3,4,5,6 
(RESPONSE TIME TO CORRECT MATH) 
(ALL DATA) 

PERCLOSE AVECWSE EYEMEAS AVEOBS MNSUBRAT 
PERCLOSE 1.0000 .... 
AVECLOSE 0.8590 1.0000 ..... 
EYEMEAS 0.9133 0.9873 1.0000 ._.-
AVEOBS 0.7430 0.9291 0.9002 1.0000 ----

MNSUBRAT 0.7237 0.8512 0.8336 0.8771 1.0000 
RTMTHCOR 0.3936 0.3700 0.3936 0.3880 0.3895 
MNALPHA 0.5762 0.5801 0.5761 0.5964 0.5217 
MNBETA 

MNTHETA 0.6310 0.6200 0.6324 0.6208 0.5030 
ABRATIO 0.6574 0.6240 0.6380 0.6012 0.5422 
TBRATIO 0.4858 0.5099 0.5173 0.4820 0.3773 

ATBRATIO 0.6626 0.6467 0.6608 0.6230 0.5435 
MNEMG -0.3662 -0.2643 
THREOG 0.3381 0.2909 0.4606 0.3785 

NUMRLBLK -0.3144 
MNHRT -0.6773 -0.6662 -0.6922 -0.6014 -0.5654 

MNSQHRT -0.6651 -0.6495 -0.6760 -0.5773 -0.5477 
VARHRT 0.2631 
SKINPOT 

RTMTHCOR 

.... 
1.0000 I 

0.3898 
0.2739 ! 

0.4243 
0.3517 

i 

-0.2567 

-0.2511 
-0.4097 
-0.4023 



minute intervals, respectively) for these six subjects were averaged together to give the 

four new correlation matrices. Table 12 displays the one-minute interval correlations 

averaged across subjects 1, 2, 3, 4, 5 and 6. Tables 13, 14 and 15 display the two-, four

and six-minute averaged correlations averaged across the same six subjects (1, 2, 3, 4, 5 

and 6). Only values of 0.2500 or greater are shown in the tables. 

The RTMIHCOR measure does not show any correlations above 0.2500 for the 

one-minute interval data (Table 12). However, when the six-minute interval correlations 

are reviewed (Table 15), the measure is correlated with several variables. When 

comparing the correlated variables for two-, four- and six-minute interval correlations, an 

increasing trend in correlation values is revealed. 

The RTMIHCOR averaged correlations for one-, two-, four- and six-minute 

interval data using only those subjects showing perfonnance decrements are higher than 

the comparable RTMTHCOR averaged correlations for one-, two-, four- and six-minute 

interval data using all eight subjects. 

For SUMLTERR (the sum of letter errors), only two subjects, 1 and 6, showed 

perfonnance decrements. In other words, only two subjects made two or more mistakes 

in anyone-minute interval on the letter task. The individual correlations (see Appendices 

H, I, J and K for individual subject correlations for one-, two-, four- and six-minute 

intervals, respectively) for these two subjects were averaged together to give an averaged 

correlation matrix for SUML TERR based on perfonnance decrement. The one-, two-, 

four- and six-minute interval correlations are shown in Tables 16 through 19, respectively. 

Only values of 0.2500 or greater are shown in the tables. 

Similar observations as were made with the RTLTCOR and RTMTHCOR 

correlations can be made with the correlations for SUML TERR. Specifically, the 

correlations detennined by those subjects showing perfonnance decrements increased 
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Table 16 

ONE MINUTE CORRELATIONS AVERAGED ACROSS SUBJECTS 1,6 
(SUM OF LETTER ERRORS) 
(ALL DATA) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS 
PERCLOSE 1.0000 ----
AVECLOSE 0.8936 1.0000 ._.-
EYEMEAS 0.9615 0.9793 1.0000 ----
AVEOBS 0.8005 0.9359 0.9000 1.0000 

MNSUBRAT 0.6624 0.7313 0.7248 0.7825 
SUMLTERR 0.4269 0.3415 0.3801 0.3227 
MNALPHA 0.5294 0.6604 0.6263 0.7211 
MNBETA 0.2700 

MNTHETA 0.6152 0.6208 0.6377 0.6017 
ABRATIO 0.6569 0.7701 0.7466 0.7908 
TBRATIO 0.5551 0.5435 0.5655 0.4987 

ATBRATIO 0.6474 0.7136 0.7087 0.7024 
MNEMG -0.3446 -0.2801 
THREOG 0.2761 0.4134 0.3616 0.5240 

NUMRLBLK 
MNHRT -0.7252 -0.6514 -0.7061 -0.5240 

MNSQHRT -0.7051 -0.6320 -0.6865 -0.4997 
VARHRT 
SKINPOT -0.3032 -0.3883 

------

MNSUBRAT SUMLTERR 

----
1.0000 .... 
0.3519 1.0000 
0.5240 

0.4554 0.3028 
0.6236 
0.4007 0.3019 
0.5645 

0.3780 

-0.4545 -0.3248 
-0.4363 -0.3102 
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Table 17 

TWO MINUTE CORRELATIONS AVERAGED ACROSS SUBJECTS 1,6 
(SUM OF LETTER ERRORS) 
(ALL DATA) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS 
PERCLOSE 1.0000 .... 
AVECLOSE 0.8981 1.0000 ----
EYEMEAS 0.9636 0.9801 1.0000 ._.-
AVEOBS 0.8175 0.9497 0.9147 1.0000 

MNSUBRAT 0.6870 0.7475 0.7439 0.7892 
SUMLTERR 0.4926 0.4007 0.4435 0.3946 
MNALPHA 0.5741 0.7079 0.6728 0.7627 
MNBETA 0.2839 

MNTHETA 0.6946 0.6879 0.7108 0.6644 
ABRATIO 0.7031 0.8164 0.7929 0.8371 
TBRATIO 0.6174 0.5961 0.6231 0.5513 

ATBRATIO 0.7053 0.7659 0.7638 0.7554 
MNEMG -0.3323 -0.2614 
THREOG 0.3002 0.4622 0.4003 0.5801 

NUMRLBLK 
MNHRT -0.7568 -0.6824 -0.7380 -0.5534 

MNSQHRT -0.7339 -0.6600 -0.7156 -0.5271 
VARHRT 
SKINPOT -0.3136 -0.2602 -0.3874 

MNSUBRAT SUMLTERRJ 

... -
1.0000 _.e. 
0.4369 1.0000 
0.5635 

0.4921 0.4067 
0.6662 
0.4344 0.3840 i 

0.6046 0.3292 

0.4226 
-0.2539 

-0.4974 -0.3591 
-0.4787 -0.3401 

-~--



\0 
0\ 

Table 18 

FOUR MINUlE CORRELATIONS AVERAGED ACROSS SUBJECTS 1,6 
(SUM OF LEITER ERRORS) 
(ALL DATA) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS MNSUBRAT 
PERCLOSE 1.0000 ._--
AVECLOSE 0.9145 1.0000 ._--
EYEMEAS 0.9684 0.9848 1.0000 .... 
AVEOBS 0.8345 0.9568 0.9244 1.0000 ----

MNSUBRAT 0.7276 0.7824 0.7806 0.8101 1.0000 
SUMLlERR 0.6193 0.5098 0.5601 0.4972 0.5892 
MNALPHA 0.5666 0.7268 0.6776 0.7908 0.6167 
MNBETA 0.2674 

MNTHETA 0.7373 0.7383 0.7554 0.7176 0.5416 
ABRATIO 0.7257 0.8451 0.8156 0.8660 0.7138 
TBRATIO 0.6656 0.6433 0.6691 0.5954 0.4690 

ATBRATIO 0.7477 0.8070 0.8027 0.7940 0.6471 
MNEMG -0.3828 -0.3045 
THREOG 0.2981 0.4808 0.4119 0.6070 0.4816 

NUMRLBLK -0.2558 
MNHRT -0.7967 -0.7128 -0.7669 -0.5802 -0.5409 

MNSQHRT -0.7752 -0.6907 -0.7453 -0.5549 -0.5231 
VARHRT 
SKINPOT -0.2868 

SUMLTERR 

._--
1.0000 

0.4954 
0.3447 
0.4530 
0.4263 

-0.2586 
-0.4694 
-0.4478 
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Table 19 

SIX MINUTE CORRELATIONS AVERAGED ACROSS SUBJECTS 1,6 
(SUM OF LEITER ERRORS) 
(ALL DATA) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS 
PERCLOSE 1.0000 ..... 

AVECLOSE 0.9309 1.0000 .... 
EYEMEAS 0.9733 0.9889 1.0000 --.-
AVEOBS 0.8459 0.9615 0.9304 1.0000 

MNSUBRAT 0.7231 0.7773 0.7706 0.8103 
SUMLTERR 0.7447 0.6102 0.6701 0.5596 
MNALPHA 0.6189 0.7772 0.7273 0.8346 
MNBETA 0.2768 

MNTHETA 0.8035 0.8122 0.8241 0.7684 
ABRATIO 0.7712 0.8839 0.8554 0.8992 
TBRATIO 0.7059 0.6982 0.7176 0.6312 

ATBRATIO 0.7911 0.8531 0.8464 0.8265 
MNEMG ~0.3663 -0.3071 
TIlREOG 0.3300 0.5102 0.4425 0.6368 

NUMRLBLK 
MNHRT -0.8361 -0.7762 -0.8172 -0.6698 

MNSQHRT ~0.8150 ~0.7551 -0.7963 -0.6464 
VARHRT 0.2521 
SKINPOT 

MNSUBRAT SUMLTERR 

-_ .. 
1.0000 ----
0.6099 1.0000 
0.6306 0.2852 

0.5682 0.5556 
0.7338 0.4390 
0.5062 0.5239 
0.6716 0.5149 

-0.3575 
0.4826 

-0.3025 
-0.6233 -0.6361 
-0.6066 -0.6163 



from the one-minute interval data to the six-minute interval data and these correlations are 

higher than those determined by using all eight subjects. As a matter of fact, the one

minute averaged correlations using subjects showing performance decrements are higher 

than the six-minute averaged correlations using all eight subjects. 

Another interesting observation can be made when comparing Tables 16 and 17 to 

Tables 4 and 5, respectively. Both Tables 4 and 5 which show the one- and two-minute 

interval correlations averaged across all eight subjects reveal that SUML TERR has very 

few correlations above 0.2500 with any of the variables. The corresponding one- and 

two- minute interval correlations averaged across only those subjects showing 

performance decrements are shown in Tables 16 and 17. These two tables reveal that 

SUML TERR is correlated with several variables having correlations at or above 0.2500. 

However, the point must be made that only two subjects were used in these second 

averaged correlation matrices. 

Finally, for the SUMTHERR (the sum of math errors) measure, five subjects, 1,2,4, 

5 and 6, showed performance decrements and were used to calculate the new averaged 

correlation matrices shown in Tables 20 through 23. Again, the individual correlations 

(see Appendices H, I, J and K for individual correlations for one-, two-, four- and six

minute intervals, respectively) for these five subjects were averaged together to give the 

new correlation matrices for SUMTHERR based on performance decrement. 

Table 20 displays the one-minute interval correlations averaged across subjects 1, 2, 

4, 5 and 6. Tables 21, 22 and 23 display the two-, four- and six-minute averaged 

correlations averaged across the same five subjects (subjects 1, 2, 4, 5 and 6). Only 

values of 0.2500 or greater are shown in the tables. 

An interesting observation is revealed when the four tables are studied. For one-, 

two- and four-minute interval correlations, SUMTHERR is not correlated with any 
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Table 20 

ONE MINUTE CORRELATIONS AVERAGED ACROSS SUBJECTS 1,2,4,5,6 
(SUM OF MATH ERRORS) 
(ALL DATA) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS MNSUBRAT 
PERCLOSE 1.0000 ----
AVECLOSE 0.7941 1.0000 ..... 
EYEMEAS 0.8790 0.9784 1.0000 .... 
AVEOBS 0.6969 0.8787 0.8496 1.0000 .. --

MNSUBRAT 0.6088 0.7665 0.7414 0.8492 1.0000 
SUMTHERR 
MNALPHA 0.4418 0.4409 0.4522 0.4337 0.3385 
MNBETA 

MNTHETA 0.4795 0.4510 0.4827 0.4441 0.3421 
ABRATIO 0.5558 0.5561 0.5713 0.5176 0.4343 
TBRATIO 0.3619 0.3644 0.3847 0.3357 

ATBRATIO 0.5467 0.5527 0.5710 0.5172 0.4292 
MNEMG -0.3186 -0.2810 
THREOG 0.2822 

NUMRLBLK -0.2517 
MNHRT -0.5503 -0.5363 -0.5679 -0.4324 -0.3703 

MNSQHRT -0.5351 -0.5197 -0.5516 -0.4075 -0.3487 
VARHRT 
SKINPOT 

-~ ~ 

SUMTHERR 
I 

I 

. ----
1.0000 

-
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Table 21 

TWO MINUTE CORRELATIONS AVERAGED ACROSS SUBJECTS 1,2,4,5,6 
(SUM OF MATH ERRORS) 
(ALL DATA) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS MNSUBRAT 
PERCLOSE 1.()()()() ----
AVECLOSE 0.8103 1.0000 .... 
EYEMEAS 0.8873 0.9804 1.0000 ----
AVEOBS 0.7093 0.8969 0.8666 1.0000 ----

MNSUBRAT 0.6381 0.7882 0.7651 0.8572 1.0000 
SUMTIlERR 
MNALPHA 0.4643 0.4663 0.4745 0.4678 0.3783 
MNBETA 

MNTHETA 0.5210 0.4778 0.5127 0.4823 0.3714 
ABRATIO 0.5758 0.5717 0.5850 0.5452 0.4654 
TBRATIO 0.3824 0.3768 0.3993 0.3605 0.2626 

ATBRATIO 0.5682 0.5661 0.5843 0.5447 0.4550 
MNEMG -0.3432 -0.2902 
THREOG 0.3210 0.2665 

NUMRLBLK 
MNHRT -0.5818 -0.5713 -0.6026 -0.4689 -0.4135 

MNSQHRT -0.5655 -0.5524 -0.5842 -0.4408 -0.3903 
VARHRT 
SKINPOT 

SUMTHERR 

----
l.()()()() 
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Table 22 

FOUR MINUTE CORRELATIONS AVERAGED ACROSS SUBJECTS 1,2,4,5,6 
(SUM OF MATH ERRORS) 
(ALL DATA) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS MNSUBRAT 
PERCLOSE 1.0000 ----
AVECLOSE 0.8215 1.0000 ----
EYEMEAS 0.8886 0.9851 1.0000 .... 
AVEOBS 0.7189 0.9077 0.8796 1.0000 .... 

MNSUBRAT 0.6701 0.8121 0.7931 0.8655 1.0000 
SUMTHERR 
MNALPHA 0.4797 0.4844 0.4808 0.5003 0.4157 
MNBETA 

MNTHETA 0.5492 0.5106 0.5331 0.5269 0.4054 
ABRATIO 0.5887 0.5796 0.5845 0.5617 0.4875 
TBRATIO 0.3963 0.3974 0.4123 0.3904 0.2763 

ATBRATIO 0.5834 0.5725 0.5841 0.5596 0.4669 
MNEMG -0.3836 -0.2593 -0.3180 
THREOG 0.3852 0.3292 

NUMRLBLK -0.2762 
MNHRT -0.5827 -0.5824 -0.6120 ·0.4980 -0.4385 

MNSQHRT -0.5651 -0.5607 -0.5910 ·0.4657 -0.4120 
VARHRT 
SKINPOT 

SUMTHERR 

----
1.0000 

I 
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Table 23 

SIX MINUTE CORRELATIONS AVERAGED ACROSS SUBJECTS 1,2,4,5,6 
(SUM OF MATH ERRORS) 
(ALL DATA) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS MNSUBRAT 
PERCLOSE 1.0000 ----
AVECLOSE 0.8460 1.0000 --.-
EYEMEAS 0.9004 0.9883 1.0000 ----
AVEOBS 0.7188 0.9181 0.8916 1.0000 ----

MNSUBRAT 0.6893 0.8322 0.8130 0.8620 1.0000 
SUMTIlERR 
MNALPHA 0.5057 0.5070 0.5013 0.5289 0.4367 
MNBETA 

MNTHETA 0.6022 0.5750 0.5947 0.5743 0.4346 
ABRATIO 0.6246 0.5978 0.6029 0.5888 0.5157 
TBRATIO 0.4447 0.4580 0.4713 0.4274 0.3080 

ATBRATIO 0.6256 0.6071 0.6191 0.5914 0.4977 
MNEMG -0.4431 -0.2760 -0.3347 
THREOG 0.2583 0.3917 0.3072 

NUMRLBLK -0.2828 
MNHRT -0.6381 -0.6232 -0.6528 -0.5479 -0.4898 

MNSQHRT -0.6232 -0.6021 -0.6326 -0.5179 -0.4685 
VARHRT 0.2578 
SKINPOT 

SUMTIIERR 

----
1.0000 

• 

• 

-0.2531 

-0.3081 

-0.2802 



variables above the 0.2500 level. Even when Table 23 which shows the six-minute 

interval correlations is examined, the SUMTHERR measure has correlations above 0.2500 

with only three variables (MNEMG~ NUMRLBLK and V ARHRT). When the previously 

run one-, two-, four- and six-minute interval correlations using all eight subjects are 

examined, the SUMTHERR measure is also not correlated with any variables above the 

0.2500 level, with the exception of one variable in the six-minute interval correlation 

matrix. 

"Selecting" SubjectslPick & choose data. A third method of running correlations 

was developed in an attempt to balance the design across drowsiness and non-drowsiness. 

For this method, three levels of performance decrement were developed - High, Medium 

or Moderate, and Low. A practical review of the data resulted in these following 

classifications. The criterion for the High category was two or more errors for the 

performance measures SUMLTERR and SUMTHERR and a response time from 6.5 to 10 

seconds for RTLTCOR and RTMTHCOR. One error for SUMLTERR and SUMTHERR 

and a response time from 3 to 6.49 seconds for RTL TCOR and RTMTHCOR constituted 

the Medium or Moderate category. Zero errors was the criteria for the Low category for 

SUMLTERR and SUMTHERR and a response time from 0 to 2.99 seconds was the 

criterion for the Low category for RTLTCOR and RTMTHCOR. 

All data falling into the High category were chosen using only the one-minute 

interval data. The data were chosen for each performance measure separately. Once all 

the intervals for the High category were determined, an equal number of intervals falling 

into the Medium and Low categories were randomly chosen. For example, if eight 

intervals from subject l's RTL TeOR data fell into the High category, then eight 

RTL TeOR intervals were randomly chosen which fell into the Medium category and eight 

RTLTCOR intervals were randomly chosen which fell into the Low category. All other 
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intervals were then deleted from the data set and a correlation was run on the new 

individual subject "pick & choose" data. This process was performed on each individual 

subject data separately for each of the four performance measures. If a subject did not 

have any intervals in the High category, a pick & choose correlation was not run for that 

subject. 

Once the individual pick & choose correlations were run, an average for each of the 

performance measures was calculated across subjects. If a subject did not have any 

intervals in the High category, then this subject was obviously not included in the average 

because a pick & choose correlation was not run for this subject. Finally, for each 

performance measure, the data were pooled across those subjects having intervals in the 

High category for that performance measure, and a fmal pick & choose pooled correlation 

was run. This fmal strategy combined all the pick & choose subject data for a specific 

performance measure and ran a pooled correlation on the combined data. The pooled data 

disregarded the fact that the data came from different subjects. 

For RTLTCOR (response time to correct letter), intervals in the High category were 

found for subjects 1, 2, 4 and 6. The individual pick & choose correlations for each of 

these subjects can be found in Appendix M (Tables M-l - M-4). The averaged pick & 

choose correlations (calculated by averaging the individual pick & choose correlations for 

subjects 1, 2, 4 and 6) are displayed in Table 24. As shown in the table, the RTL TCOR 

variable is correlated with several other variables. Most of the correlations between 

RTLTCOR and the other variables are above 0.50 with the exception of two correlations 

which are both above 0.30. The correlations for the RTL TeOR pick & choose data are 

generally slightly higher than the correlations for either the averaged six-minute interval all 

subjects/all data correlations or the averaged six-minute interval "selecting II subjects/all 

data correlations. 
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Table 24 

CORRELATIONS FOR PICK AND CHOOSE DATA AVERAGED 
ACROSS SUBJECTS 1,2,4,6 
(RESPONSE TIME TO CORRECT LEITER) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS 
PERCLOSE 1.0000 
AVECLOSE 0.8307 1.0000 
EYEMEAS 0.8807 0.9825 1.0000 
AVEOBS 0.4038 0.6529 0.6414 1.0000 

MNSUBRAT 0.7828 0.7138 0.6955 0.4501 
R1LTCOR 0.5764 0.7781 0.7519 0.5263 
MNALPHA 0.5719 0.4829 0.6228 
MNBETA -0.2930 

MNTHETA 0.5277 0.4679 0.5328 
ABRATIO 0.2610 0.6235 0.5273 0.4194 
TBRATIO 0.2574 0.5598 0.5012 0.4898 

ATBRATIO 0.2934 0.6448 0.5668 0.5104 
MNEMG -0.6226 -0.4398 -0.5303 
THREOG -0.2860 0.2884 

NUMRLBLK -0.6116 -0.3216 -0.3912 
MNHRT -0.4971 -0.7631 -0.7591 -0.8695 

MNSQHRT -0.5379 -0.7880 -0.7944 -0.8523 
VARHRT 0.2658 
SKINPOT 0.2714 L 0.2722 0.2970 

MNSUBRAT R1LTCOR 

1.0000 
0.3556 1.0000 
0.3025 0.5036 

-0.3139 
0.6577 

0.3652 0.5468 
0.7088 

0.2840 0.6495 
-0.3561 

. 

-0.4627 
-0.3585 -0.7077 
-0.3816 -0.6985 



The pooled pick & choose correlations for RTLTCOR are shown in Table 25. 

Again, the RTLTCOR measure is correlated with several variables with most of the 

correlations being above 0.30. These correlations are slightly worse than the pick & 

choose correlations shown in Table 23. In addition, when comparing these correlations to 

the previous correlations, the results are, in general, slightly worse than either the 

averaged six-minute interval correlations using all eight subjects or the averaged six

minute interval correlations using only those subjects showing performance decrements. 

Subjects 1 through 6 were found to have intervals in the High category for 

RTMTHCOR (response time to correct math). The individual pick & choose correlations 

for each of these subjects can be found in Appendix N (Tables N-l - N-6). Table 26 

displays the averaged pick & choose correlations (calculated by averaging the individual 

pick & choose correlations for subjects 1, 2, 3, 4, 5 and 6). The correlations for the 

RTMTHCOR pick & choose data are generally slightly worse than the correlations for 

either the averaged six-minute interval correlations using all eight subjects or the averaged 

six-minute interval correlations using only those subjects showing performance 

decrements. 

The pooled pick & choose correlations for RTMTHCOR are shown in Table 27. 

The RTM1HCOR measure is correlated with very few variables. Conclusions similar to 

RTLTCOR can be drawn with RTMTHCOR. These conclusions reveal that these pooled 

pick & choose correlations are slightly worse than the pick & choose correlations shown 

in Table 26 and are slightly worse than either the averaged six-minute interval all 

subjects/all data correlations or the averaged six-minute interval "selecting" subjects/all 

data correlations. 
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Table2S 

CORRELATIONS FOR PICK AND CHOOSE DATA 
POOLED ACROSS SUBJECTS 1,2,4,6 
(RESONSE TIME TO CORRECT LETTER) 
(N=36) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 
AVECLOSE 0.9265 1.0000 
EYEMEAS 0.9665 0.9909 1.0000 
AVEOBS 0.7999 0.8766 0.8655 

MNSUBRAT 0.4635 0.4704 0.4827 
RTLTCOR 0.6888 0.5428 0.5935 
MNALPHA 0.4057 0.6034 0.5478 
MNBETA 0.3462 0.2888 

MNTHETA 0.7921 0.8145 0.8187 
ABRATIO 0.5331 0.7175 0.6680 
TBRATIO 0.8538 0.8391 0.8554 

ATBRATIO 0.7369 0.8516 0.8263 
MNEMG -0.6258 -0.7014 -0.6833 
THREOO 

NUMRLBLK -0.4305 -0.3216 -0.3715 
MNHRT -0.5132 -0.4176 -0.4650 

MNSQHRT -0.5002 -0.4141 -0.4579 
VARHRT -0.3274 -0.2934 
SKINPOT 

AVEOBS MNSUBRAT RTLTCOR 

1.0000 
0.6217 1.0000 
0.4955 0.2816 1.0000 
0.4506 0.3477 

0.6081 0.4372 0.3997 
0.5819 0.4180 
0.6660 0.4098 0.5420 
0.6840 0.4603 0.3019 
-0.4282 

-0.4879 -0.3384 -0.4294 
-0.4462 -0.7693 -0.3544 
-0.4373 -0.7676 -0.3250 

• 

0.6692 
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Table 26 

CORRELATIONS FOR PICK AND CHOOSE DATA AVERAGED 
ACROSS SUBJECTS 1,2,3,4,5,6 
(RESPONSE TIME TO CORRECT MATH) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS 
PERCWSE 1.0000 ----
AVECLOSE 0.8073 1.0000 .... 
EYEMEAS 0.8513 0.9915 1.0000 ._ .. 
AVEOBS 0.7315 0.8581 0.8488 1.0000 

MNSUBRAT 0.6440 0.8085 0.7786 0.8510 
RTMTHCOR 0.3022 0.2609 
MNALPHA 0.4699 0.5011 0.4919 0.5404 
MNBETA 

MNTHETA 0.6271 0.5744 0.6106 0.5802 
ABRATIO 0.5895 0.5977 0.6041 0.5508 
TBRATIO 0.5216 0.4726 0.5160 0.4180 

ATBRATIO 0.6760 0.6544 0.6797 0.5931 
MNEMG -0.3804 -0.3226 -0.3599 
THREOO 0.3089 

NUMRLBLK -0.4271 -0.4076 -0.4157 
MNHRT -0.7055 -0.7759 -0.7849 -0.5918 

MNSQHRT -0.7006 -0.7722 -0.7807 -0.5762 
VARHRT 
SKINPOT 

MNSUBRAT RTMTHCOR 

.... 
1.0000 ----

1.0000 
0.4261 

-0.3448 
0.4176 0.3450 
0.4697 
0.3062 0.4199 
0.4900 0.2976 

-0.2725 -0.2925 
-0.5430 -0.2676 
-0.5323 -0.2533 

~---
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Table 27 

CORRELATIONS FOR PICK AND CHOOSE DATA 
POOLED ACROSS SUBJECTS 1,2,3,4,5,6 
(RESPONSE TIME TO CORRECT MATH) 
(N=84) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 ----
AVECLOSE 0.9006 1.0000 ----
EYEMEAS 0.9467 0.9899 1.0000 
AVEOBS 0.8130 0.8918 0.8853 

MNSUBRAT 0.4745 0.4706 0.4924 
RTMTHCOR 0.3802 0.2916 
MNALPHA 0.4825 0.6500 0.6217 
MNBETA 0.2810 0.4537 0.4163 

MNTHETA 0.7224 0.7536 0.7629 
ABRATIO 0.6293 0.7742 0.7552 
TBRATIO 0.7504 0.7051 0.7298 

ATBRATIO 0.7661 0.8512 0.8479 
MNEMG -0.5911 -0.6440 -0.6354 
THREOG 0.2901 0.2553 

NUMRLBLK -0.3322 -0.2545 -0.2949 
MNHRT -0.4429 -0.3545 -0.3933 

MNSQHRT -0.4507 -0.3735 -0.4088 
VARHRT -0.2573 
SKINPOT 

AVEOBS MNSUBRAT RTMTHCOR 

--_. 
1.0000 ----

0.6681 1.0000 ----
0.2656 1.()()()() 
0.5110 0.3641 
0.2946 
0.5994 0.3627 0.2845 
0.6540 0.4456 
0.5869 0.4223 
0.7154 0.4182 
-0.3917 
0.3200 
-0.3037 -0.2829 
-0.4732 -0.6807 
-0.4805 -0.6584 

I 

0.6649 



The third perfonnance measure (SUMLTERR - the sum of the letter errors) 

contained only two subjects having intervals in the High category. These two subjects 

were subjects 1 and 6. The individual pick & choose correlations for subjects I and 6 can 

be found in Appendix 0 (Tables 0-1 - 0-2). The averaged pick & choose correlations 

(calculated by averaging the individual pick & choose correlations for subjects 1 and 6) 

are displayed in Table 28. As shown in the table, the SUML TERR variable is correlated 

with several other variables. Most of the correlations between SUML TERR are above 

0.30 with the exception of three correlations which are very close to 0.30. The 

correlations for the SUML TERR pick & choose data are generally slightly higher than the 

correlations for the averaged six-minute interval correlations using all eight subjects but 

are generally slightly lower than the correlations for the averaged six-minute interval 

correlations using only those subjects showing perfonnance decrements. Due to the fact 

that the results were based on averaging across only two subjects, the generalizability of 

the results is limited. 

Table 29 displays the pooled pick & choose correlations for SUML TERR. Again, 

the SUMLTERR measure is correlated with several variables with all of the correlations 

being above 0.30. These correlations are slightly better than the pick & choose 

correlations shown in Table 28. In addition, when comparing these correlations to the 

previous correlations, the results are, in general, slightly better than the averaged six

minute interval all subjects/all data correlations but slightly worse than the averaged six

minute interval "selecting" subjects/all data correlations. When comparing both the 

SUML TERR pick & choose correlations and the SUML TERR pooled pick & choose 

correlations to the previously presented correlations, the fact that only two subjects were 
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Table 28 

CORRELATIONS FOR PICK AND CHOOSE DATA AVERAGED 
ACROSS SUBJECTS 1,6 
(SUM OF LEITER ERRORS) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS 
PERCLOSE 1.0000 ----
AVECLOSE 0.8655 1.0000 ----
EYEMEAS 0.9389 0.9842 1.0000 .... 
AVEOBS 0.8012 0.5690 0.6542 1.0000 

MNSUBRAT 0.8117 0.6218 0.6965 0.9742 
SUMLTERR 0.5901 0.3504 0.7253 
MNALPHA -0.4359 
MNBETA -0.3614 -0.6273 -0.5622 

MNTHETA 0.3553 0.2612 
ABRATIO 0.2708 
TBRATIO 0.4648 0.3680 

ATBRATIO 0.4804 0.3651 
MNEMG -0.4679 -0.3983 
THREOG -0.4386 -0.3792 0.2889 

NUMRLBLK -0.5117 -0.4116 
MNHRT 

MNSQHRT -0.3053 
VARHRT -0.3526 -0.2771 0.3295 
SKINPOT 0.3501 

MNSUBRAT SUMLTERR 

----
1.0000 .... 
0.6927 1.0000 

-0.3648 

-0.3838 

0.2721 
0.2644 0.2978 

0.2640 

0.2599 0.4369 
-0.3433 
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Table 29 

CORRELATIONS FOR PICK AND CHOOSE DATA 
POOLED ACROSS SUBJECTS 1,6 
(SUM OF LETTER ERRORS) 
(N=21) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 .... 
AVECLOSE 0.9558 1.0000 ----
EYEMEAS 0.9838 0.9923 1.0000 
AVEOBS 0.8309 0.9383 0.9015 

MNSUBRAT 0.6609 0.7677 0.7334 
SUMLTERR 0.6618 0.5871 0.6172 
MNALPHA 
MNBETA 

MNTHETA 0.7347 0.7277 0.7416 
ABRATIO 0.3304 0.2869 
TBRATIO 0.8835 0.8662 0.8849 

ATBRATIO 0.6405 0.7109 0.6963 
MNEMG -0.5841 -0.4602 -0.5177 
THREOG -0.4330 -0.2993 -0.3600 

NUMRLBLK -0.8297 -0.8159 -0.8331 
MNHRT -0.6295 -0.6659 -0.6657 

MNSQHRT -0.5938 -0.6324 -0.6311 
VARHRT 
SKINPOT 

---- ---

AVEOBS MNSUBRAT SUMLTERR 

_ ... 
1.0000 ----
0.7777 1.0000 .... 
0.4985 0.5355 1.0000 

0.5004 
-0.2536 0.2762 
0.5493 0.6901 0.4651 
0.2696 0.5821 
0.6918 0.6181 0.5011 
0.5712 0.7124 0.3547 

-0.2661 -0.3205 

-0.7377 -0.4048 -0.3901 
-0.4968 -0.6951 -0.4085 
-0.4579 -0.6741 -0.3770 

0.4372 



used in calculating these two pick & choose averaged correlation matrices must be 

considered. 

Table 30 shows the averaged pick & choose correlations for SUMTHERR (the sum 

of the math errors). These correlations were calculated by averaging the individual pick & 

choose correlations for subjects I, 2, 4, 5 and 6. These five subjects were the only 

subjects having intervals in the High category. The individual pick & choose correlations 

for subjects 1, 2,4, 5 and 6 can be found in Appendix P (Tables P-l - P-5). The 

correlations for the SUMTHERR pick & choose data are generally slightly better than the 

correlations for either the averaged six-minute interval all subjects/all data correlations or 

the averaged six-minute interval II selecting " subjects/all data correlations. 

The pooled pick & choose correlations for SUMTHERR are shown in Table 31. 

The SUMTHERR measure is correlated with very few variables. These pooled pick & 

choose correlations are slightly worse than the pick & choose correlations shown in Table 

25 and are about the same as either the averaged six-minute interval correlations using all 

eight subjects or the averaged six-minute interval correlations using only those subjects 

showing perfonnance decrements. 

Discussion of Correlation Analyses 

As shown in the previous correlation analysis section, the six-minute interval data 

were more reliable for drowsiness detection than the one-, two- or four-minute interval 

data. For the first two types of data configurations (the all subject/all data method and the 

"selecting" subject/all data method), a trend towards increasing correlations exists towards 

the longer averages. 1bis trend can be observed by studying Tables 4 through 7 and 

Tables 8 through 23. Tables 4 through 7 display the averaged correlations using all eight 

subjects for one-, two-, four- and six-minute interval data. When these tables are 

compared, it is clear that the correlations increase from one-minute interval data to six-
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Table 30 

CORRELATIONS FOR PICK AND CHOOSE DATA AVERAGED 
ACROSS SUBJECTS 1,2,4,5,6 
(SUM OF MATH ERRORS) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS 
PERCLOSE 1.0000 .... 
AVECLOSE 0.9027 1.0000 ----
EYEMEAS 0.9534 0.9882 1.0000 ----
AVEOBS 0.5442 0.5809 0.5687 1.0000 

MNSUBRAT 0.3721 0.4974 0.4597 0.2681 
SUMTHERR 0.5055 
MNALPHA 0.3002 0.3234 0.3052 0.7352 
MNBETA -0.4678 -0.4687 -0.4829 

MNTHETA 0.5550 0.5116 0.5328 0.8922 
ABRATIO 0.3900 0.4297 0.4107 0.8298 
TBRATIO 0.5633 0.4907 0.5232 0.8447 

ATBRATIO 0.5019 0.5022 0.5015 0.8933 
MNEMG -0.6543 -0.7017 -0.7085 -0.2816 
THREOG -0.4684 -0.4350 -0.4527 

NUMRLBLK -0.4421 -0.5794 -0.5489 -0.3625 
MNHRT -0.8311 -0.9341 -0.9243 -0.5220 

MNSQHRT -0.8255 -0.9328 -0.9203 -0.5258 
VARHRT -0.4227 -0.4847 -0.4682 
SKINPOT 0.2906 0.4364 0.4102 
--.---

MNSUBRAT SUMTHERR 

----
1.0000 ----

1.0000 

-0.2620 -0.2547 
0.5283 

0.3150 0.2944 
0.6251 

0.3405 0.4720 
-0.4576 

-0.3179 -0.2643 
-0.4780 
-0.4970 
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Table 31 

CORRELATIONS FOR PICK AND CHOOSE DATA 
POOLED ACROSS SUBJECTS 1,2,4,5,6 
(SUM OF MATH ERRORS) 
(N=45) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 .. --
AVECLOSE 0.8997 1.0000 .---
EYEMEAS 0.9480 0.9893 1.0000 
AVEOBS 0.8293 0.9117 0.9016 

MNSUBRAT 0.5829 0.5743 0.5969 
SUMTIlERR 0.3402 0.2727 
MNALPHA 0.4836 0.6586 0.6224 
MNBETA 0.2774 0.4627 0.4190 

MNTHETA 0.7574 0.7646 0.7856 
ABRATIO 0.6162 0.7601 0.7352 
TBRATIO 0.7944 0.7195 0.7636 

ATBRATIO 0.7725 0.8448 0.8453 
MNEMG -0.5999 -0.6581 -0.6618 
THREOO 

NUMRLBLK -0.4904 -0.3968 -0.4377 
MNHRT -0.5640 -0.4734 -0.5161 

MNSQHRT -0.5762 -0.4945 -0.5346 
VARHRT -0.3627 ·0.4197 -0.4134 
SKINPOT 0.2878 0.2828 0.3008 

AVEOBS MNSUBRAT SUMTIIERR 

----
1.0000 ----
0.6967 1.0000 ._.-

1.0000 
0.5463 0.4370 
0.3657 0.2863 
0.6495 0.5135 0.3416 
0.6509 0.5066 
0.6005 0.3897 0.4644 
0.7170 0.5258 
-0.3890 

-0.3843 -0.3175 
-0.5861 -0.7786 
-0.6031 -0.7766 

0.3613 0.7030 



minute interval data. Tables 8 through 23 display the averaged correlations using only 

those subjects showing performance decrements for a specific performance variable. 

Again, when the one-, two-, four- and six-minute interval correlations for a specific 

performance measure are compared, the six-minute interval data have higher correlations 

than the other interval data. Clearly, the six-minute interval data, in general, give the best 

results as compared to the other interval data when detecting impairment due to 

drowsiness. 

In most cases, when the two data configurations are compared, the "selecting" 

subjects/all data procedure produces some increase in the correlations. II Selecting" 

subjects/all data refers to picking those subjects showing performance decrements for a 

specific performance measure to determine the averaged correlation matrix. This 

improvement in correlations can be observed by comparing the six-minute correlations 

shown in Table 7 to the six-minute correlations shown in Tables 11, 15, 19 and 23 for 

each of the performance measures. 

The third data configuration was developed by a method called pick & choose in an 

attempt to balance a design between drowsiness and non-drowsiness. The pick & choose 

method consisted of picking data for each subject that fell into High performance 

decrement, Medium performance decrement, and Low performance decrement categories. 

The averaged "selecting" subjects/pick & choose correlations using only those subjects 

showing performance decrements produced better results than either the all subject/all 

data method or the "selecting" subject/all data method. In general, the correlations 

resulting from the "selecting" subjects/pick & choose method as shown in Tables 24, 26, 

28 and 30 are higher than the correlations resulting from either the all subject/all data 

method as shown in Tables 4 through 7 or the "selecting" subjects/all data method as 

shown in Tables 8 through 23. 
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The pooled pick & choose method consisted of combining all individual subjects' 

pick & choose data together and running a correlation. In general, this procedure 

produced poorer results as compared to the previous methods. This conclusion is 

revealed when a comparison is made between the correlations for the pooled pick & 

choose data as shown in Tables 25, 27, 29 and 31 and either the correlations for the all 

subject/all data or the tI selecting" subjects/all data. 

The individual subject data correlations shown in the Appendices H through 0 reveal 

that in fact the drowsiest subjects had the highest correlations and the non-drowsy subjects 

had the lowest correlations. For example, Subject 1 who fell asleep several times has 

extremely high correlations over a large number of variables. The six-minute interval 

correlations for Subject 1 are displayed here in Table 32. At the other extreme, Subject 8 

indicated after the experimental run that drowsiness had not been experienced during the 

experiment. In addition, this subject's mean subjective rating (variable MNSUBRA T) 

never went above approximately 6 % of the entire measurement scale. As displayed here 

in Table 33, the six-minute interval correlation matrix shows that Subject 8 had fewer and 

much lower correlations than those of Subject 1. Similar results occur when comparing 

the one-, two- and four-minute interval correlation matrices of Subject 1 and Subject 8. 

Regression Analyses 

Several multiple linear regression analyses were performed to determine the 

optimum linear regression models for detecting impairment due to drowsiness. All of 

these analyses were performed on the six-minute interval data. The six-minute interval 

data were used for the regression analyses because the correlation analyses showed that 

the six-minute interval data gave the best results. The regression analyses were performed 

on all data from the six-minute interval data as opposed to the pick & choose data used in 
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Table 32 

SIX MINUTE CORRELA nONS FOR SUBJEcr 1 
(N=19) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 ----
AVECLOSE 0.8981 1.0000 ----
EYEMEAS 0.9604 0.9841 1.0000 
AVEOBS 0.7571 0.9451 0.8958 

MNSUBRAT 0.7411 0.9187 0.8765 
SUMTHERR 0.8072 0.6696 0.7354 
SUMLTERR 0.8692 0.7052 0.7844 
RTMTHCOR 0.8899 0.7521 0.8246 
RTLTCOR 0.9032 0.7330 0.8183 
MNALPHA 0.4591 0.7333 0.6467 
MNBETA -0.5220 -0.3384 

MNTHETA 0.9583 0.8747 0.9291 
ABRATIO 0.6843 0.8706 0.8211 
TBRATIO 0.9641 0.8398 0.9090 

ATBRATIO 0.8941 0.9343 0.9426 
MNEMG -0.5859 -0.4509 -0.5272 
THREOG 

NUMRLBLK -0.8966 -0.8036 -0.8673 
MNHRT -0.8590 -0.8066 -0.8528 

MNSQHRT -0.8462 -0.8006 -0.8440 
VARHRT -0.2909 
SKINPOT 0.6~12 _ , .. 0.59]7 __ L.. 0.6307 

AVEOBS MNSUBRAT SUMTHERR SUMLTERR RTMTHCOR RTLTCOR 
. 

---- , 

1.0000 -_ ... -
0.9476 1.0000 _ ...... -
0.5418 0.5235 1.0000 ----
0.5725 0.5677 0.6696 1.0000 ----
0.6239 0.6171 0.9702 0.7354 1.0000 ----
0.5829 0.5944 0.6659 0.9836 0.7547 1.0000 
0.8116 0.8670 0.2951 0.2591 

-0.4058 -0.6665 -0.4918 -0.6790 
0.7551 0.7882 0.7886 0.8406 0.8719 0.8747 , 

0.8968 0.9342 0.3786 0.4804 0.4902 0.5269 , 

0.7039 0.7250 0.7868 0.8819 0.8758 0.9152 
0.8778 0.9100 0.6278 0.7354 0.7378 0.7793 
-0.3913 -0.3674 -0.5345 -0.5273 -0.5953 -0.5460 
0.3575 0.3973 -0.3310 -0.3185 
-0.7379 -0.7492 -0.6935 -0.8775 -0.7933 -0.8961 
-0.6655 -0.7066 -0.5707 -0.7756 -0.6725 -0.8270 
-0.6611 -0.7021 -0.5615 -0.7599 -0.6607 -0.8108 

-0.3380 -0.3774 
0.4805 0.6528 0.3406 0.5379 0.4592 0.6385 
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Table 33 

SIX MINUTE CORRELATIONS FOR SUBJECT 8 
(N=19) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 ----
AVECLOSE 0.7648 1.0000 ----
EYEMEAS 0.8894 0.9664 1.0000 
AVEOBS 0.4645 0.8539 0.7532 

MNSUBRAT 0.3490 0.4989 0.5479 
SUMTHERR 
SUMLTERR 
RTMTHCOR -0.2533 
R1LTCOR 
MNALPHA 0.5090 0.4407 
MNBETA 0.5508 0.4204 

MNTHETA 0.3078 
ABRATIO -0.3634 
TBRATIO -0.3503 -0.5422 -0.4879 

ATBRATIO -0.4842 -0.3161 
MNEMG 
THREOG 0.3041 0.2539 

NUMRLBLK 
MNHRT -0.6997 -0.5484 

MNSQHRT -0.7013 -0.5493 
VARHRT 
SKINPOT -0.2651 

"-

AVEOBS MNSUBRAT SUMTHERR SUMLTERR RTMTHCOR R1LTCOR 

----
1.0000 .. ---
0.4848 1.0000 ----

1.0000 ----
1.0000 -----

-0.3125 0.8108 1.0000 ----
0.7492 1.0000 

0.2990 0.3728 -0.3212 
0.4190 -0.3637 

·0.4862 0.2850 -0.2803 
-0.5422 0.3066 
-0.5740 0.3320 -0.2739 

-0.3071 0.2822 
0.4690 0.5435 
0.4543 0.3212 0.2641 
-0.8105 0.3483 0.2601 
-0.8147 0.3498 0.2572 
0.3259 0.3276 

-0.3788 0.3349 



some of the correlation analyses. All the six-minute interval data for each subject were 

pooled (combined) for this section of the data analysis. 

Initially. "backward stepwise" regressions were performed to predict all four of the 

performance measures and a so-called global measure (which is defmed below), 

tlBackward stepwise" regression analysis consists of placing all variables into the 

regression equation and then taking them out one-by-one based on the variables 

significance level. Each time a variable is removed, the regression analysis is rerun with 

the remaining variables. The process is continued until only those variables which are 

significant are left in the equation. 

Regression analyses were initially performed with all of the experimental variables, 

namely: PERCLOSE, AVECLOSE, EYEMEAS, A VEOBS, MNSUBRAT, MNALPHA, 

MNBETA, MNTHETA, MNEMG, THREOG, NUMRLBLK, MNHRT, MNSQHRT, 

V ARHRT and SKlNPOT. The EEG ratios which were included in the correlation 

analyses were not initially included here becau~ it was discovered that these variables 

were linearly dependent with the mean EEG terms. 

Initially, the regression analyses were performed on the non-baselined data. These 

data were simply the raw six-minute interval data pooled (combined) across all eight 

subjects. Next, the regression analyses were performed on the baselined data. The 

baselined data were obtained by using the baselining method which will be discussed at a 

later time. Finally, the regression analyses were performed on the normalized data. The 

normalized data were obtained by using the normalized method which will also be 

discussed at a later time. 

The global performance measure was defmed as a combination of the other four 

search and arithmetic task performance measures. This measure was developed because 

of the possibility that each of the four performance measures might have different optimal 
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linear regression models. A single performance measure which reflects the other four 

performance measures was needed to allow development of an overall linear regression 

model. The global performance measure was calculated by adding the four performance 

measures together after each one had been divided by its standard deviation. Dividing 

each of the four performance measures by its standard deviation allowed the measures to 

be added because the technique transformed the measures to similar magnitudes. 

Non-baselined method. The above mentioned independent variables were inputted 

into a regression analysis for each of the four performance measures and the global 

measure separately. Using the "backward stepwise" regression process, the variables were 

eliminated one-by-one until only significant variables were left in the equation. The results 

of these analyses are shown in Tables 34 through 38 for the four performance measures 

RTLTCOR, RTMTHCOR, SUMLTERR and SUMTHERR, and the global measure, 

respectivel y. 

Once only significant variables were left in the model, attempts were made to reduce 

the number of independent variables while retaining a value of R as close as possible to 

those found in Tables 34 through 38. The results of these attempts are displayed in Tables 

39 through 43. The models shown in the tables rely on eye closure measures, EEG 

measures, and heart rate measures only and the results were obtained by on-line trial and 

error. The EEG ratio measures were re-introduced in some cases in an attempt to 

improve the prediction accuracy. Tables 40 and 42 contain the EEG ratio measure 

ABRA TIO which had been removed at the beginning of the regression analysis. 

With the exception of the model for RTMTHCOR (Table 40), all the models use the 

eye closure measure PERCLOSE. The model displayed in Table 40 relies on EYEMEAS 

instead of PERCLOSE. Therefore, an attempt was made to fmd a good predictor 

equation for RTMTHCOR using the eye closure measure PERCLOSE instead of 
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Table 34 

Response Time to Correct Letter - Non-Baselined Data 

All Significant Measures (a = 0.01) 

Resression Statistics 

Multiple R 0.849527 

R Square 0.721696 

AdjustedR 0.704057 
Square 
Standard 0.481217 
Error 
Observations 152 

Analysis of Variance 

df Sumo! Mean F 
Sg,uares Sg,uare 

Regression 9 85.27196 9.474662 40.9149 

Residual 142 32.88294 0.23157 

Total 151 118.1549 

Significance F 

3.42E-35 

Coefficients Standard t Statistic P-value Lower 95% 
Error 

Intercept 16.49541 2.068906 7.973007 3.54E-13 12.40557 

PERCLOSE 3.188527 0.356665 8.939832 1.28E-15 2.483468 

MNBETA -0.00182 0.000305 -5.97432 1.59E-08 -0.00242 
MNTHETA 0.004294 0.001133 3.789929 0.000217 0.002054 

MNEMG 0.001615 0.000576 2.80319 0.005725 0.000476 

TIlREOG -3.5735 1.021517 -3.49823 0.000616 -5.59284 

NUMRLBLK 0.019746 0.005513 3.581961 0.000459 0.008848 

MNHRT -0.37068 0.060959 -6.08085 9.37E-09 -0.49118 
MNSQHRT 0.002402 0.000434 5.528272 1.39E-07 0.001543 

SKINPOT -0.02748 0.006491 -4.23363 3.98E-05 -0.04031 

122 

Upper 95% 

20.58524 

3.893586 

-0.00122 

0.006533 

0.002755 

-1.55415 

0.030643 

-0.25018 

0.003261 

-0.01465 



Table 35 

Response Time to Correct Math - Non-Baselined Data 

All Significant Measures (a = 0.01) 

Regression Statistics 

MUltiple R 0.765895 
R Square 0.586595 

AdjustedR 0.560393 
Square 
Standard 0.592854 
Error 
Observations 152 

Analysis of Variance 

df Sumo! Mean F 
S9,uares S9,uare 

Regression 9 70.81843 7.868714 22.38761 

Residual 142 49.90964 0.351476 
Total 151 120.7281 

Coefficients Standard t Statistic P-value 
Error 

Intercept 17.19918 2.621679 6.560366 8.06E-1O 
AVEUOSE -0.06808 0.019318 -3.52429 0.000562 
EYEMEAS 0.000757 0.000168 4.495531 1.37E-05 
AVEOBS 0.017574 0.006083 2.889034 0.004433 
MNAlPHA -0.00106 0.000402 -2.63858 0.009198 
TIIREOG -9.51497 1.291188 -7.36916 1.05E-II 
NUMRLBLK 0.035188 0.007753 4.5388 l.15E-05 
MNHRT -0.34879 0.076989 -4.53038 1.19E-05 
MNSQHRT 0.00225 0.000546 4.118125 6.27E-05 
SKINPOT -0.05324 0.009182 -5.79847 3.78E-08 
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Significance F 

2.68E-23 

Lower 95% Upper 95% 

12.01662 22.38174 

-0.10627 -0.02989 

0.000424 0.001089 

0.005549 0.029599 

-0.00185 -0.00027 

-12.0674 -6.96253 
0.019862 0.050513 
-0.50098 -0.1966 
0.00117 0.003331 
-0.0714 -0.03509 



Table 36 

'Sum of Letter Errors - Non-Baselined Data 

All Significant Measures (ex = 0.01) 

Resression Statistics 

Multiple R 0.819056 

R Square 0.670853 

Adjusted R 0.654852 
Square 
Standard 0.11227 
Error 
Observations 152 

Analysis of Variance 

df Sum of Mean 
Sg,uares SfJ.uare 

Regression 7 3.699374 0.528482 

Residual 144 1.815063 0.012605 

Total 151 5.514437 

Coefficients Standard t Statistic 
Error 

Intercept 2.755744 0.410085 6.719928 

PERCLOSE 1.05229 0.21686 4.852389 

EYEMEAS -5.2E-05 1.93E-05 -2.68029 
MNSUBRAT -0.00125 0.000381 -3.27077 

MNBETA -0.00018 6.42E-05 -2.85913 

MNTIlETA 0.001698 0.000235 7.21593 
MNHRT -0.07595 0.011386 -6.67058 
MNSQHRT 0.000503 7.82E-05 6.426898 

F Significance F 

41.9277 9.41E-32 

P-value lower 95% Upper 95% 

3.49E-I0 1.945178 3.566309 

3.01E-06 0.623649 1.480932 

0.008173 -9E-05 -1.4E-05 

0.001329 -0.002 -0.00049 

0.004849 -0.00031 -5.7E-05 

2.43E-ll 0.001233 0.002163 

4.53E-IO -0.09846 -0.05345 

1.61E-09 0.000348 0.000657 
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Table 37 

Sum of Math Errors - Non-Baselined Data 

All Significant Measures (a = 0.01) 

Resression Statistics 

MUltiple R 0.577935 

R Square 0.334009 

AdjustedR 0.30645 
Square 
Standard 0.182351 
Error 
Observations 152 

Analysis of Variance 

df Sum of Mean 
SfJ.uares S9,uare 

Regression 6 2.418083 0.403014 

Residual 145 4.821501 0.033252 

Total 151 7.239583 

Coefficients Standard t Statistic 
Error 

Intercept 3.195395 0.723665 4.415572 
PERQ..OSE 1.605524 0.307345 5.223843 

EYEMEAS -0.00012 2.72E-05 -4.44047 

MNTHETA 0.000975 0.000266 3.665346 

MNHRT -0.08824 0.021146 -4.17275 

MNSQHRT 0.00062 0.000149 4.151074 

SKINPOT -0.01052 0.002311 -4.55316 

F Signifzcance F 

12.12008 5.13E-ll 

P-value Lower 95% Upper 95% 

1.91E-05 1.7651 4.625689 

5.72E-07 0.998069 2.21298 

1.72E-05 -0.00017 -6.7E-05 

0.000341 0.000449 0.001501 

5.06E-05 -0.13003 -0.04644 

5.51E-05 0.000325 0.000915 

1.08E-05 -0.01509 -0.00595 
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Table 38 

Global Drowsiness Detection Variable - Non-Baselined Data 

All Significant Measures (a. = 0.01) 

Resression Statistics 

Multiple R 0.839086 

R Square 0.704066 

Adjusted R 0.68751 
Square 
Standard 1.796839 
Error 
Observations 152 

Analysis of Variance 

df Sum of Mean F Significance F 
SlJ.uares SlJ.uare 

Regression 8 1098.429 137.3036 42.5269 3.64E-34 

Residual 143 461.694 3.228629 

Total 151 1560.123 

Coefficients Standard t Statistic P-value Lower 95% Upper 95% 
Error 

Intercept 68.47565 7.839954 8.73419 4.31E-15 52.97848 83.97281 

PERCLOSE 11.80928 1.332396 8.863195 2.02E-15 9.175549 14.44302 

MNAlPHA -0.01049 0.001713 -6.12535 7.5E-09 -0.01388 -0.00711 

MNTIlETA 0.029943 0.004562 6.564275 7.9E-I0 0.020927 0.03896 

TIIREOG -22.0648 3.569961 -6.18067 5.67E-09 -29.1215 -15.008 

NUMRLBLK 0.074283 0.020628 3.601087 0.000429 0.033508 0.115057 
MNHRT -1.71427 0.228151 -7.51376 4.7E-12 -2.16526 -1.26329 
MNSQHRT 0.011418 0.001618 7.055977 5.79E-ll 0.008219 0.014617 
SKINPOT -0.1035 0.025846 -4.0045 9.72E-05 -0.15459 -0.05241 
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Table 39 

Response Time to Correct Letter - Non-Baselined Data 

Reduced Set of Measures 

Re&ression Statistics 

MUltiple R 0.790192 

R Square 0.624403 

Adjusted R 0.614183 
Square 
Standard 0.54945 
Error 
Observations 152 

Analysis of Variance 

df 

Regression 4 

Residual 147 

To~l 151 

Sum of Mean F 
Squares Square 

73.77632 18.44408 61.09434 

44.37858 0.301895 

118.1549 

Significance F 

2.59E-30 

Coefficients Standard t Statistic P-value Lower 95% 
Error 

Intercept 12.25089 1.60197 7.647393 2.23E-12 9.08503 

PERCLOSE 3.296761 0.288579 11.42412 3.56E-22 2.726462 
MNBETA -0.00091 0.000174 -5.23997 5.32E-07 -0.00126 

MNHRT -0.23401 0.047462 -4.93037 2.14E-06 -0.3278 

MNSQHRT 0.001406 0.000335 4.190889 4.71E-05 0.000743 
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Upper 95% 

15.41676 

3.86706 

-0.00057 

-0.14021 

0.002068 



Table 40 

Response Time to Correct Math - ·Non-Baselined Data 

Reduced Set of Measures 

Regression Statistics 

Multiple R 0.665369 

R Square 0.442716 
Adjusted R 0.427552 
Square 
Standard 0.676525 
Error 
Observations 152 

Analysis of Variance 

df Sum of Mean F 
Squares Square 

Regression 4 53.44826 13.36206 29.19484 

Residual 147 67.27981 0.457686 

Total 151 120.7281 

Coefficients Standard t Statistic P-value 
Error 

Intercept 12.70489 1.911049 6.648123 5.09E-I0 
EYEMEAS 0.000337 3.73E-05 9.015466 8.2E-16 
MNHRT -0.21961 0.055125 -3.98383 0.000105 
MNSQHRT 0.001442 0.000388 3.715397 0.000285 
ABRATIO -4.79267 0.585561 -8.18474 1.05E-13 
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S;gnificance F 

7.28E-18 

Lower 95% Upper 95% 

8.928212 16.48156 

0.000263 0.00041 
-0.32855 -0.11067 

0.000675 0.002209 

-5.94987 -3.63546 



Table 41 

Sum of Letter Errors - Non-Baselined Data 

Reduced Set of Measures 

Regression Statistics 

Multiple R 0.77884 

R Square 0.606592 

Adjusted R 0.593119 
Square 
Standard 0.121898 
Error 
Observations 152 

Analysis of Variance 

df Sum of Mean 
Sg,uares Sg,uare 

Regression 5 3.345012 0.669002 

Residual 146 2.169425 0.014859 

Total 151 5.514437 

Coefficients Standard t Statistic 
Error 

Intercept 2.094311 0.361123 5.799446 
PERCLOSE 0.331286 0.079855 4.148589 
MNBETA -0.00025 6.37E-05 -3.99093 

MNTIIETA 0.001778 0.000253 7.031132 
MNHRT -0.06081 0.010718 -5.67329 
MNSQHRT 0.000413 7.59E-05 5.43419 

F Significance F 

45.02315 6.l1E-28 

P-value Lower 95% Upper 95% 

3.77E-08 1.380608 2.808014 

5.56E-05 0.173465 0.489107 

0.000102 -0.00038 -0.00013 

6.62E-l1 0.001278 0.002278 

6.94E-08 -0.08199 -0.03962 

2.16E-07 0.000263 0.000563 
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Table 42 

Sum of Math Errors - Non-Baselined Data 

Reduced Set of Measures 

Regression Statistics 

Multiple R 0.556035 

R Square 0.309175 

AdjustedR 0.285516 
Square 
Standard 0.185082 
Error 
Observations 152 

Analysis of Variance 

df Sum of Mean 
S9,.uares S9,.uare 

Regression 5 2.238297 0.447659 

Residual 146 5.001287 0.034255 

Total 151 7.239583 

Coefficients Standard t Statistic 
Error 

Intercept 2.215742 0.578953 3.827151 
PERCLOSE 0.579553 0.116256 4.985148 

MNTIlETA 0.001704 0.000354 4.817788 

MNHRT -0.05704 0.016878 -3.37952 

MNSQHRT 0.000417 0.00012 3.4611 
ABRATIO -1.17971 0.215683 -5.46963 

F Significance F 

13.06829 1.63E-I0 

P-value Lower 95% Upper 95% 

0.000189 1.07153 3.359954 

1.68E-06 0.349791 0.809315 

3.5E-06 0.001005 0.002403 

0.000924 -0.0904 -0.02368 

0.0007 0.000179 0.000655 

1.83E-07 -1.60597 -0.75344 
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Table 43 

Global Drowsiness Detection Variable - Non-Baselined Data 

Reduced Set of Measures 

Regression Statistics 

Multiple R 0.758572 

R Square 0.575431 

Adjusted R 0.560891 
Square 
Standard 2.129987 
Error 
Observations 152 

Analysis of Variance 

df Sum of Mean F 
SfJ.uares Sfl.uare 

Regression 5 897.7435 179.5487 39.57568 

Residual 146 662.3793 4.536845 

Total 151 1560.123 

SignifICance F 

1.48E-25 

Coefficients Standard t Statistic P-value Lower 95% 
Error 

Intercept 46.48499 6.387584 7.277398 1.73E-ll 33.86092 
PERCLOSE 10.55704 1.326239 7.960138 3.81E-13 7.935938 
MNALPHA -0.00894 0.001667 -5.36115 3.04E-07 -0.01223 
MNTIIETA 0.02312 0.005046 4.581441 9.6E-06 0.013146 
MNHRT -1.1039 0.189879 -5.81373 3.51E-08 -1.47917 
MNSQHRT 0.007268 0.001347 5.397023 2.57E-07 0.004607 
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Upper 95% 

59.10907 

13.17815 

-0.00564 

0.033093 

-0.72864 

0.00993 



EYEMEAS. The result of this attempt is shown in Table 44 and compares favorably with 

the results in Table 40 as shown by the R values. The R value in Table 40 is 0.665369 and 
I 

the R value in Table 44 is 0.663969. 

Baselined method. As previously mentioned, the above results were obtained by 

using data that were essentially pooled across subjects. Pooled data make no distinction 

as to the subject number 'and do not account for individual differences in such variables as 

heart rate~ EEG amplitude, skin potential, EMG amplitude, etc. So, for example, if 

Subject lIs heart rate started at 70BPM and Subject 2's heart rate started at 90BPM and 

both subjects I heart rates decreased in a linear fashion, the regression analysis could not 

take full advantage of the trends because of the difference in the initial heart rate 

magnitudes. 

To detennine if improvements in the prediction of drowsiness could be achieved by 

taking into account individual subject differences, a procedure called "baselining" was 

developed. In this procedure, each independent variable for each subject separately was 

averaged for the frrst 12 minutes and then subtracted from all subsequent values. In other 

words, an initial averaged value for a given subject was subtracted from all subsequent 

values for the subject. For the previous heart rate example, the averaged heart rates of 

70BPM and 90BPM would be subtracted from Subject lIs data and Subject 2's data, 

respectively. 

Note that the "baselining" technique can be accomplished on-line during the 

experimental run. The frrst twelve minutes of, say, the heart rate would be collected and 

then averaged by a computer. The computer would then subtract the averaged heart rate 

value from all subsequent heart rate values that are collected. 

Once the "baselined" values were calculated, the previously run regression analyses 

were rerun using these new data. Again, all variables with the exception of the EEG ratio 
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Table 44 

Response Time to Correct Math - Non-Baselined Data 

Reduced Set of Measures - Using PERCLOSE instead of EYEMEAS 

Regression Statistics 

Multiple R 0.663969 
R Square 0.440855 
Adjusted R 0.42564 
Square 
Standard 0.677654 
Error 
Observations 152 

Analysis of Variance 

df 

Regression 4 
Residual 147 
Total 151 

Coefficients 

Intercept 11.0516 
PERCLOSE 3.719731 
MNHRT -0.17129 
MNSQHRT 0.001089 
ABRATIO -3.82959 

Sum of 
Squares 

53.22352 
67.50454 
120.7281 

Standard 
Error 

1.901344 
0.414537 

0.05501 
0.000387 

0.51986 

Mean F Significance F 
Square 

13.30588 28.9753 9.27E-18 
0.459215 

t Statistic P-value Lower 95% 

5.812521 3.53E-08 7.294103 
8.973218 1.05E-I5 2.90051 
-3.11381 0.00221 -0.28 
2.814929 0.00553 0.000324 
-7.36658 1.06E-ll -4.85696 
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Upper 95% 

14.8091 
4.538953 
-0.06258 
0.001853 
-2.80223 



variables were inputted into the regression model and removed one-by-one until only 

significant variables were left. The results of the IIbackward stepwise" regression analyses 

using the baselined data are presented in Tables 45 through 49. 

Again, attempts were made to reduce the number of independent variables with the 

baselined data while retaining a value of R as close as possible to those found in Tables 45 

through 49. The results of these attempts are presented in Tables 50 through 54. The 

models shown in the tables once again rely on eye closure measures, EEG measures, and 

heart rate measures only and were obtained by on-line trial and error. The EEG ratio 

measures were re-introduced in some cases in an attempt to improve the prediction 

accuracy. The regression models for RTMTHCOR (Table 51) and for SUMTHERR 

(Table 53) contain the EEG ratio measure ABRATIO. 

Because so many regression results have been presented, a table allowing 

comparison has been constructed (Table 55). This table shows the R values for each 

regression, the number of independent variables used in the model (in parentheses) and the 

table number in which the results appear. This table was designed to allow quick 

comparison of results. 

Normalized method. All the previous regression tables provide coefficients for the 

actual independent variables. These coefficients do not however, give an indication of the 

relative weighting of each independent variable. Therefore, the regressions performed in 

Tables 50 through 54 were rerun to provide an indication of the relative weighting for 

each variable. These tables contained the regressions performed on the "baselined" data. 

Prior to rerunning the regression analyses, each "baselined II independent variable was 

divided by its own standard deviation. This procedure thereby caused the subsequent 

regression coefficients to represent the "true" magnitude of the variable while retaining the 

134 



Table 45 

Response Time to Correct Letter - Baselined Data 

All Significant Measures (ex = 0.01) 

Resression Statistics 

Multiple R 0.871934 

R Square 0.760269 

AdjustedR 0.75035 
Square 
Standard 0.441981 
Error 
Observations 152 

Analysis of Variance 
df Sum of Mean 

SlJ.uares SlJ.uare 
Regression 6 89.82956 14.97159 

Residual 145 28.32534 0.195347 
Total 151 118.1549 

Coefficients Standard t Statistic 
Error 

Intercept 2.168134 0.055018 39.40768 
PERCLOSE 3.570434 0.429717 8.308812 
MNSUBRAT 0.008403 0.00153 5.490596 
MNALPHA -0.00572 0.000462 -12.3835 
MNTIIETA 0.004562 0.001121 4.069547 
MNHRT -0.50719 0.072441 -7.00142 
MNSQHRT 0.003457 0.000451 7.663624 

F Significance F 

76.64096 1.71E-42 

P-value Lower 95% Upper 95% 

2.34E-81 2.059393 2.276875 

5.15E-14 2.721117 4.419751 

1.66E-07 0.005378 0.011428 

9.46E-25 -0.00663 -0.00481 

7.57E-05 0.002347 0.006778 
7.77E-ll -0.65037 -0.36401 

2.03E-12 0.002566 0.004349 
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Table 46 

Response Time to Correct Math - Baselined Data 

All Significant Measures (a = 0.01) 

Regression Statistics 

Multiple R 0.747412 

R Square 0.558625 

Adjusted R 0.546615 
Square 
Standard 0.602073 
Error 
Observations 152 

Analysis of Variance 

df 

Regression 4 

Residual 147 

Total 151 

Coefficients 

Intercept 3.131533 
PERCLOSE 5.145573 
MNAlPHA -0.00517 
TIIREOG -5.1631 
VARHRT 0.017347 

Sum of Mean 
Squares Square 

67.44168 16.86042 

53.28638 0.362492 

120.7281 

Standard t Statistic 

E"or 

0.069651 44.96012 

0.416839 12.34427 

0.000492 -10.5173 

1.086442 -4.7523 

0.00379 4.576512 

F Significance F 

46.51248 3.29E-25 

P-value Lower 95% Upper 95% 

2.52E-89 2.993886 3.26918 

1.21E-24 4.321802 5.969344 

9.43E-20 -0.00615 -0.0042 

4.65E-06 -7.31016 -3.01604 

9.8E-06 0.009856 0.024838 
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Table 47 

Sum of Letter Errors - Baselined Data 

All Significant Measures (a = 0.01) 

Regression Statistics 

Multiple R 0.825403 

R Square 0.68129 

Adjusted R 0.668102 
Square 
Standard 0.110094 
Error 
Observations 152 

Analysis of Variance 

d! Sumo! 
Sg,uares 

Regression 6 3.756931 

Residual 145 1.757506 

Total 151 5.514437 

Coefficients Standard 
Error 

Intercept 0.043477 0.018026 

PERCLOSE 0.476112 0.101956 

AVEOBS -0.00197 0.000644 

MNBETA -0.00043 8.58E-05 

MNTIIETA 0.001505 0.000282 
MNHRT -0.11494 0.02026 
MNSQHRT 0.000714 0.000128 

Mean F Significance F 
Sg,uare 

0.626155 51.65984 1.28E-33 

0.012121 

t Statistic P-value Lower 95% Upper 95% 

2.411966 0.017067 0.00785 0.079104 

4.669774 6.61E-06 0.2746 0.677624 

-3.06269 0.002598 -0.00324 -0.0007 

-5.00558 1.53E-06 -0.0006 -0.00026 

5.329959 3.51E-07 0.000947 0.002064 

-5.67306 6.95E-08 -0.15498 -0.07489 

5.587373 1.05E-07 0.000461 0.000966 
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Table 48 

Sum of Math Errors - Baselined Data 

All Significant Measures (n = 0.01) 

Regression Statistics 

Multiple R 0.53907 

R Square 0.290596 

Adjusted R 0.276216 
Square 
Standard 0.186283 
Error 
Observations 152 

Analysis of Variance 

df Sum of 
Squares 

Regression 3 2.103794 

Residual 148 5.135789 

Total 151 7.239583 

Coefficients Standard 
Error 

Intercept 0.197682 0.02251 
PERCLOSE 0.940572 0.124227 
MNSUBRAT -0.00247 0.000619 
MNBETA -0.00041 0.000108 

Mean F Significance F 
Square 

0.701265 20.20861 4.94E-l1 

0.034701 

t Statistic P-value Lower 95% Upper 95% 

8.781975 3.26E-15 0.153199 0.242164 

7.571403 3.41E-12 0.695085 1.18606 

-3.987 0.000104 -0.00369 -0.00124 

-3.83986 0.000181 -0.00063 -0.0002 
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Table 49 

Global Drowsiness Detection Variable - Baselined Data 

All Significant Measures (a = 0.01) 

Regression Statistics 

Multiple R 0.861358 

R Square 0.741938 

Adjusted R 0.73126 
Square 
Standard 1.666315 
Error 
Observations 152 

Analysis of Variance 

d! Sumo! Mean F 
S~uares S~uare 

Regression 6 1157.515 192.9192 69.48021 

Residual 145 402.6078 2.776606 

Total 151 1560.123 

Significance F 

3.41E-40 

Coefficients Standard t Statistic P-value Lower 95% 
Error 

Intercept 7.178008 0.186295 38.53024 5.16E-80 6.809803 

PERCLOSE 17.74737 1.502617 11.81098 3.26E-23 14.77751 

MNAlPHA -0.01955 0.001794 -10.8946 9.3E-21 -0.02309 
MNTIlETA 0.018341 0.004458 4.114642 6.35E-05 0.009531 
1HREOG -9.27784 2.934084 -3.16209 0.001894 -15.0769 
MNHRT -1.51089 0.279482 -5.40603 2,47E-07 -2.06328 
MNSQHRT 0.010373 0.001734 5.980941 1.54E-08 0.006945 
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Upper 95% 

7.546213 

20.71724 

-0.016 

0.027152 

-3.47874 

-0.95851 

0.013801 



Table SO 

Response Time to Correct Letter - Baselined Data 

Reduced Set of Measures 

Regression Statistics 

Multiple R 0.842869 

R Square 0.710428 

Adjusted R 0.700511 
Square 
Standard 0.484092 
Error 
Observations 152 

Analysis of Variance 

df Sum of Mean 
Sg"uares Sg"uare 

Regression 5 83.9405 16.7881 

Residual 146 34.2144 0.234345 

Total 151 118.1549 

Coefficients Standard t Statistic 
Error 

Intercept -2.355803 0.04722 49.88951 
PERCLOSE 4.624818 0.421047 10.98408 
MNALPHA -0.00554 0.000504 -10.9793 
MNTIIETA 0.004877 0.001226 3.976845 
MNHRT -0.43798 0.078133 -5.60561 
MNSQHRT 0.003081 0.000488 6.308833 

F Significance F 

71.63833 1.48E-37 

P-value Lower 95% Upper 95% 

1.02E-95 2.262479 2.449127 

5.36E-21 3.792683 5.456953 

5.53E-21 -0.00654 -0.00454 

0.000108 0.002453 0.007301 

9.6E-08 -0.5924 -0.28356 

2.96E-09 0.002116 0.004046 
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Table 51 

Response Time to Correct Math - Baselined Data 

Reduced Set of Measures 

Regression Statistics 

Multiple R 0.714532 

R Square 0.510556 

AdjustedR 0.497238 
Square 
Standard 0.634011 
Error 
Observations 152 

Analysis of Variance 

df 

Regression 4 

Residual 147 

Total 151 

Coefficients 

Intercept 3.131174 
PERCLOSE 5.356643 

MNHRT -0.28653 
MNSQHRT 0.002138 
ABRATIO -7.12941 

Sum of Mean 
Squares Square 

61.63845 15.40961 

59.08962 0.40197 

120.7281 

Standard t Statistic 
Error 

0.061386 51.00772 

0.562837 9.517211 

0.099336 -2.88445 

0.000625 3.41987 

0.7119 -10.0146 

F Significance F 

38.33521 6.01E-22 

P-value Lower 95% Upper 95% 

4.3E-97 3.00986 3.252487 

4.09E-17 4.244345 6.46894 

0.004495 -0.48284 -0.09022 

0.000806 0.000903 0.003374 

2.02E-18 -8.53629 -5.72253 
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Table 52 

Sum of Letter Errors - Baselined Data 

Reduced Set of Measures 

Regression Statistics 

Multiple R 0.812818 

R Square 0.660673 

Adjusted R 0.649052 
Square 
Standard 0.11321 
Error 
Observations 152 

Analysis of Variance 

df Sum of 
Sg,uares 

Regression 5 3.643237 

Residual 146 1.8712 

Total 151 5.514437 

Coefficients Standard 
Error 

Intercept -0.00091 0.011023 

PERCLOSE 0.313012 0.089403 
MNBETA -0.0004 8.75E-05 

MNTHETA 0.001287 0.000281 

MNHRT -0.12399 0.020611 

MNSQHRT 0.000774 0.00013 

Mean F Significance F 
Sg,uare 

0.728647 56.85257 1.42E-32 

0.012816 

t Statistic P-value l..Dwer 95% Upper 95% 

-0.08224 0.934564 -0.02269 0.020879 

3.501121 0.000609 0.13632 0.489704 

-4.52393 1.22E-05 -0.00057 -0.00022 

4.57987 9.67E-06 0.000732 0.001842 

-6.01574 1.3E-08 -0.16472 -0.08325 

5.968558 1.64E-08 0.000518 0.001031 
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Table 53 

Sum of Math Errors - Baselined Data 

Reduced Set of Measures 

Regression Statistics 

Multiple R 0.513715 

R Square 0.263903 

AdjustedR 0.243874 
Square 
Standard 0.190399 
Error 
Observations 152 

Analysis of Variance 

df Sum of 
S~uares 

Regression 4 1.91055 

Residual 147 5.329033 

Total 151 7.239583 

Coefficients Standard 
Error 

Intercept 0.136869 0.018435 

PERCLOSE 0.785557 0.169025 

MNHRT -0.07906 0.029831 

ABRATIO -0.81087 0.21379 

MNSQHRT 0.000516 0.000188 

Mean F Significance F 
S~uare 

0.477638 13.17551 3.38E-09 

0.036252 

t Statistic P-value Lower 95% Upper 95% 

7.424485 7.71E-12 0.100438 0.173301 

4.647573 7.26E-06 0.451524 1.11959 

-2.65035 0.008898 -0.13802 -0.02011 

-3.79283 0.000215 -1.23337 -0.38837 

2.75008 0.006686 0.000145 0.000887 
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Table 54 

Global Drowsiness Detection Variable - Baselined Data 

Reduced Set of Measures 

Regression Statistics 

Multiple R 0.850966 

R Square 0.724143 

Adjusted R 0.714696 
Square 
Standard 1.7169 
Error 
Observations 152 

Analysis of Variance 

df Sum of Mean F 
Sg,uares Sg,uare 

Regression 5 1129.752 225.9504 76.65199 

Residual 146 430.3706 2.947744 

Total 151 1560.123 

Significance F 

4.42E-39 

Coefficients Standard t Statistic P-value lbwer 95% 
Error 

Intercept 6.890155 0.167474 41.14171 6.08E-84 6.559169 

PERCLOSE 16.49297 1.493302 11.04463 3.7E-21 13.54169 

MNALPHA -0.01812 0.001789 -10.1273 1.02E-18 -0.02165 

MNTIlETA 0.013813 0.004349 3.175766 0.001812 0.005217 
MNHRT -1.75128 0.277109 -6.31984 2.79E-09 -2.29894 
MNSQHRT 0.011723 0.001732 6.76771 2.71E-I0 0.008299 
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Upper 95% 

7.221141 

19.44425 

-0.01458 

0.022409 

-1.20362 

0.015146 
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Table 55 

Summary of Regression Analyses 

Measure 

AIl Significant 
Non- Measures 

Baselined (0:=0.01) 

Reduced Set 
Of Measures 

AIl Significant 
Measures 

Baselined (0:=0.01) 

Reduced Set 
Of Measures 

RTLTCOR RTMTHCOR 

0.85 (9) 0.77 (9) 
Table 33 Table 34 

0.79 (4) 0.66 (4) 
Table 38 Tables 39,43 

0.87 (6) 0.75 (4) 
Table 44 Table 45 

0.84 (5) 0.71 (4) 
Table 49 Table 50 

SUMLTERR SUMTHERR GLOBAL AVERAGES 

0.82 (7) 0.58 (6) 0.84 (8) 0.77 (7.8) 
Table 35 Table 36 Table 37 

0.78 (5) 0.56 (5) 0.76 (5) 0.71 (4.6) 
Table 40 Table 41 Table 42 

0.83 (6) 0.54 (3) 0.86 (6) 0.77 (5.0) 
Table 46 Table 47 Table 48 

0.81 (5) 0.51 (4) 0.85 (5) 0.74 (4.6) 
Table 51 Table 52 Table 53 



same R value and levels of significance. The results of these new regression analyses are 

displayed in Tables 56 through 60. 

All five of these tables show that MNHRT and MNSQHRT have relatively large, 

offsetting coefficients. The cause of these large, offsetting coefficients was not completely 

understood and therefore, additional regression analyses were performed with each of the 

two variables (MNHRT and MNSQHRT) sequentially eliminated in an attempt to obtain a 

better understanding of the effect. The regressions with the best results are presented in 

Tables 61 through 65. Tables 63 and 64 , the regression tables for SUML TERR and 

SUMTHERR, do not contain either the MNHRT variable or the MNSQHRT variable. 

Both the variables had to be removed because, removal of either variable by itself caused 

the other variable to become non-significant. 

The fmal regression analyses were run to attempt to reintroduce additional 

independent variables in an effort to recover reductions in R caused by deletions of 

MNHRT, MNSQHRT, or both. These additional analyses were performed on the global 

measure only_ Two improved results were obtained by this method and are shown in 

Tables 66 and 67. In Table 66, MNBETA was introduced into the model but then caused 

MNSQHRT to become non-significant (a=O.Ol). Therefore, MNSQHRT was deleted 

from the regression model. Table 67 shows the regression model with MNSQHRT 

included in the analysis. MNSQHRT has been retained because the variable would be 

significant with a slightly relaxed criterion, namely, a=O.02. 

The results of the regression analysis performed in Table 67 are plotted in Figure 13. 

This figure shows the actual value of the global measure and the predicted value of the 

global measure as a function of the six-minute interval observations. The fIrst 19 values in 

the plot correspond to the fIrst subject, the next 19 values correspond to the second 
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Table 56 

Response Time to Correct Letter - Baselined Data 

Reduced Set of Measures - Relative Weighting 

Resression Statistics 

Multiple R 0.842869 

R Square 0.710428 

Adjusted R 0.700511 
Square 
Standard 0.547256 
Error 
Observations 152 

Analysis of Variance 

df Sum of Mean 
Sg,uares Sg,uare 

Regression 5 107.2746 21.45491 

Residual 146 43.72544 0.299489 

Total 151 151 

Coefficients Standard t Statistic 
E"or 

Intercept 2.663187 0.053382 49.88951 
PERCLOSE 0.855372 0.077874 10.98408 
MNALPHA -0.84713 0.077158 -10.9793 
MNTIlETA 0.303284 0.076262 3.976845 
MNHRT -1.91926 0.342382 -5.60561 
MNSQHRT 2.068765 0.327916 6.308833 

F Significance F 

71.63833 1.48E-37 

P-value Lower 95% Upper 95% 

1.02E-95 2.557686 2.768688 

5.36E-21 0.701467 1.009278 

5.53E-21 -0.99962 -0.69464 

0.000108 0.152563 0.454005 

9.6E-08 -2.59592 -1.24259 

2.96E-09 1.42069 2.716839 
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Table 57 

Response Time to Correct Math - Baselined Data 

Reduced Set of Measures - Relative Weighting 

ReGression Statistics 

Multiple R 0.714532 
R Square 0.510556 
AdjustedR 0.497238 
Square 
Standard 0.709057 
Enor 
Observations 152 

Analysis of Variance 

df 

Regression 4 
Residual 147 
Toml 151 

Coefficients 

Intercept 3.501801 
PERCLOSE 0.98011 
MNHRT -1.24213 
MNSQHRT 1.420219 
ABRATIO -0.87247 

Sumo! Mean 
Squares Square 

77.09397 19.27349 
73.90603 0.502762 

151 

Standard t Statistic 
Error 

0.068652 51.00772 
0.102983 9.517211 
0.430631 -2.88445 

0.415284 3.41987 
0.087119 -10.0146 

F Significance F 

38.33521 6.01E-22 

P-value Lower 95% Upper 95% 

4.3E-97 3.366128 3.637475 
4.09E-17 0.776592 1.183628 
0.004495 -2.09316 -0.39111 

0.000806 0.59952 2.240917 

2.02E-18 -1.04463 -0.7003 
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Table 58 

Sum of Letter Errors - Baselined Data 

Reduced Set of Measures - Relative Weighting 

Regression Statistics 

Multiple R 0.812818 
R Square 0.660673 

Adjusted R 0.649052 
Square 
Standard 0.592409 
Error 
Observations 152 

Analysis of Variance 
df Sum of Mean 

SlJ.uares SlJ.uare 
Regression 5 99.76156 19.95231 

Residual 146 51.23844 0.350948 
Total 151 151 

Coefficients Standard t Statistic 
E"or 

Intercept -0.00474 0.057682 -0.08224 
PERCLOSE 0.267976 0.07654 3.501121 
MNTIIETA 0.370478 0.080893 4.57987 
MNHRT -2.51497 0.418065 -6.01574 
MNSQHRT 2.406937 0.403269 5.968558 
MNBETA -0.31109 0.068765 4.52393 

F Significance F 

56.85257 1.42E-32 

P-value Lower 95% Upper 95% 

0.934564 -0.11874 0.109256 

0.000609 0.116707 0.419246 

9.67E-06 0.210606 0.53035 

I.3E-08 -3.34121 -1.68873 

1.64E-08 1.609938 3.203937 
1.22E-05 -0.44699 -0.17519 
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TableS9 

Sum of Math Errors - Baselined Data 

Reduced Set of Measmes - Relative Weighting 

Re8ression Statistics 

Multiple R 0.513715 
R Square 0.263903 
AdjustedR 0.243874 
Square 
Standard 0.869555 
Enor 
Observations 152 

Analysis of Variance 

df 

Regression 4 
Residual 147 
Touu 151 

Coefficients 

Intercept 0.625083 
PERCLOSE 0.586959 
MNHRT -1.39967 
MNSQHRT 1.400576 
ABRATIO -0.40522 

Sum of Mean 
Squares Square 

39.84941 9.962351 
111.1506 0.756126 

151 

Standard t Statistic 
Error 

0.084192 7.424485 
0.126294 4.647573 
0.528106 -2.65035 
0.509286 2.75008 
0.106839 -3.79283 

F Significance F 

13.17551 3.38E-09 

P-value Lower 95% Upper 95% 

7.71E-12 0.4587 0.791466 
7.26E-06 0.337373 0.836544 
0.008898 -2.44333 -0.35601 
0.006686 0.39411 2.407043 
0.000215 -0.61636 -0.19408 
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Table 60 

Global Drowsiness Detection Variable - Baselined Data 

Reduced Set of Measures - Relative Weighting 

Resression Statistics 

Multiple R 0.850966 

R Square 0.724143 

Adjusted R 0.714696 
Square 
Standard 0.534139 
Error 
Observations 152 

Analysis of Variance 

df Sum of Mean F 
Sg,uares Sg,uare 

Regression 5 109.3456 21.86912 76.65199 

Residual 146 41.65439 0.285304 

Total 151 151 

Coefficients Standard t Statistic P-value 
Error 

Intercept 2.143572 0.052102 41.14171 6.08E-84 
PERCLOSE 0.839471 0.076007 11.04463 3.7E-21 
MNALPHA -0.76267 0.075308 -10.1273 1.02E-18 
MNTIlETA 0.236386 0.074434 3.175766 0.001812 
MNHRT -2.11193 0.334175 -6.31984 2.79E-09 
MNSQHRT 2.166043 0.320056 6.76771 2.71E-I0 

151 

Signifteance F 

4.42E-39 

Lower 95% Upper 95% 

2.0406 2.246544 

0.689255 0.989688 

-0.91151 -0.61384 

0.089278 0.383495 

-2.77238 -1.45149 

1.533503 2.798584 



Table 61 

Response Time to Correct Letter - Baselined Data 

Reduced Set of Measures - Relative Weighting 

Regression Statistics 

Multiple R 0.805049 

R Square 0.648104 

AdjustedR 0.638529 
Square 
Standard 0.601225 
Error 
Observations 152 

Analysis of Variance 

df Sumo! Mean 
Squares Square 

Regression 4 97.86377 24.46594 

Residual 147 53.13623 0.361471 

To~l 151 151 

Coefficients Standard t Statistic 
Error 

Intercept 2.66629 0.058643 45.46658 
PERCLOSE 1.04249 0.077295 13.48714 
MNAlPHA -0.95694 0.081989 -11.6715 
MNTHETA 0.366761 0.082854 4.42658 
MNSQHRT 0.252605 0.055577 4.545109 

F Significance F 

67.68439 2.23E-32 

P-value Lower 95% Upper 95% 

5.2E-90 2.550398 2.782182 

1.04E-27 0.889737 1.195243 

7.72E-23 -1.11897 -0.79491 

1.83E-05 0.203022 0.530501 

1.12E-05 0.142772 0.362439 

152 



Table 62 

Response Time to Correct Math· Baselined Data 

Reduced Set of Measures - Relative Weighting 

Regression Stalistics 

Multiple R 0.694877 

R Square 0.482854 

AdjustedR 0.472371 
Square 
Standard 0.72638 
Error 
Observations 152 

Analysis of Variance 

df 

Regression 

Residual 

Total 

Intercept 
PERCLOSE 

MNSQHRT 

ABRAll0 

3 

148 

151 

Coefficients 

3.498708 

1.094274 

0.238108 

-0.89382 

Sum of 
Squares 

72.91097 

78.08903 

151 

Standard 
Error 

0.070321 

0.097396 

0.068773 

0.088925 

Mean F 
Square 

24.30366 46.06205 

0.527629 

t Stalistic P-value 

49.75334 1.5E-95 

11.23528 1. 14E-21 

3.462253 0.000697 

-10.0514 1.62E-18 
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Significance F 

4.38E-21 

Lower 95% Upper 95% 

3.359745 3.637671 

0.901807 1.286741 

0.102205 0.374011 

-1.06954 -0.71809 



Table 63 

Sum of Letter Errors - Baselined Data 

Reduced Set of Measures - Relative Weighting 

Regression Statistics 

Multiple R 0.759315 

R Square 0.57656 

Adjusted R 0.567977 
Square 
Standard 0.657285 
EITer 
Observations 152 

Analysis of Variance 

df 

Regression 3 

Residual 148 

Total 151 

Coefficients 

Intercept 0.005765 
PERCLOSE 0.438903 
MNTHETA 0.509367 
MNBETA -0.52393 

Sum of Mean 
Squares Square 

87.06054 29.02018 

63.93946 0.432023 

151 

Standard t Statistic 
Error 

0.063093 0.091371 

0.075234 5.833865 

0.086005 5.922525 

0.065423 -8.00835 

F Significance F 

67.17271 1.8E-27 

P-value Lower 95% Upper 95% 

0.927319 -0.11891 0.130445 

3.I8E-08 0.290232 0.587574 

2.06E-08 0.339411 0.679324 

2.89E-13 -0.65321 -0.39465 
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Table 64 

Sum of Math Errors - Baselined Data 

Reduced Set of Measures - Relative Weighting 

Regression Statistics 

Multiple R 0.474614 

R Square 0.225258 

AdjustedR 0.214859 
Square 
Standard 0.886082 
Error 
Observations 152 

Analysis of Variance 

df 

Regression 2 

Residual 149 

Total 151 

Sum of Mean 
Squares Square 

34.01399 17.007 

116.986 0.785141 

151 

Coefficients Standard t Statistic 

Intercept 
PERCLOSE 

ABRATIO 

0.609958 

0.666512 

-0.40027 

Error 

0.08459 

0.102497 

0.102497 

7.210712 

6.502745 

-3.90514 

F Significance F 

21.66107 5.52E-09 

P-value Lower 95% Upper 95% 

2.5E-Il 

1.09E-09 

0.000142 
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0.442806 

0.463976 

-0.6028 

0.777109 

0.869047 

-0.19773 



Table 6S 

Global Drowsiness Detection Variable - Baselined Data 

Reduced Set of Measures - Relative Weighting 

Regression Statistics 

Multiple R 0.805406 

R Square 0.648679 

Adjusted R 0.639119 
Square 
Standard 0.600734 
Error 
Observations 152 

Analysis of Variance 

df 

Regression 4 

Residual 147 

Total 151 

Coefficients 

Intercept 2.146987 
PERCLOSE 1.045374 
MNALPHA -0.8835 
MNTIIETA 0.306236 
MNSQHRT 0.167559 

Sum of Mean F 
Squares Square 

97.95047 24.48762 67.85507 

53.04953 0.360881 

151 

Standard t Statistic P-value 
Error 

0.058595 36.64113 4.93E-77 

0.077232 13.5355 7.75E-28 

0.081922 -10.7846 1.83E-20 

0.082787 3.6991 0.000302 

0.055532 3.017341 0.002994 
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Significance F 

1.98E-32 

Lower 95% Upper 95% 

2.03119 2.262784 

0.892745 1.198002 

-1.0454 -0.7216 

0.142631 0.469842 

0.057815 0.277303 



TabJe66 

Global Drowsiness Detection Variable - Baselined Data 

Reduced Set of Measures - Relative Weighting 

Regression Statistics 

Multiple R 0.814009 

R Square 0.66261 
Adjusted R 0.653429 
Square 
Standard 0.588703 
Error 
Observations 152 

Analysis of Variance 
df 

Regression 4 

Residual 147 

Total 151 

Coefficients 

Intercept 2.127565 
PERCLOSE 0.862511 
MNALPHA -0.58323 
MNTIlETA 0.321845 
MNBETA -0.29266 

Sumo! Mean F 
Squares Square 

100.0541 25.01352 72.17435 

50.94591 0.346571 

151 

Standard t Statistic P-value 
Error 

0.056516 37.64558 1.24E-78 
0.074882 11.51832 1.99E-22 
0.098423 -5.9257 2.03E-08 

0.08132 3.957742 0.000116 
0.074217 -3.94336 0.000123 
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Significance F 

1.03E-33 

Lower 95% Upper 95% 

2.015877 2.239254 

0.714527 1.010494 
-0.77773 -0.38872 
0.161137 0.482552 

-0.43933 -0.14599 



Table 67 

Global Drowsiness Detection Variable - Baselined Data 

Reduced Set of Measures - Relative Weighting 

Regression Statistics 

Multiple R 0.821551 

R Square 0.674946 

Adjusted R 0.663814 
Square 
Standard 0.579816 
Error 
Observations 152 

Analysis of Variance 
df Sum of Mean F 

S~uares S9.uare 

Regression 5 101.9168 20.38336 60.63114 

Residual 146 49.0832 0.336186 

Total 151 151 

Coefficients Standard t Statistic P-value 
Error 

Intercept 2.151302 0.056569 38.02996 3.09E-79 
PERCLOSE 0.939449 0.08067 11.64561 9.06E-23 
MNALPHA -0.66039 0.10233 -6.45351 1.4E-09 
MNTIlETA 0.345228 0.080706 4.277585 3. 34E-05 
MNSQHRT 0.128913 0.054767 2.353869 0.019867 
MNBETA -0.25655 0.07469 -3.43482 0.000766 
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Significance F 

6.36E-34 

Lower 95% Upper 95% 

2.039503 2.263101 

0.780018 1.098881 

-0.86263 -0.45815 

0.185725 0.504732 

0.020676 0.237151 

-0.40416 -0.10893 
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subject, and so on. In total, 152 observations are shown, that is, 19 observations per 

subject times 8 subjects. 

Discussion of Regression Analyses 

The earlier regression results are best understood by studying Table 55. This table 

shows the value of R and the number of terms for both non-baselined and baselined data. 

The "averages" column shows that the use of all significant terms results in nearly equal R 

values for both non-baselined and baselined data (R = 0.77 in each case). However, the 

baselining method used an average of 5.0 independent variables to achieve the regression 

model while the non-baselining method used 7.8 independent variables. This suggests that 

the baselining method can produce similar values of R with fewer independent variables 

and is, therefore, more efficient than the non-baselining method. 

When altern pts are made to reduce the number of terms in the regression model 

while retaining nearly the same value of R as the full model, non-baselined data show 

greater vulnerability. For example, using an average of 4.6 terms in the reduced models, 

the non-baselined R value is 0.71 while the baselined R value is 0.74. These results 

suggest that the baselining method provides small improvements in the models and is, 

therefore, an advantageous procedure. Accordingly, emphasis was placed on baselined 

regression in the subsequent analyses. 

Tables 50 through 53, as summarized in Table 55, show that there is substantial 

variation in the quality of fit of the model as a function of the performance measure being 

predicted (R = 0.51 to R = 0.84). The two variables associated with the letter task 

(RTL TCOR and SUML TERR) are more easily predicted than those associated with the 

math task (RTMTHCOR and SUMTHERR). Reasons for this difference are unclear, 

however, the letter task was considered to be much easier than the math task. Therefore, 

errors may have been made in the math task that were not drowsiness related. If so, 
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drowsiness related independent variables would not have been able to predict performance 

as accurately. 

When an attempt is made to predict the combined global measure of performance, 

the prediction becomes better as shown by the R of 0.85 using only 5 independent 

variables (Table 54). This is believed to be an excellent fit, considering the variability of 

the data. The table shows that a measure of eye closure, two measures of EEG and two 

measures of heart rate are sufficient to provide a good predictor of overall task 

performance. 

While the coefficients given in Table 54 (as well as those given in tables for 

individual performance measures in Tables 50 through 53) provide the predictor equation, 

the coefficients do not permit an evaluation of the relative weighting of each measure's 

contribution to the prediction equation. To evaluate the relative contribution, regressions 

were run on the data after each measure had been divided by its own standard deviation. 

Tables 56 through 60 show the results of these regression analyses. 

It should be noted that the measures were not \I standardized", because doing so 

would have removed the baselining effect that was considered to be an important asset. 

Furthermore, with the procedure that was used, exactly the same R and individual p

values were preserved under the transformation of the data. Thus, dividing each 

independent measure by its own standard deviation provided the desired transformation of 

data and the desired information in the regression analyses. 

The results in Tables 56 through 60 show that MNHRT and MNSQHRT provide 

large offsetting contributions to the model. This is a source of concern, in that the two 

variables may be closely related to one another. As a result, the regression analyses may 

be sensitive to an unreproducible artifact. To avoid this possibility, the regressions were 

rerun removing one and then the other of the two heart related measures. The results of 
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these analyses are displayed in Tables 61 through 65. These regression models, of course, 

result in a reduction of the value of R, since an independent measure contributing 

significantly to the regression equation is being removed. The tables show the "best" 

results of these manipulations. In Tables 63 and 64, removal of either heart related 

measure caused the remaining measure to become non-significant. Thus, as displayed in 

the tables, both heart-related measures had to be eliminated. 

The results shown in Tables 61 through 65 indicate that the value of R has been 

reduced by an average of 0.039, a small but acceptable amount. Nevertheless, it would be 

desirable to retrieve as much of this loss in R as possible. Therefore, working with the 

global measure only (Table 65), attempts were made to reintroduce candidate independent 

variables in an effort to regain some of the loss in the R value. The results of these 

attempts are shown in Tables 66 and 67. As can be seen in Table 66, MNBETA has 

replaced MNSQHRT and provided an increase of 0.009 in the R value. Table 67, on the 

other hand, includes both MNBET A and MNSQHRT in the model and provides an 

improvement of 0.017 in the R value. Use of this second regression model does, however, 

require relaxing the criterion for significance slightly to 0; = 0.02, since the p-value of the 

MNSQHRTcontribution is 0.019867. 

The objective of this research has been to provide a "definition" of drowsiness, using 

candidate measures that the research literature suggests should be sensitive indicators of 

drowsiness. The regression analyses performed in this section represent an attempt to 

relate these candidate drowsiness indicators to measurable task performance indicators. 

Thus, the independent measures and the ways these measures are combined in the 

regression analyses are in fact candidate IIdefmitions" of drowsiness. 

Four measures of performance were studied, both individually and in a combined 

fashion, that is, as the so-called global measure. Final results appear in Tables 61 through 
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67. These results show that with as many as five and as few as two independent variables, 

it is possible to get a relatively large value of R. The independent variables are not 

difficult to obtain, and are limited to eye closure, simple EEG and simple heart rate 

measures. Thus, all measures can be obtained without overly encumbering subjects with 

electrodes in experiments. 

Since it is not known which performance variable is most likely to represent driving, 

the global measure should probably be used for defmitional purposes. This suggests that 

Tables 65, 66 and 67 should be relied upon most for development of a defmition. Notice 

that in all three cases, PERCLOSE has the highest weighting, it stands alone, and it is not 

offset by another eye closure measure. This fmding is in agreement with previous research 

(ElWin, 1976, Skipper et al., 1984, Dingus et al., 1985 and Hardee et al., 1985) indicating 

that slow eye closure is a good operational indicator of drowsiness. 

The combinations of EEG measures are the next most heavily weighted variables 

when considered as a group. Note that in all three tables, the signs of the contributions 

vary, but the algebraic sum of the coefficients is about -0.55 to -0.57 suggesting moderate 

weighting of the EEG measures. Finally, where MNSQHRT appears, the contribution is 

somewhat smaller, 0.17 in one case and 0.13 in the other. These results suggest a rational 

weighting of eye closure, EEG, and heart related measures. 

Figure 12 provides a graphical interpretation of the regression results shown in Table 

67. The graphical results associated with Tables 65 and 66 do not differ appreciably from 

those shown in Figure 12. By way of explanation and as previously mentioned, the frrst 

19 observations are associated with Subject 1, the next 19 observations are associated 

with Subject 2, and so on. While differences do exist, it can be seen that the predicted 

values outputted from the regression do track the actual values of the global measure. 

Note in particular that the peaks in the global measure are being tracked. These peaks 
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correspond to the larger lapses in perfonnance and are prime face evidence of drowsiness. 

The fact that the predictor equations track these peaks is an indication that the regression 

equation is indeed drowsiness-sensitive. 
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CHAPTER 3 

SUMMARY and CONCLUSIONS 

This thesis project consists of two separate but related studies. The results of the 

fIrst study entitled Preliminary Experiment on Subjective Evaluation of Driver Drowsiness 

were used in the second study entitled Drowsiness Definitional Experiment 

PRELIMINARY EXPERIMENT ON SUBJECTIVE EV ALUATION OF DRIVER 

DROWSINESS 

The frrst experiment consisted of determining the accuracy and consistency of raters 

when rating the level of drowsiness of another individual. Six behaviorally trained raters 

viewed and rated archival videotapes of drowsy drivers. These raters received a 

"drowsiness defmition" statement and a rating scale with which to record the ratings. 

Ratings were performed on 48 segments of drivers in various stages of drowsiness. The 

segments were presented in two sessions separated by a time interval of one week. 

This experiment considered test-retest reliability, interrater reliability and intrarater 

reliability. The correlation for test-retest reliability was 0.81, the correlation for interrater 

reliability was 0.88, and the average correlation value for pairs of raters was 0.81. The 

results of the experiment showed that raters are relatively consistent when rating the level 

of drowsiness. In other words, raters tend to agree on the level of drowsiness of an 

individual. Evaluation of drowsiness can thus be accomplished consistently by a rating 

process. 

DROWSINESS DEFINITIONAL EXPERIMENT 

Researchers have struggled with obtaining an "accurate" operational defmition of 

drowsiness. Drowsiness is diffIcult to defIne because it may involve many different 

indicators such as different physiological measures. Previous research (Erwin, 1976; 
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Skipper, WieIWille and Hardee, 1984; Dingus, Hardee and Wierwille, 1985; Hardee, 

Dingus and WieIWille, 1985) had shown that slow eyelid closure is a reliable indicator of 

drowsiness and associated task perfonnance degradation. A person simply can not 

perfonn effectively while the eyes are closed for prolonged periods. Therefore, significant 

eye closures both indicate and contribute to perfonnance impainnent. Slow eyelid closure 

is considered to be a major component in the operational definition of drowsiness. 

However, the slow eyelid closure measure may not detect all cases of drowsiness. 

In other words, it is possible for a person to become drowsy or impaired without 

exhibiting slow eyelid closures. Therefore, it is necessary to detennine if other 

physiological measures used in conjunction with slow eyelid closures would enhance the 

definition of drowsiness. The present study was carried out to obtain an operational 

definition of drowsiness that reflects physiological changes nonnally associated with 

drowsiness or fatigue as well as decrements in perfonnance. 

Eight sleep deprived subjects perfonned two interleaved tasks, one being a lower 

level cognitive task (simple detection task), the other being a higher level cognitive task 

(mental arithmetic). By exposing the subjects to these two tasks, it was possible to 

detennine perfonnance decrements in both lower-level functions as well as in higher-level 

functions. All subjects had been awake for at least 17 hours before the experiment began. 

The Virginia Tech driving simulator was used for the experiment, however, the 

subjects in the experiment did not drive. Instead, the subjects viewed the simulator display 

and perfonned the two tasks which were presented on the display. Pushbuttons on the 

steering wheel were used by the subjects to respond to the two tasks. 

The detection task consisted of a group of random-letter characters being displayed 

on the screen. If the subject detected one of the two target characters, the subject pressed 

the "yes" pushbutton on the steering wheel. If none of the target letters was present in the 

field, the subject pressed the Uno" pushbutton. 
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For the arithmetic task, each problem had a numerical integer for an answer. The 

subject pressed the "even" pushbutton if the answer to the problem was even and pressed 

the "odd" pushbutton if the answer to the problem was odd. 

Twenty-one performance and behavioral measures were collected and analyzed for 

this research study. Sixteen of these measures were used to predict the degree of 

performance impairment These predictors of impairment were measures of eyelid 

closures, measures of subjective ratings, measures of observer ratings, and measures of 

task performance. As previously mentioned, several studies have shown eyelid closures to 

predict drowsiness onset (Erwin, 1976; Skipper et aI., 1984; Dingus et al., 1985; Hardee 

et al., 1985). In addition, several studies have shown subjective ratings to be good 

predictors of drowsiness onset (Ogilvie, Wilkinson and Allison, 1989; Yoshitake, 1971; 

Yoshitake, 1978; Rosa, Wheeler, Warm and Colligan, 1985). Finally, two studies 

(Carroll, Bliwise and Dement, 1989; Wierwille and Ellsworth, 1992) showed observer 

ratings to be reliable indicators of drowsiness. 

Eight of the twenty-one measures collected were evaluated for reliability of 

performance impairment detection. These detectors of impairment were measures of heart 

rate, eyelid closures, EOG, EEG, EMG, skin potential, subjective ratings, and observer 

ratings. Note, three of the twenty-one measures (eyelid closures, subjective ratings and 

observer ratings) were evaluated as both predictors of impairment and detectors of 

impairment. 

Two types of analyses were performed on the data collected in this study. The 

purpose of the fust type (correlation analysis) was to determine which of the measures 

could reliably detect performance impairment. The purpose of the second type of analysis 

(multiple regression analysis) was to determine linear combinations of the impairment 

detection measures that would best predict impairment resulting from drowsiness. 

The results of the above analyses indicated that performance impairment due to 

drowsiness could be reliably detected with linear combinations of the detection measures. 
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Regression models for the global performance measure showed multiple correlation values 

(R) ranging from 0.76 to 0.86 depending on the data used (non-baselined data or baselined 

data) and the variables used (all significant measures or a reduced set of significant 

measures). 

The global performance measure reflected the other four performance measures 

(response time to correct letter task, response time to correct math task, sum of letter 

errors, and sum of math errors) used in the study and allowed the development of an 

overall linear regression model to predict drowsiness. Non-baselined data were those data 

that made no distinction as to the subject number and did not account for individual 

differences in such variables as heart rate, EEG amplitude, EMG amplitude, and skin 

potential. Baselined data were those data that accounted for the individual differences in 

the variables. 

The results also indicate that using fewer variables in the regression models does 

cause a decrease in the multiple correlation value (R), however, the decrease is not 

substantial. Furthermore, the results suggest that using baselined data is a more efficient 

method than using non-baselined data, because baseliniog can produce similar values of R 

with fewer independent variables. Also, the baselining method provides small 

improvements in R when the same number of independent variables are used. 

The results also show that a good defmition of drowsiness can be obtained using 

eyelid closure measures, simple EEG measures, and simple heart rate measures. In 

addition, the eyelid closure measure PERCLOSE has the highest weighting in the 

regression model. The PERCLOSE measure stands alone (no other eyelid closure 

measure is used in the model). This fmding is in agreement with previous research (Erwin, 

1976, Skipper et al., 1984, Dingus et al., 1985 and Hardee et al., 1985) indicating that 

slow eye closure is a good operational indicator of drowsiness. The combinations of EEG 

measures are the next most heavily weighted variables when considered as a group. 

Finally, where MNSQHRT (mean square heart rate) appears in the regression models, the 

168 



contribution is somewhat smaller. These measures can be obtained without overly 

encumbering subjects with electrodes in experiments. The final regression equation 

recommended for use in further studies to predict performance impainnent due to 

drowsiness is: 

Y = 6.91500. + 18.45722 PERCLOSE + - 0.01569 MNALPHA + 0.020173 

MNTHETA + - 0.00549 MNBETA + 0.000698 MNSQHRT 

The results of this thesis give one solution to predicting performance impainnent due 

to drowsiness. A more refined operational defInition of drowsiness resulted from the 

outcome of the research. However, the research does not necessarily solve the continuing 

problem of defIDing an operational defInition of drowsiness. Therefore, experimenters are 

encouraged to continually gain more knowledge about the operational defmition of 

drowsiness. 
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Segment # _____ _ 

Not 
Drowsy 

Slightly 
Drowsy 

Segment # _____ _ 

Not 
Drowsy 

Slightly 
Drowsy 

Segment # _____ _ 

Not 
Drowsy 

Slightly 
Drowsy 

Segment # _____ _ 

Not 
Drowsy 

Slightly 
Drowsy 

Moderately 
Drowsy 

Moderately 
Drowsy 

Moderately 
Drowsy 

Moderately 
Drowsy 
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Counter # _____ _ 

Very 
Drowsy 

Extremely 
Drowsy 

Counter # _____ _ 

Very 
Drowsy 

Extremely 
Drowsy 

Counter # _____ _ 

Very 
Drowsy 

Extremely 
Drowsy 

Counter # _____ _ 

Very 
Drowsy 

Extremely 
Drowsy 
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DRIVER ALERTNESSIDROWSINESS RATING STUDY 

INSTRUCTIONS GIVEN TO SUBJECT 

PRIOR TO OBTAINING INFORMED CONSENT 

The purpose of this experiment is to determine how well individuals are able to rate 

the level of alertness/drowsiness of drivers using videotaped images of the drivers' faces. 

You are being asked to serve as a rater in two separate sessions, each containing twenty

four videotaped segments. You will provide a rating for each segment. The two sessions 

will be about one week apart and each will last one hour or slightly less. 

This study is being conducted by the Vehicle Analysis and Simulation Laboratory, 

Department of Industrial and Systems Engineering, Virginia Polytechnic Institute and 

State University, Blacksburg, Virginia, telephone number: (703) 231-9084. The research 

team will include Lynne Ellsworth and Steve Wreggit, graduate students in Industdal and 

Systems Engineering. The team also includes Dr. WalterW. Wierwille, P. T. Norton 

Professor in Industrial and Systems Engineering. 

If you decide to participate, you will be given a "Description of Drowsiness 

Continuum" sheet to help you make each rating. You will read this sheet carefully before 

beginning and will keep it nearby as you perform your ratings. You will then be able to 

refer to the sheet between rating segments, should you need to do so. 

You will also be given 24 individual rating slips, one for each videotaped segment. 

The rating scale is anchored on the left with "Not Drowsy" and on the right with 

"Extremely Drowsy." Three more descriptors are dispersed along the scale: "Slightly 

Drowsy," "Moderately Drowsy," and "Very Drowsy." HOWEVER, when you are rating 

a driver's degree of drowsiness you ARE NOT OBLIGATED to rate at one of the 

descriptors. The rating scale should be considered as a continuum. Therefore, to rate a 
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driver, simply draw a vertical line across the continuous horizontal scale wherever you 

think it should be. 

When the experimental session begins, you will begin viewing the frrst videotaped 

image. A short time after the videotaped image appears, a recorded voice will tell you to 

begin your evaluation and will tell you the segment number. For example, at the beginning 

of Segment 1 you will hear, "Begin, Segment 1." This command informs you that the 

evaluation period has begun. Once you hear the "Begin" command you should carefully 

observe the videotaped driver until a second voice command, ItEnd, Segment I" is given 

informing you that the evaluation period is over and that you are then to provide a rating 

on the scale provided. You may observe the beginning of the videotaped image prior to 

the "Begin, Segment _II command. However, your rating should be based only on the 

interval between the "Begin" and "End" commands. 

Segment 1 is for practice and warm-up. The remaining segments (2 through 24) are 

for data gathering purposes. 

As indicated, the two sessions will be quite similar to one another. So, when you 

return for the second session, you will know the routine. 

If during the study you feel that you cannot continue for any reason, you have the 

right to terminate your participation; you will be paid for your participation up to that 

time. This includes the right to withdraw at any time after you have read and signed the 

attached informed consent form. (You should be aware that your data cannot be used for 

analysis unless you complete both sessions.) 

In order not to bias any of the results of this experiment, please do not discuss this 

experiment with others who may be participating. Your job will be to rate the drowsiness 

of each segment as accurately as you can. Please try to avoid allowing any outside events 

to influence your ratings. 
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P ARTICIP ANTtS INFORMED CONSENT 

1. You are being asked to be a subject in a research project whose purpose and 
description are contained in the document entitled "Driver AlertnesslDrowsiness 
Rating Study, 1\ which you have already read. 

2. There are no known risks to which you will be exposed in this experiment. 

There are no known discomforts to which you will be exposed in this experiment. 

3. The data gathered in this experiment will be treated with anonymity. Shortly after you 
have participated, your name will be separated from your data. 

4. While there are no direct benefits to you from this research (other than payment), you 
may find the experiment interesting. Your participation, along with that of other 
volunteers, should make it possible to improve the ability to detect drowsiness in 
drivers. 

5. You should not volunteer for participation in this research if you are under 18 years of 
age. 

6. You should know that the principal investigator of the research project and his 
associates will answer any questions that you may have about this project, and you 
should not sign this consent form until you are satisfied that you understand all of the 
previous descriptions and conditions. 

You should further be aware that you may contact Dr. Ernest Stout, Chairman of the 
University's Institutional Review Board, if you have questions or concerns about this 
experiment. His phone number is (703) 231-9359. 

7. You should know that at any time you are free to withdraw from participation in this 
research program without penalty. 

8. You will be paid at a rate of $5.00 per hour for the time you actually spend, or $5.00 
per completed session, whichever is greater. Payment will be made shortly after you 
have fmished your participation. 

181 



9. Signature of the volunteer and date: 

I have read and understand the scope of this research project and I have no other 
questions. I hereby give my consent to participate, but I understand that I may stop 
participation if I choose to do so. 

Signature _____________ _ 

Date ______________ _ 
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Description of Drowsiness Continuum 

A person who is not drowsy while driving will exhibit behaviors such that 

appearance of alertness will be present. For example, normal facial tone, normal fast eye 

blinks, and short ordinary glances may be observed. Occasional body movements or 

gestures may occur. 

As an individual becomes drowsy, various behaviors may be exhibited. These 

behaviors, called mannerisms, may include rubbing the face or eyes, scratching, facial 

contortions, and moving restlessly in the seat, among others. These actions can be 

thought of as countermeasures to drowsiness. They occur during the intermediate stages 

of drowsiness. 

Not all individuals exhibit mannerisms during intermediate stages. Some individuals 

appear more subdued, they may have slower eyelid closures, their facial tone may 

decrease, they may have a glassy-eyed appearance, and they may stare at a fixed position. 

As an individual becomes very drowsy eyelid closures of say 2 to 3 seconds or 

longer usually occur. This is often accompanied by a rolling upward or a sideways 

movement of the eyes themselves. The individual may also appear not to be focusing the 

eyes properly, or may exhibit a cross-eyed (lack of proper vergence) look. Facial tone will 

probably have decreased. Very drowsy drivers may also exhibit a lack of apparent activity 

and there may be large isolated (or punctuating) movements, such as providing a large 

correction to steering or reorienting the head from a leaning or tilting position. 

Drivers who are extremely drowsy are falling asleep and usually exhibit prolonged 

eyelid closures (4 seconds or more) and similar prolonged periods of lack of activity. 

There may be large punctuated movements as they transition in and out of intervals of 

dozing. 

Please try to rate each videotape segment you will be viewing by taking into account 

this description of the drowsiness continuum. However, if you feel that the above 

description overlooks something of importance or does not properly describe what you 

are viewing, then supplement the description with your own best judgment in making your 

rating. 
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PROSPECTIVE PARTICIPA~T'S QUESTIONNAIRE 

1. Do you ORDINARll.. Y WEAR GLASSES OR CONTACT LENSES? 

GLASSES 
CONTACTS 

2" What are your usual sleeping hours? 

Retire 
Time --"--

AM 
PM 

Yes No 
Yes No 

Awake 
Tune --"--

3. On the average. what is your depth of sleep? 

PM 

Restless Light Moderate Deep Very Deep 

4. If you drive. please answer this question: 

How often have you had trouble staying awake while driving? 

moderately 
never 

almost 
never occasionally often often 

5. Other activities: 

A. Do you normally fall asleep during 
the day? 

B. How often do you fall asleep 
watching TV? 

c. How often do you fall asleep 
reading? 

D. Do you fall asleep after lunch? 

E. Do you fall asleep after dinner? 

F. How oftem do you take naps? 

!'t 
E 
v 
E 
R 

--
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A 0 
L C 
M C 
0 A 
S S 
T I 

0 
!'oj s 
E A 
v L 
E L 
R Y 

--

M 
0 
0 
E 
R 
A 
T 
E 
L 
y 

0 
F 
T 
E 
S' 

v 
E 
R 
y 

0 
F 
T 
E 
N 



6. How many cups of coffee do you drink per day? 

_____ cups per day 

7. How many caffinated softdrinks (Coke, Diet Coke, Dr. Pepper, Pepsi, etc.) do you 
drink per day? 

_______ bottles, cans, and drinks (10 to 16 oz) per day 
(please give total of above) 

8. If you are a cigarette smoker, how many cigarettes or packs do you smoke per day? 

cigarettes per day 

or 

packs per day 

9. If you use other smoking materials (pipe, cigar, or other), please describe what you 
smoke and how often. 

Type: _____________ __ 

How often: ____________ _ 

10. When do you ordinarily eat supper? 

AM 
__ . __ PM 

11. If you snack at night, please describe what you eat and when. 

What you eat: ________________________ _ 

When: _______________________________ __ 
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Introduction to the Study 

The purpose of this research is to investigate the relationship between human 

performance and physiological measurements after a period of partial sleep deprivation. 

The study is being conducted at the Vehicle Analysis and Simulation Laboratory, 

Department of Industrial and Systems Engineering, Virginia Polytechnic Institute and 

State University, Blacksburg. The research team consists of Lynne Ellsworth, Steven 

Wreggit, and (third student to be filled in) who are graduate students in the Department 

and Dr. Walter W. Wierwille, Principal Investigator and Paul T. Norton Professor in the 

Department. 

Your task for this study will be to sit in a driving simulator and perform simple 

search tasks and arithmetic tasks as they appear on a TV screen. You will provide 

responses to the task problems by means of two pushbuttons mounted on the steering 

wheel pad. The simulator itself will not be operated (except for the TV screen on which 

the problems are presented and the push buttons with which you will provide your 

responses. ) 

If you decide to participate in this study, you must awake at 7 AM or before and go 

through your normal daytime activities without resting or napping. Then, at about 6 PM, 

a member of the experimental team will pick you up at your residence. This team member 

will buy you dinner at a fast-food restaurant. You may eat whatever you like, but you will 

not be permitted to drink caffinated or sugared beverages, such as coffee or coke. If you 

are a smoker, you will be permitted to smoke after dinner, but not thereafter. You will 

then be taken to the laboratory where you will be allowed to read, study, watch TV 

(which will be provided), or listen to your own personal headset stereo. You will not be 

permitted to eat, smoke, or drink coffee or regular soft drinks, since these may affect the 

outcome of the experiment (You will be permitted to drink water or non-caffinated, diet 
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soft drinks.) You will remain awake throughout the evening. A member of the research 

team will remain with you during all of this time and will prevent you from napping. 

Shortly after midnight the experimental session will begin. It will last about three 

hours. The experimenter who remained with you will be replaced by two fresh 

experimenters. You will participate in a practice session that will last about 10 minutes. 

After that, the physiological monitoring equipment will be fitted to you and the data 

gathering will begin. 

Physiological monitoring for the experiment involves placing surface electrodes on 

your face, your forearm, and the back of your head. The electrodes will be attached by 

means of adhesive pads (similar to round band-aids), with a small bit of "jell-like" material 

in the center. Two electrodes will be attached to the back of your head. They will be held 

in place by adhesive pads, but will be supplemented by a headband (similar to an athletic 

headband) to hold them in place. This headband will be fitted in the normal manner, that 

is, from the back of the head, over the ears, and around the forehead. 

In addition to the electrodes, a small non-electrode sensor will be placed on the 

outside of your ear, and will be used to sense your pulse rate. 

Once the physiological monitoring equipment is fitted to you, it will be checked and 

adjusted if necessary. After that, the room lights will be dimmed and you will perform the 

tasks appearing on the screen. If you should doze off, one of the experimenters will 

awaken you and ask you to continue. If possible, we would like for you to complete the 

entire data gathering experiment, which will take about 2 1/2 hours. 

After completion of the experiment, the equipment will be removed from you, you 

will leave the simulator, and you will be asked to wash your face thoroughly, particularly 

where the electrodes were placed. You will then be paid, your questions answered, and 

then you will be driven home and told to sleep. If you participate in this experiment you 
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must agree to let one of the experimenters drive you home, since they will be conditioned 

to being awake in the early morning hours. 

Payment in the experiment will be $5 per hour between 6 PM and midnight, and $8 

per hour between midnight and 3 AM. If you complete the experiment, you will thus 

receive $54. If you decide to withdraw during the experiment or simply cannot continue 

for whatever reason, you will be paid for the time actually spent, using the $5 rate for time 

before midnight and the $8 rate for time after midnight. 

Once you are seated in the simulator, you must not attempt to leave the simulator 

until you have given the experimenters a chance to disconnect the physiological 

monitoring equipment from you and guide you in exiting. You must let the experimenters 

know if you must terminate the experiment and give them an opportunity to disconnect 

and guide you. 

Initially, we will ask you to take a simple vision test and fill out a brief questionnaire 

on your normal sleeping/waking patterns and your normal eating/drinking/smoking (if any) 

patterns. If you qualify, we will then schedule you for the experiment. 

There are some minor risks and discomforts to which you will be exposed in this 

experiment They are outlined in the attached informed consent form, which you should 

read carefully. 
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Participant's Informed Consent 

1. You are being asked to volunteer to be a subject in a research project whose purpose 
and description are contained in the document Introduction to the Study, which you 
have already read. 

2. There are some minor risks and discomforts to which you expose yourself in 
volunteering for this research. The risks are: 

a. The risk of possible irritation to your skin where the electrodes are adhesively 
attached. Such irritation might be caused by the adhesive, by the conductive gel, 
or by the process of removal. Irritation can be minimized by careful washing 
immediately following participation. 

b. The risk of possible interference with your next day's activities caused by less than 
a full night's sleep. This risk can be minimized by sleeping longer than usual in the 
morning following your participation. 

c. The risk of injury if you attempt to leave the simulator without the help of the 
investigators. Please inform one of the investigators if you feel that you must leave 
the simulator. Monitoring equipment will be removed and you will then be guided 
out of the simulator. 

The discomforts are: 

The possible discomfort associated with wearing the electrodes and ear sensor. They 
may cause some itching or sensations of having something sticking on your skin. 

The possible discomfort associated with trying to perform tasks while tired or drowsy. 

The possible discomfort associated with sitting in one seat for a long period of time. 

3. The data gathered in this experiment will be treated with anonymity. Shortly after you 
have participated, your name will be separated from your data. Videotapes will be 
kept in a locked room and will be erased when no longer needed. 

4. While there are no direct benefits to you from this research (other than payment), you 
may find the experiment interesting. Your participation and that of other volunteers 
should make it possible to better understand the effects of mild sleep deprivation on 
performance. 

5. You should not volunteer for participation in this experiment if you are under 18 years 
old, if you are pregnant, if you are not in good health, or if you have any other 
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condition which would adversely affect you by staying up until approximately 3:15 
AM. 

6. You should know that the principle investigator of the research project and the 
research team will answer any questions you may have about your participation, and 
you should not sign this consent fonn until you are satisfied that you understand all of 
the previous descriptions and conditions. 

You should further be aware that you may contact Dr. Janet M. Johnson, Chairman of 
the University's Institutional Review Board, if you have questions or concerns about 
this experiment. Her phone numbers are 231-6077 and 231-6168. 

7. You should know that at any time you are free to withdraw from participation in this 
research program without penalty. 

8. You will be paid at a rate of $5.00 per hour before midnight and $8.00 per hour 
thereafter. If you complete your participation, you will be paid $54.00. Payment will 
be made shortly after you have fmished your participation. 

9. You agree to allow one of the experimenters to drive you home following the 
experiment 

10. Signature of the volunteer and date. 

I have read and understand the scope of this research and I have no other questions. I 
hereby give my consent to participate, but I understand that I may stop participation if 
I choose to do so. 

Signature ________________ _ 

Date ________ _ 
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Table 8·1 

ONE MINUTE CORRELATIONS FOR SUBJECf 1 
(N=118) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 ----
AVECLOSE 0.8635 1.0000 ----
EYEMEAS 0.9482 0.9753 1.0000 
AVEOBS 0.7466 0.9318 0.8840 

MNSUBRAT 0.6915 0.8747 0.8326 
SUMTHERR 0.5185 0.4099 0.4660 
SUMLTERR 0.6150 0.4723 0.5358 
RTMTHCOR 0.6269 0.4931 0.5631 
RlLTCOR 0.7374 0.5704 0.6506 
MNALPHA 0.4508 0.6526 0.5936 
MNBETA -0.2095 

MNTHETA 0.8700 0.7646 0.8320 
ABRATIO 0.6309 0.7807 0.7462 
TBRATIO 0.8672 0.7214 0.8036 

ATBRATIO 0.8397 0.8578 0.8787 
MNEMG -0.4383 -0.2553 -0.3538 
THREOG 0.2043 

NUMRLBLK -0.7007 -0.6051 -0.6679 
MNHRT -0.7498 -0.6618 -0.7334 

MNSQHRT -0.7337 ~0.6507 -0.7207 
VARHRT -0.2037 
SKINPOT 0.3892 0.2579 0.3466 

AVEOBS MNSUBRAT SUMTHERR SUMLTERR RTMTHCOR RlLTCOR 

• 

----

1.0000 ----
0.9081 1.0000 ----

0.3408 0.3074 1.0000 ...... _-
0.3765 0.3859 0.3553 1.0000 ----
0.4305 0.4030 0.8990 0.3630 1.0000 ----
0.4577 0.4670 0.3810 0.9406 0.4306 1.0000 
0.6986 0.6869 

-0.2896 -0.3230 -0.3845 
0.6730 0.6573 0.5551 0.5644 0.6127 0.6441 I 

0.8003 0.7753 0.2874 
0.6167 0.5973 0.5659 0.5975 0.6540 0.6965 
0.8160 0.7905 0.3490 0.4229 0.4573 0.5379 

• 

• 

0.3082 0.2926 
· 

-0.5871 -0.5334 -0.3227 -0.4591 -0.3883 -0.5655 
-0.5400 -0.5457 -0.3920 -0.5050 -0.4774 -0.6505 

· 

-0.5296 -0.5365 -0.3806 -0.4849 ·0.4621 -0.6284 

0.2715 0.2670 0.3699 
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TableH-2 

ONE MINUTE CORRELATIONS FOR SUBJECT 2 
(N=118) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 ----
AVECLOSE 0.7785 1.0000 ... --
EYEMEAS 0.8656 0.9798 1.0000 
AVEOBS 0.7662 0.8930 0.9120 

MNSUBRAT 0.6029 0.7377 0.7512 
SUMTIffiRR 
SUMLTERR 0.5181 0.4090 0.4659 
RTMTHCOR 

RTLTCOR 0.6774 0.5239 0.5948 
MNALPHA 0.3907 0.6188 0.6020 
MNBETA -0.6283 -0.5350 -0.5776 

MNTHETA 0.6926 0.7288 0.7835 
ABRATIO 0.6544 0.8199 0.8260 
TBRATIO 0.8034 0.7698 0.8346 

ATBRATIO 0.7441 0.8646 0.8879 
MNEMG -0.4599 -0.4718 -0.4936 
lHREOG -0.4765 -0.6879 -0.6667 

NUMRLBLK -0.7645 -0.9048 -0.9196 
MNHRT -0.7092 -0.7186 -0.7602 

MNSQHRT -0.6964 -0.7128 -0.7517 
VARHRT 
SKIN POT_ ~_0.4059 0.5427 0.5406 

AVEOBS MNSUBRAT SUMTHERR SUMLTERR RTMlHCOR RTLTCOR 

.... 
1.0000 ----
0.8974 1.0000 .... 

1.0000 _.--
0.4190 0.3244 1.0000 ----

0.8262 1.0000 _.-. 
0.5466 0.4122 0.8314 1.0000 
0.5930 0.5539 
-0.5268 -0.4112 -0.4324 -0.3088 -0.5360 
0.7627 0.6727 0.4081 0.2569 0.5067 
0.7962 0.7060 0.3345 0.4163 
0.7944 0.6700 0.5102 0.3423 0.6316 
0.8530 0.7466 0.4089 0.5078 
-0.3722 -0.2682 -0.3128 -0.3209 
-0.6156 -0.5007 -0.2611 
-0.9106 -0.7785 -0.3824 -0.5054 
-0.6819 -0.6023 -0.3508 -0.4813 
-0.6659 -0.5881 -0.3438 -0.4662 

0.7267 0.8604 0.2705 
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Table 8-3 

ONE MINUTE CORRELATIONS FOR SUBJECf 3 
(N=118) 

PERC LOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 _ ... 
AVECLOSE 0.8863 1.0000 --_. 
EYEMEAS 0.9650 0.9727 1.0000 
AVEOBS 0.8033 0.9700 0.9153 

MNSUBRAT 0.7644 0.9057 0.8646 
SUMTHERR 
SUMLTERR 
RTMTHCOR 
R1LTCOR 0.3204 0.3197 0.3353 
MNALPHA 0.7968 0.8358 0.8407 
MNBETA 0.2851 0.3698 0.3423 

MNTHETA 0.5428 0.6286 0.6076 
ABRATIO 0.5859 0.5200 0.5658 
TBRATIO 0.4407 0.4886 0.4815 

ATBRATIO 0.5775 0.5594 0.5846 
MNEMG 
THREOG 0.4991 0.3892 

NUMRLBLK -0.3750 
MNHRT -0.7352 -0.8091 -0.8007 

MNSQHRT -0.7388 -0.8146 -0.8055 
VARHRT 
SKINPOT -0.4919 -0.7734 -0.6423 

AVEOBS MNSUBRAT SUMTHERR SUMLTERR RTMTHCOR R1LTCOR 

----
1.0000 ----
0.9341 1.0000 .... 

1.0000 .... 
1.0000 .... 

0.2624 0.8728 1.0000 .... 
0.3159 0.3386 0.4251 1.0000 
0.8251 0.8175 0.2707 0.2950 
0.4191 0.4457 
0.6268 0.6211 0.3584 
0.4445 0.3861 
0.4571 0.4154 0.2993 
0.4971 0.4407 

0.5651 0.5737 

-0.8097 -0.8846 ·0.3112 -0.3429 
-0.8152 -0.8856 -0.3094 -0.3405 

-0.8519 -0.8276 
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Table H-4 

ONE MINUTE CORRELATIONS FOR SUBJEcr 4 
(N=1l8) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 ----
AVECLOSE 0.4587 1.0000 ----
EYEMEAS 0.6296 0.9629 1.0000 
AVEOBS 0.6859 0.5878 

MNSUBRAT 0.7232 0.5922 
SUMTHERR 
SUMLTERR 
RTMTHCOR 
R1LTCOR 0.3510 0.3503 
MNALPHA -0.6508 -0.5295 
MNBETA -0.7285 -0.6035 

MNTHETA -0.2988 ·0.4937 -0.4317 
ABRATIO -0.5102 -0.4119 
TBRATIO -0.2780 

ATBRATIO -0.4396 -0.3756 
MNEMG 
THREOG 0.2843 

NUMRLBLK 0.3048 0.2672 
MNHRT -0.2673 -0.2558 

MNSQHRT -0.2535 
VARHRT 
SKINPClT 

AVEOBS MNSUBRAT SUMTIIERR SUMLTERR RTMTHCOR RTLTCOR 

-._ .. 
1.0000 _ ... 
0.8165 1.0000 _ ... 

1.0000 .... 
1.0000 ...... 

0.2821 0.6975 1.0000 ----
0.4116 0.2642 0.5282 1.0000 
-0.8012 -0.8336 -0.2706 
-0.7676 -0.8457 -0.2747 
-0.5131 -0.6348 
-0.7304 -0.7033 

-0.3358 
-0.5690 -0.6054 
0.3708 0.3088 0.3265 ! 

0.5524 0.3881 0.2939 0.2998 
• 0.5530 0.4247 0.2620 0.3073 
• 

· 

-0.2846 
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Table U-S 

ONE MINUlE CORRELATIONS FOR SUBJECT 5 
(N=1l8) 

PERCLOSE AVECLOSE EYEMEAS 
PERCWSE 1.0000 ._.-
AVECLOSE 0.9460 1.0000 .-.. 
EYEMEAS 0.9766 0.9909 1.0000 
AVEOBS 0.9226 0.9427 0.9482 

MNSUBRAT 0.8814 0.9092 0.9141 
SUMTIlERR 
SUMLTERR 
RTMTHCOR 
RTLTCOR 0.2899 0.2782 0.2815 
MNALPHA 0.9465 0.9155 0.9360 
MNBETA 0.8664 0.8520 0.8676 

MNTHETA 0.7735 0.7785 0.7865 
ABRATIO 0.9567 0.9307 0.9494 
TBRATIO 

ATBRATIO 0.9262 0.9116 0.9252 
MNEMG ·0.2718 
THREOG 0.3414 0.3501 0.3536 

NUMRLBLK 
MNHRT -0.4398 -0.3926 -0.4116 

MNSQHRT -0.4208 -0.3685 -0.3878 
VARHRT 
SKINPOT 0.2648 0.3163 0.3107 

AVEOBS MNSUBRAT SUMTHERR SUMLTERR RTMTHCOR RTLTCOR 

----
1.0000 _.--
0.9672 1.0000 ---- i 

I 

1.0000 _._. 
1.0000 .. -- I 

0.7119 1.0000 .... 
0.2982 0.2993 0.7428 1.0000 
0.9345 0.9241 0.2761 
0.9088 0.9215 0.2899 
0.7676 0.7616 

I 

0.9407 0.9215 0.2785 
! 

0.8971 0.8759 0.2643 
-0.2586 

0.4261 0.4666 I 

0.2594 0.2701 
0.4009 0.2879 
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Table 0-6 

ONE MINUTE CORRELATIONS FOR SUBJECT 6 
(N=118) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 ----
AVECLOSE 0.9238 1.0000 ._--
EYEMEAS 0.9749 0.9832 1.0000 
AVEOBS 0.8545 0.9399 0.9161 

MNSUBRAT 0.6334 0.5879 0.6169 
SUMTIIERR 
SUMLTERR 
RTMTHCOR 
RTI...TCOR 0.5041 0.4123 0.4573 
MNALPHA 0.6081 0.6683 0.6590 
MNBETA 0.3311 0.3513 0.3504 

MNTHETA 0.3603 0.4770 0.4434 
ABRATIO 0.6830 0.7595 0.7470 
TBRATIO 0.3655 0.3275 

ATBRATIO 0.4552 0.5693 0.5388 
MNEMG -0.2509 
THREOG 0.5946 0.6224 0.6166 

NUMRLBLK 0.3309 0.2680 
MNHRT -0.7007 -0.6411 -0.6788 

MNSQHRT -0.6765 -0.6133 -0.6524 
VARHRT 
SKINPOT -0.7924 -0.8643 -0.8461 

AVEOBS MNSUBRAT SUMTHERR SUMLTERR RTMTHCOR RlLTCOR 

_ .... 

1.0000 .... 
0.6569 1.0000 -_.-

1.0000 ----
0.2690 0.3179 1.0000 .... 

0.8287 1.0000 ----
0.4484 0.5678 0.7072 1.0000 
0.7436 0.3612 
0.4560 
0.5305 0.2536 
0.7813 0.4719 
0.3807 
0.5888 0.3386 

0.7397 0.4633 0.3422 
0.4928 
-0.5081 -0.3634 -0.3881 
-0.4699 -0.3362 -0.3697 
0.3110 
-0~456 . ,-0.6988 -0.3100 -0.4672 
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Table H-7 

ONE MINUTE CORRELATIONS FOR SUBJECT 7 
(N=118) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 ----
AVECLOSE 0.7935 1.0000 ----
EYEMEAS 0.9215 0.9629 1.0000 
AVEOBS 0.5450 0.7275 0.6797 

MNSUBRAT 0.4548 0.6624 0.5960 
SUMTHERR 
SUMLTERR 
RTMTIICOR 0.2558 
RlLTCOR 0.2945 0.3010 0.3191 
MNALPHA 0.4830 0.4565 0.4857 
MNBETA 

MNTHETA 
ABRATIO 0.5347 0.4670 0.5234 
TBRATIO 

ATBRATIO 0.3915 0.3659 0.3910 
MNEMG 0.3885 0.3151 
TIIREOG 0.2875 0.3047 0.3088 

NUMRLBLK -0.4096 -0.3585 -0.4087 
MNHRT -0.2894 

MNSQHRT -0.2852 
VARHRT 
SKINPOL _ 0.2637 0.3336 0.3266 

AVEOBS MNSUBRAT SUMTIlERR SUMLTERR RTMTIICOR RlLTCOR 

----
1.0000 .... 
0.9065 1.0000 ._.-

1.0000 .... 
1.0000 ._.-

0.5600 1.0000 .. _--
0.2521 1.0000 
0.5966 0.5941 
0.5067 0.5807 
0.4501 0.4624 
0.4503 0.3896 
0.3585 0.3330 
0.4756 0.4244 0.2539 
0.6364 0.6090 
0.3457 0.3192 
-0.3016 -0.2575 

0.3296 0.2822 
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Table 8-8 

ONE MINUTE CORRELATIONS FOR SUBJEcr 8 
(N==1l8) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 --.. 
AVECLOSE 0.7407 1.0000 .. --
EYEMEAS 0.9108 0.9274 1.0000 
AVEOBS 0.4618 0.7633 0.6557 

MNSUBRAT 0.3318 0.3413 
SUMTHERR 
SUMLTERR 
RTMTHCOR 
RTLTCOR 
MNALPHA 0.3260 0.3011 
MNBETA 0.2612 

MNTHETA 
ABRATIO 0.2725 
TBRATIO 

ATBRATIO 
MNEMG 
THREOG 

NUMRLBLK 
MNHRT -0.4517 -0.2932 

MNSQHRT -0.4544 -0.2944 
VARHRT 
SKINPOT 

AVEOBS MNSUBRAT SUMTHERR SUMLTERR RTMTHCOR RTLTCOR 

.... 
1.0000 ----
0.4156 1.0000 --_. 

1.0000 ----
1.0000 ----

0.8486 1.0000 ----
0.7853 1.0000 

0.2949 0.2770 
0.3234 

0.3105 0.3003 
0.2929 
-0.6857 
-0.6872 

-0.2800 
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Table 1-1 

TWO MINUTE CORRELA nONS FOR SUBJECT 1 
(N=59) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 ----
AVECLOSE 0.8661 1.0000 .... 
EYEMEAS 0.9502 0.9756 1.0000 
AVEOBS 0.7522 0.9424 0.8934 

MNSUBRAT 0.7098 0.8910 0.8502 
SUMTHERR 0.6203 0.4863 0.5554 
SUMLTERR 0.6927 0.5366 0.6096 
RTMTHCOR 0.7477 0.5905 0.6752 
RlLTCOR 0.7965 0.6158 0.7049 
MNALPHA 0.4607 0.6863 0.6186 
MNBETA -0.2866 

MNTHETA 0.9119 0.7976 0.8701 
ABRATIO 0.6520 0.8149 0.7763 
TBRATIO 0.9191 0.7606 0.8498 

ATBRATIO 0.8700 0.8892 0.9110 
MNEMG ·0.4729 -0.2718 -0.3794 
THREOG 

NUMRLBLK -0.8357 -0.7184 -0.7900 
MNHRT -0.7710 -0.6822 -0.7564 

MNSQHRT -0.7552 -0.6715 -0.7440 
VARHRT 
SKINPOT _Q,4156 _ _ 0.2725 0.3676 

AVEOBS 

----
1.0000 
0.9195 
0.3997 
0.4360 
0.5045 
0.5020 
0.7376 

0.7020 
0.8378 
0.6520 
0.8477 

0.3539 
-0.6827 
-0.5519 
-0.5416 

MNSUBRAT SUMTHERR SUMLlERR RTMTHCOR RlLTCOR 

----
1.0000 -._. 
0.3638 1.0000 .... 
0.4415 0.5381 1.0000 ----
0.4748 0.9242 0.5214 1.0000 ----
0.5068 0.5263 0.9482 0.5777 1.0000 
0.7459 

-0.2654 -0.3956 -0.3605 -0.5138 
0.6878 0.6533 0.6453 0.7351 0.7128 
0.8251 0.2806 0.3308 
0.6281 0.6705 0.6869 0.7669 0.7778 
0.8278 0.4280 0.4928 0.5642 0.6006 
-0.2613 -0.2560 -0.3601 -0.2937 
0.3432 -0.2513 I 

-0.6410 -0.4844 -0.6814 -0.5873 -0.7725 
-0.5811 -0.4512 -0.5746 -0.5526 -0.7128 
-0.5731 -0.4368 -0.5545 -0.5371 -0.6915 

0.2974 0.3096 0.4165 
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Table 1·2 

TWO MINUTE CORRELATIONS FOR SUBJECf 2 
(N=59) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 ----
AVECLOSE 0.7946 1.0000 ----
EYEMEAS 0.8793 0.9809 1.0000 
AVEOBS 0.7740 0.9069 0.9211 

MNSUBRAT 0.5993 0.7457 0.7536 
SUMTHERR 
SUMLTERR 0.6808 0.5141 0.5790 
RTMTHCOR 0.2864 
RTLTCOR 0.7972 0.5953 0.6709 
MNALPHA 0.4551 0.6873 0.6681 
MNBETA -0.7387 -0.6367 -0.6852 

MNTHETA 0.7720 0.7773 0.8375 
ABRATIO 0.7037 0.8596 0.8646 
TBRATIO 0.8538 0.7990 0.8660 

ATBRATIO 0.7861 0.8906 0.9135 
MNEMG -0.5538 -0.5476 -0.5836 
THREOG -0.5606 -0.7858 -0.7663 

NUMRLBLK -0.7815 -0.9207 -0.9320 
MNHRT -0.7532 -0.7503 -0.7936 

MNSQHRT -0.7428 -0.7466 -0.7876 
VARHRT 
SKINPOT . 

L 
0.4005 0.5444 0.5379 

AVEOBS MNSUBRAT SUMTHERR SUMLTERR RTMTHCOR RTLTCOR 

----
1.0000 _ .. -. 
0.9012 1.0000 .... 

1.0000 ._.-
0.5340 0.4197 1.0000 ----

0.8542 1.0000 ----
0.6088 0.4632 0.8771 0.2676 1.0000 
0.6811 0.6535 0.2796 
-0.6247 -0.4709 -0.4985 -0.3298 -0.6455 
0.8320 0.7462 0.5581 0.3023 0.5868 
0.8538 0.7676 0.4464 0.4731 
0.8346 0.7065 0.6114 0.3654 0.6918 
0.8963 0.7933 0.5186 0.5621 
-0.4318 -0.2865 -0.4307 -0.4246 
-0.7210 -0.5771 -0.3302 -0.3963 
-0.9294 -0.8003 -0.5083 -0.5669 
-0.7201 -0.6427 -0.4493 -0.5507 , 

-0.7064 -0.6300 -0.4414 -0.5362 

0.7340 0.8691 0.3068 0.3061 
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Table 1 .. 3 

TWO MINUTE CORRELATIONS FOR SUBJECT 3 
(N=59) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 ----
AVECLOSE 0.8964 1.0000 ----
EYEMEAS 0.9688 0.9747 1.0000 
AVEOBS 0.8252 0.9778 0.9270 

MNSUBRAT 0.8087 0.9213 0.8905 
SUMTHERR 
SUMLTERR 
RTMTIlCOR 0.3050 0.3308 0.3351 
RTLTCOR 0.4355 0.4261 0.4529 
MNALPHA 0.8753 0.8990 0.9069 
MNBETA 0.4756 0.5446 0.5223 

MNTHETA 0.5955 0.6914 0.6644 
ABRATIO 0.6830 0.6271 0.6714 
TBRATIO 0.4378 0.5134 0.4942 

ATBRATIO 0.6215 0.6286 0.6441 
MNEMG 
THREOG 0.3732 0.6384 0.5245 

NUMRLBLK -0.4085 -0.2825 
MNHRT -0.7810 -0.8359 -0.8339 

MNSQHRT -0.7841 -0.8409 -0.8383 
VARHRT 
SKINPOT -0.5329 -0.7945 -0.6712 

AVEOBS MNSUBRAT SUMTHERR SUMLTERR RTMTIlCOR RTLTCOR 

----
1.0000 ... -
0.9411 1.0000 ----

1.0000 -_.-
1.0000 ._ .. 

0.3194 0.3484 0.8641 1.0000 .... 
0.4106 0.4469 0.3665 0.2619 1.0000 
0.8867 0.8821 0.2800 0.3987 
0.5849 0.5976 
0.7008 0.6923 0.2631 0.4009 0.2844 
0.5520 0.5106 0.2695 
0.5002 0.4632 0.3129 0.4015 
0.5785 0.5353 0.2607 0.3507 

0.7029 0.6733 

-0.8289 -0.9086 -0.3919 -0.4374 
-0.8339 -0.9088 -0.3909 -0.4368 

-0.8679 -0.8350 -0.2749 
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Table 1·4 

TWO MINUTE CORRELATIONS FOR SUBJECf 4 
(N=59) 

PERC LOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 ----
AVECLOSE 0.5048 1.0000 -_ .. 
EYEMEAS 0.6485 0.9688 1.0000 
AVEOBS 0.7249 0.6237 

MNSUBRAT 0.2961 0.7694 0.6462 
SUMTHERR -0.2955 
SUMLTERR 
RTMTIICOR 
RTLTCOR 0.4019 0.4031 
MNALPHA -0.7025 -0.5888 
MNBETA -0.2785 -0.7719 -0.6550 

MNTHETA -0.3730 ·0.5760 -0.5163 
ABRATIO -0.5786 -0.4852 
TBRATIO -0.3560 -0.3160 -0.3127 

ATBRATIO -0.2988 -0.5189 -0.4582 
MNEMG -0.2770 
THREOG 0.3431 0.2686 

NUMRLBLK 0.3509 0.2934 
MNHRT -0.3458 -0.3332 

MNSQHRT -0.3287 -0.3209 
VARHRT 
SKINPOT 

AVEOBS MNSUBRAT SUMTHERR SUMLTERR RTMTHCOR RTLTCOR 

._ .. 
1.0000 .... 
0.8344 1.0000 .... 

1.0000 .... 
1.0000 .... 

0.3817 0.2656 0.7459 1.0000 --.. 
0.4963 0.3097 0.6711 1.0000 
-0.8247 -0.8482 -0.3245 
-0.7987 -0.8693 -0.3391 
-0.5505 -0.6796 
-0.7637 -0.7271 -0.2922 -0.2871 
-0.2500 -0.3714 
-0.6042 -0.6396 
0.4353 0.3773 0.4760 
0.6471 0.4943 0.3270 0.3091 
0.6241 0.5096 0.3308 0.2779 
-0.2634 -0.3246 

-0.3011 

-0.3392 
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Table I-S 

TWO MINtITE CORRELATIONS FOR SUBJECT 5 
(N=59) 

PERCLOSE AVECWSE EYEMEAS 
PERCLOSE 1.0000 ----
AVECLOSE 0.9556 1.0000 ----
EYEMEAS 0.9812 0.9922 1.0000 
AVEOBS 0.9447 0.9533 0.9589 

MNSUBRAT 0.9211 0.9308 0.9376 
SUMTHERR 
SUMLTERR 
RTMTHCOR 0.2714 0.3001 0.2934 
RlLTCOR 0.4811 0.4377 0.4539 
MNALPHA 0.9591 0.9310 0.9475 
MNBETA 0.8968 0.8777 0.8915 

MNTHETA 0.8166 0.8121 0.8209 
ABRATIO 0.9693 0.9445 0.9597 
TBRATIO 

ATBRATIO 0.9431 0.9272 0.9385 
MNEMG 
THREOG 0.4553 0.4594 0.4614 

NUMRLBLK 
MNHRT -0.4226 ·0.3956 -0.4103 

MNSQHRT -0.3970 -0.3668 -0.3814 
VARHRT 
SKINPOT 0.2759 _ 0.3279 0.3214 

AVEOBS MNSUBRAT SUMTIIERR SUMLTERR RTMTHCOR RlLTCOR 
i 

---- I 

1.0000 ----
0.9721 1.0000 -._. 

1.0000 --_. 
1.0000 ----

0.7608 1.0000 ----
0.4448 0.4243 0.6843 1.0000 
0.9569 0.9593 0.4522 
0.9309 0.9527 0.2775 0.4321 
0.8010 0.8063 0.3924 
0.9618 0.9542 0.2795 0.4616 

0.2827 
0.9207 0.9121 0.3162 0.4492 

-0.3190 
0.5188 0.5702 

-0.2543 -0.2830 
-0.2804 

0.3096 0.3596 -0.2597 0.2647 
0.4060 0.2909 



tv ...... 
o 

Table 1·6 

TWO MINUTE CORRELATIONS FOR SUBJECf 6 
(N=59) 

PERC LOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 ----
AVECLOSE 0.9301 1.0000 ----
EYEMEAS 0.9770 0.9847 1.0000 
AVEOBS 0.8828 0.9570 0.9360 

MNSUBRAT 0.6642 0.6041 0.6376 
SUMTHERR 
SUMLTERR 0.2924 0.2649 0.2773 
RTMTHCOR 
RTLTCOR 0.5740 0.4701 0.5185 
MNALPHA 0.6875 0.7295 0.7271 
MNBETA 0.4072 0.4139 0.4194 

MNTHETA 0.4773 0.5782 0.5515 
ABRATIO 0.7543 0.8179 0.8095 
TBRATIO 0.3157 0.4316 0.3963 

ATBRATIO 0.5406 0.6427 0.6165 
MNEMG 
THREOG 0.6764 0.7027 0.6980 

NUMRLBLK 0.3667 0.4893 0.4251 
MNHRT -0.7426 -0.6827 -0.7196 

MNSQHRT -0.7126 -0.6485 -0.6872 
VARHRT 
SKINPOT -0.8447 -0.8997 -0.8880 

AVEOBS MNSUBRAT SUMTHERR SUMLTERR RTMTHCOR RTLTCOR 

----
1.0000 ----
0.6589 1.0000 ----

1.0000 ----
0.3533 0.4323 1.0000 .... 

0.2826 0.8002 1.0000 .... 
0.5085 0.6582 0.6823 0.2907 1.0000 
0.7878 0.3811 0.2593 0.2884 
0.4936 
0.6269 0.2965 
0.8365 0.5074 0.2529 0.2943 
0.4505 
0.6631 0.3815 

0.8063 0.5019 0.3118 0.4367 
0.6101 0.2902 
-0.5549 -0.4137 -0.4290 
-0.5127 -0.3843 -0.4065 
0.4121 
-0.9576 -0.7035 -0.4165 -0.5418 



tv 
I--' 
I--' 

Table 1-7 

TWO MINUTE CORRELATIONS FOR SUBJEcr 7 
(N=59) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 .... 
AVECLOSE 0.8283 1.0000 .... 
EYEMEAS 0.9342 0.9697 1.0000 
AVEOBS 0.6266 0.7911 0.7502 

MNSUBRAT 0.5412 0.7298 0.6729 
SUMTHERR 
SUMLTERR 
RTMTHCOR 0.2911 0.2543 
RTLTCOR 0.3522 0.3704 0.3891 
MNALPHA 0.5847 0.5622 0.5883 
MNBETA 0.2504 0.3369 0.3014 

MNTHETA 0.2923 0.2627 
ABRATIO 0.6696 0.5915 0.6499 
TBRATIO 0.2670 

ATBRATIO 0.5053 0.5026 0.5192 
MNEMG 0.3121 0.5103 0.4572 
THREOG 0.3901 0.3645 0.3861 

NUMRLBLK -0.4369 -0.4243 -0.4555 
MNHRT -0.2915 

MNSQHRT -0.2805 
VARHRT 
SKINPOT 0.3336 0.3824 0.3855 

AVEOBS MNSUBRAT SUMTHERR SUMLTERR RTMTHCOR RTLTCOR 

.w __ 

1.0000 ----
0.9165 1.0000 --.. 

1.0000 .... 
1.0000 ----

0.6170 1.0000 ----
0.3014 1.0000 
0.6588 0.6788 0.2797 
0.5987 0.6821 
0.5448 0.5793 0.2572 
0.5512 0.5088 0.2904 
0.4622 0.4537 0.3076 
0.5877 0.5576 0.3150 0.2627 
0.7037 0.6567 0.3334 
0.4407 0.4155 
-0.3626 -0.3184 -0.2716 

0.3290 0.3760 
0.3384 0.2830 



N 
........ 
N 

Table 1-8 

TWO MINUTE CORRELATIONS FOR SUBJECf 8 
(N=59) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 ._.-
AVECLOSE 0.7402 1.0000 ._--
EYEMEAS 0.9072 0.9304 1.0000 
AVEOBS 0.4693 0.8114 0.6930 

MNSUBRAT 0.3816 0.4088 
SUMTHERR 
SUML1ERR 
RTMTHCOR 
RTLTCOR 
MNALPHA 0.2708 0.4604 0.4024 
MNBETA 0.3913 0.2947 

MNTHETA 0.2508 
ABRATIO 0.2510 
TBRATIO 

ATBRATIO 
MNEMG 
THREOG 0.2580 

NUMRLBLK 
MNHRT -0.5267 -0.3582 

MNSQHRT -0.5308 -0.3602 
VARHRT 
SKINPQT 

AVEOBS MNSUBRAT SUMTHERR SUML1ERR RTMTHCOR RTLTCOR 

.-.. 
1.0000 ----
0.4317 1.0000 .... 

1.0000 .. -. 
1.0000 ----

0.8260 1.0000 ..... 
0.8062 1.0000 

0.3413 0.3184 
0.3812 

-0.2680 -0.2563 
-0.3422 
-0.3094 

0.3515 0.3562 
0.3614 
-0.7604 
-0.7646 

-0.2825 
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tv ...... 
~ 

TableJ-l 

FOUR MINUTE CORRELATIONS FOR SUBJECT 1 
(N=29) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 ..... 
AVECLOSE 0.8799 1.0000 ..... 
EYEMEAS 0.9539 0.9799 1.0000 
AVEOBS 0.7672 0.9437 0.8991 

MNSUBRAT 0.7421 0.9109 0.8755 
SUMTHERR 0.6685 0.5138 0.5865 
SUMLTERR 0.8194 0.6557 0.7356 
RTMTHCOR 0.7968 0.6205 0.7089 
RTLTCOR 0.8567 0.6767 0.7658 
MNALPHA 0.4251 0.6785 0.5975 
MNBETA -0.4233 

MNTHETA 0.9445 0.8275 0.8965 
ABRATIO 0.6600 0.8333 0.7872 
TBRATIO 0.9560 0.7933 0.8791 

ATBRATIO 0.8937 0.9094 0.9277 
MNEMG -0.5097 -0.3364 -0.4302 
THREOG 

NUMRLBLK -0.8867 -0.7601 -0.8349 
MNHRT -0.8133 -0.7289 -0.7948 

MNSQHRT -0.7995 -0.7211 -0.7850 
VARHRT -0.3065 
SKINPOT 0.5816 0.5070 0.5643 

AVEOBS 

.-.-
1.0000 
0.9339 
0.4142 
0.5455 
0.5243 
0.5570 
0.7411 

0.7205 
0.8602 
0.6739 
0.8620 
-0.3170 
0.3588 
-0.7183 
-0.5853 
-0.5776 

0.3877 

MNSUBRAT SUMTHERR SUMLTERR RTMTHCOR RTLTCOR 

----
1.0000 ._ .. 
0.3817 1.0000 ----
0.5410 0.6342 1.0000 _._-
0.4957 0.9541 0.7231 1.0000 ...... 
0.5525 0.5761 0.9759 0.6990 1.0000 
0.8037 

·0.3484 -0.6297 -0.4465 -0.6726 
0.7402 0.6639 0.7662 0.7789 0.7841 
0.8926 0.3622 0.2911 0.4186 
0.6734 0.6822 0.8317 0.8060 0.8578 
0.8807 0.4450 0.6530 0.5976 0.7000 
-0.3006 ·0.3120 -0.3006 ·0.4093 -0.3365 I 

0.4008 -0.2744 -0.2633 
-0.6889 -0.5819 -0.8524 -0.7146 -0.8762 
-0.6261 -0.4988 -0.7452 -0.6122 -0.8009 
-0.6212 -0.4850 -0.7270 -0.5969 -0.7816 

-0.3055 
0.5618 0.4724 0.3694 0.5585 



N 
P-' 

Vl 

Table J.2 

FOUR MINUTE CORRELATIONS FOR SUBJECT 2 
(N=29) 

PERCLOSE AVECLOSE EYEMEAS 
PERCWSE 1.0000 ----
AVECLOSE 0.8544 1.0000 ._--
EYEMEAS 0.9157 0.9884 1.0000 
AVEOBS 0.8149 0.9126 0.9229 

MNSUBRAT 0.6556 0.7542 0.7616 
SUMTHERR 
SUMLTERR 0.8019 0.6630 0.7220 
RTMTHCOR 0.2762 
RTLTCOR 0.9385 0.7465 0.8174 
MNALPHA 0.5662 0.7613 0.7400 
MNBETA -0.8074 -0.7563 -0.7828 

MNTHETA 0.8537 0.8769 0.9067 
ABRATIO 0.7657 0.9026 0.8970 
TBRATIO 0.9237 0.9045 0.9410 

ATBRATIO 0.8339 0.9330 0.9386 
MNEMG -0.6679 -0.6842 -0.7043 
THREOG -0.7043 -0.8684 -0.8497 

NUMRLBLK -0.8240 -0.9467 -0.9443 
MNHRT -0.7732 -0.7990 -0.8245 

MNSQHRT -0.7624 -0.7955 -0.8183 
VARHRT 
SKINPOT 0.4321 .. , 0.5452 0.5383 

AVEOBS MNSUBRAT SUMTHERR SUMLTERR RTMTHCOR RTLTCOR 

.... 
1.0000 _.---
0.9133 1.0000 ----

1.0000 .... 
0.6483 0.5480 1.0000 ._--

0.8479 1.0000 .-.-
0.7211 0.5688 0.3019 0.8840 0.3586 1.0000 
0.7569 0.7108 0.5623 0.4577 
-0.7070 -0.5611 -0.4970 -0.3205 -0.7186 
0.8953 0.8173 0.7641 0.3500 0.7998 
0.8879 0.7970 0.6598 0.6461 I 

0.9008 0.7871 0.7417 0.3886 0.8576 ! 

0.9208 0.8207 0.7039 0.7248 
-0.5324 -0.3480 -0.5994 -0.2684 -0.5955 

. 

-0.7806 -0.6115 -0.5424 -0.5465 
-0.9362 -0.8165 -0.6564 -0.6991 
-0.7572 -0.6808 -0.5808 -0.6841 
-0.7432 -0.6672 -0.5753 -0.6711 

0.7421 0.8707 0.3879 
~ 

'------_0.3642 



tv .-
0\ 

TableJ-3 

FOUR MINUTE CORRELATIONS FOR SUBJECT 3 
(N=29) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 ----
AVECLOSE 0.9090 1.0000 ...... 
EYEMEAS 0.9715 0.9793 1.0000 
AVEOBS 0.8438 0.9813 0.9367 

MNSUBRAT 0.8573 0.9386 0.9207 
SUMTHERR 
SUMLTERR 
RTMTHCOR 0.4089 0.4103 0.4326 
RTLTCOR 0.4580 0.4809 0.4953 
MNALPHA 0.9051 0.9333 0.9359 
MNBETA 0.6513 0.7269 0.6963 

MNTHETA 0.6897 0.7919 0.7600 
ABRATIO 0.8009 0.7373 0.7924 
TBRATIO 0.5604 0.6645 0.6354 

ATBRATIO 0.7673 0.7839 0.8014 
MNEMG 
THREOG 0.4989 0.7488 0.6444 

NUMRLBLK -0.4450 -0.3118 
MNHRT -0.8497 -0.8761 -0.8849 

MNSQHRT -0.8521 -0.8813 -0.8891 
VARHRT 
SKINPOT -0.6038 -0.8267 -0.7279 

AVEOBS MNSUBRAT SUMfHERR SUMLTERR RTMTHCOR RTLTCOR 

_.--
1.0000 .... 
0.9482 1.0000 .... 

1.0000 ----
1.0000 _ ... 

0.3965 0.4575 0.8763 1.0000 ----
0.4747 0.5431 0.4357 0.4558 1.0000 
0.9220 0.9343 0.3971 0.4594 I 

0.7563 0.7424 0.3136 
I 

0.8030 0.8005 0.2942 0.4441 0.4134 J 
0.6631 0.6736 0.2758 0.3957 0.4146 

i 

0.6610 0.6400 0.3804 0.4585 0.3603 
0.7381 0.7333 0.3620 0.4738 0.4338 

-0.3393 
0.8070 0.7260 0.2602 

0.2719 
-0.8603 -0.9332 -0.2547 -0.4778 -0.5212 
-0.8659 -0.9345 -0.2549 -0.4751 -0.5191 
0.2506 
-0.8947 -0.8515 -0.2761 -0.3753 



tv ...... 
-.....) 

Table J-4 

FOUR MINUTE CORRELATIONS FOR SUBJECT 4 
(N;;;29) 

PERC LOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 .... 
AVECLOSE 0.4566 1.0000 --.-
EYEMEAS 0.6047 0.9726 1.0000 
AVEOBS 0.7405 0.6528 

MNSUBRAT 0.3056 0.7900 0.6897 
SUMTIlERR -0.2867 -0.3087 
SUMLTERR 
RTMTIfCOR 

RTLTCOR 0.4216 0.4207 
MNALPHA -0.2726 -0.7536 -0.6601 
MNBETA -0.2941 -0.8127 -0.7193 

MNTHETA -0.4548 -0.6858 -0.6373 
ABRATIO -0.2564 -0.6661 -0.5850 
TBRATIO -0.4958 -0.4556 -0.4559 

ATBRATIO -0.3819 -0.6487 -0.5927 
MNEMG -0.2572 
THREOG 0.4356 0.3691 

NUMRLBLK 0.3820 0.3209 
MNHRT -0.2960 -0.2840 

MNSQHRT -0.2676 -0.2607 
VARHRT 
SKINPOT 

AVEOBS MNSUBRAT SUMTIlERR SUMLTERR RTMTIlCOR RTLTCOR 

..... 
1.0000 ----
0.8141 1.0000 -.--

1.0000 ----
0.2653 1.0000 ----
0.4416 0.7474 1.0000 .... 
0.5276 0.3181 0.7671 1.0000 
-0.8084 -0.8350 -0.3386 
-0.7738 -0.8493 -0.3579 
-0.5508 -0.7301 
-0.7817 -0.7482 -0.3091 
-0.2610 -0.4647 
-0.6484 -0.7092 
0.5752 0.3138 0.3806 0.5323 
0.7961 0.5696 0.2920 0.5048 0.4793 
0.7391 0.5735 0.5006 0.3866 
-0.2844 -0.4919 -0.5038 

-0.4581 -0.4623 
0.3357 0.3039 
-0.4702 -0.3023 -0.2815 



N ...... 
00 

Table J*5 

FOUR MINUTE CORRELA nONS FOR SUBJECT 5 
(N=29) 

PERCLOSE AVECWSE EYEMEAS 
PERCLOSE 1.0000 ----
AVECLOSE 0.9676 1.0000 ----
EYEMEAS 0.9858 0.9946 1.0000 
AVEOBS 0.9598 0.9716 0.9735 

MNSUBRAT 0.9342 0.9517 0.9530 
SUMTHERR 
SUMLTERR 0.2665 
RTMTHCOR 0.3634 0.4106 0.3953 
RTLTCOR 0.6602 0.5980 0.6337 
MNALPHA 0.9713 0.9609 0.9691 
MNBETA 0.9144 0.9193 0.9226 

MNTHETA 0.8722 0.8850 0.8854 
ABRATIO 0.9830 0.9714 0.9793 
TBRATIO 0.2513 

ATBRATIO 0.9695 0.9643 0.9692 
MNEMG 
THREOG 0.6026 0.6317 0.6213 

NUMRLBLK 
MNHRT *0.4495 -0.3917 -0.4176 

MNSQHRT -0.4215 -0.3594 -0.3856 
VARHRT 0.3025 0.2847 
SKINPOT 0.2698 0.3218 0.3152 

AVEOBS MNSUBRAT SUMTHERR SUMLTERR RTMTHCOR RTLTCOR 

----
1.0000 ----
0.9797 1.0000 .... ---

1.0000 ----
0.3305 0.3539 1.0000 ----
0.2987 0.2608 0.7963 1.0000 ----
0.5923 0.5735 0.5268 0.2569 1.0000 
0.9716 0.9691 0.3422 0.2649 0.6071 
0.9618 0.9737 0.4284 0.5772 
0.8550 0.8565 0.3313 0.2654 0.6356 
0.9703 0.9610 0.3022 0.3349 0.6201 

0.3065 0.2731 0.2844 
0.9374 0.9287 0.2818 0.3695 0.6402 

-0.3797 0.4913 -0.4885 
0.6964 0.7246 0.5775 0.4557 

-0.3320 0.4073 -0.3032 
-0.2880 -0.4829 -0.2877 
-0.2549 -0.4817 -0.2586 
0.3628 0.4154 -0.3503 0.4273 -0.2762 
0.3786 0.2718 0.3013 



tv 
....... 
\0 

TableJ-6 

FOUR MINUTE CORRELATIONS FOR SUBJECT 6 
(N=29) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 ----
AVECLOSE 0.9491 1.0000 -_ .... 
EYEMEAS 0.9828 0.9898 1.0000 
AVEOBS 0.9019 0.9699 0.9496 

MNSUBRAT 0.7131 0.6539 0.6856 
SUMTHERR 
SUMLTERR 0.4192 0.3639 0.3845 
RTMTHCOR 0.2562 
R1LTCOR 0.6738 0.5556 0.6051 
MNALPHA 0.7082 0.7750 0.7576 
MNBETA 0.4123 0.4605 0.4439 

MNTHETA 0.5302 0.6491 0.6143 
ABRATIO 0.7914 0.8569 0.8441 
TBRATIO 0.3752 0.4933 0.4592 

ATBRATIO 0.6018 0.7045 0.6778 
MNEMG -0.2560 
THREOG 0.7027 0.7575 0.7391 

NUMRLBLK 0.3751 0.5298 0.4557 
MNHRT -0.7801 -0.6966 -0.7390 

MNSQHRT -0.7510 -0.6602 -0.7055 
VARHRT 0.2842 
SKINPOT -0.8620 -0.9055 _ ,__-0.8969 

AVEOBS MNSUBRAT SUMTHERR SUMLTERR RTMTHCOR R1LTCOR 

----
1.0000 -_ .... -
0.6863 1.0000 ----

1.0000 ----
0.4489 0.6373 1.0000 ----

0.3079 0.7774 1.0000 ----
0.5696 0.7770 0.7544 0.4341 1.0000 
0.8405 0.4297 0.3685 0.3239 
0.5549 0.2768 
0.7147 0.3430 
0.8718 0.5350 0.3273 0.3350 
0.5170 0.2646 -0.2903 
0.7260 0.4135 

-0.3106 
0.8552 0.5625 0.4390 0.5143 
0.6623 0.3202 0.3351 0.2785 
-0.5751 -0.4557 -0.4942 
-0.5322 ·0.4250 -0.4717 
0.4474 0.2502 0.3278 I 

I 

-0.9613 -0.7406 -0.5863 -0.6379 
--.-.-.-.... ~---



tv 
tv o 

Table J-7 

FOUR MINUTE CORRELATIONS FOR SUBJECT 7 
(N=29) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 ----
AVECLOSE 0.8783 1.0000 ----
EYEMEAS 0.9430 0.9856 1.0000 
AVEOBS 0.7368 0.8507 0.8267 

MNSUBRAT 0.6818 0.8065 0.7757 
SUMTHERR 
SUMLTERR 
RTMTHCOR 
RTLTCOR 0.3063 0.3419 0.3518 
MNALPHA 0.6073 0.6029 0.6163 
MNBETA 0.3241 0.3805 0.3623 

MNTHETA 0.4666 0.4248 0.4450 
ABRATIO 0.6926 0.6638 0.6928 
TBRATIO 0.5016 0.4339 0.4674 

ATBRATIO 0.6520 0.6014 0.6350 
MNEMG 0.5210 0.6604 0.6382 
TIIREOG 0.6336 0.5387 0.5864 

NUMRLBLK -0.4209 -0.5475 -0.5110 
MNHRT 

MNSQHRT 
VARHRT 0.3109 0.4725 0.4280 
SKINPOT 0.3579 0.3899 0.3980 

AVEOBS MNSUBRAT SUMTIIERR SUMLTERR RTMTHCOR RTLTCOR 

----
l.()()()() ----
0.9169 1.0000 ----

1.0000 .---
1.0000 ----

0.2835 0.2997 0.6670 1.0000 ----
0.3057 1.0000 
0.7030 0.7403 0.2972 
0.6179 0.7109 
0.6291 0.6683 0.2958 0.3837 
0.6342 0.6041 0.2772 i 

0.5682 0.5504 0.3419 0.3865 
0.6517 0.6254 0.2672 0.3542 
0.7323 0.6666 0.3929 0.2646 0.4446 
0.5675 0.5327 0.3814 
-0.4789 ·0.4507 

0.4244 0.4440 
0.3352 0.2784 



tv 
tv ...... 

TableJ.8 

FOUR MINUTE CORRELATIONS FOR SUBJECT 8 
(N=29) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 ----
AVECLOSE 0.7855 1.0000 ----
EYEMEAS 0.9046 0.9581 1.0000 
AVEOBS 0.5097 0.8566 0.7537 

MNSUBRAT 0.3907 0.4756 0.5398 
SUMTHERR 
SUMLTERR -0.2587 
RTMTHCOR 
RTLTCOR 
MNALPHA 0.2892 0.4660 0.4248 
MNBETA 0.4310 0.3549 

MNTHETA 
ABRATIO 
TBRATIO -0.4115 -0.4142 -0.3997 

ATBRATIO -0.2921 
MNEMG 
THREOG 0.2754 0.3819 0.3864 

NUMRLBLK 0.2650 0.3803 0.3743 
MNHRT -0.6039 -0.4543 

MNSQHRT -0.6063 -0.4560 
VARHRT 0.2696 
SKlN(>QI L.-

AVEOBS MNSUBRAT SUMTHERR SUMLTERR RTMTHCOR RTLTCOR 

----
1.0000 .... ---
0.4725 1.0000 ----

1.0000 ----
1.0000 ----

0.8195 1.0000 .... ---
0.8291 1.0000 

0.3391 0.3333 
0.4006 

-0.3579 -0.3006 -0.5675 
-0.4717 -0.3948 
-0.4615 -0.2967 -0.5663 

-0.2822 0.4288 
0.4793 0.4963 
0.5213 0.2851 
-0.7914 0.3423 
-0.7953 0.3415 
0.3432 

-0.3416 
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tv 
tv 
W 

Table K-l 

SIX MINUTE CORRELATIONS FOR SUBJEcr 1 
(N=19) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 ----
AVECLOSE 0.8981 1.0000 ----
EYEMEAS 0.9604 0.9841 1.0000 
AVEOBS 0.7571 0.9451 0.8958 

MNSUBRAT 0.7411 0.9187 0.8765 
SUMTHERR 0.8072 0.6696 0.7354 
SUMLTERR 0.8692 0.7052 0.7844 
RTMTHCOR 0.8899 0.7521 0.8246 
RTLTCOR 0.9032 0.7330 0.8183 
MNALPHA 0.4591 0.7333 0.6467 
MNBETA -0.5220 -0.3384 

MNTHETA 0.9583 0.8747 0.9291 
ABRATIO 0.6843 0.8706 0.8211 
TBRATIO 0.9641 0.8398 0.9090 

ATBRATIO 0.8941 0.9343 0.9426 
MNEMG -0.5859 -0.4509 -0.5272 
THREOG 

NUMRLBLK -0.8966 -0.8036 -0.8673 
MNHRT -0.8590 -0.8066 -0.8528 

MNSQHRT -0.8462 -0.8006 -0.8440 
VARHRT -0.2909 
SKINPOT 0.6212 .. 0.5977 0.6307 

AVEOBS 

... ---
1.0000 
0.9476 
0.5418 
0.5725 
0.6239 
0.5829 
0.8116 

0.7551 
0.8968 
0.7039 
0.8778 
-0.3913 
0.3575 
-0.7379 
-0.6655 
-0.6611 

0.4805 

MNSUBRAT SUMTHERR SUMLTERR RTMTHCOR RTLTCOR 

----
1.0000 ----
0.5235 1.0000 ----
0.5677 0.6696 1.0000 ----
0.6171 0.9702 0.7354 1.0000 ---- I 

0.5944 0.6659 0.9836 0.7547 1.0000 
0.8670 0.2951 0.2591 

-0.4058 -0.6665 -0.4918 -0.6790 
0.7882 0.7886 0.8406 0.8719 0.8747 
0.9342 0.3786 0.4804 0.4902 0.5269 
0.7250 0.7868 0.8819 0.8758 0.9152 

. 

0.9100 0.6278 0.7354 0.7378 0.7793 
-0.3674 -0.5345 -0.5273 -0.5953 -0.5460 
0.3973 -0.3310 -0.3185 
-0.7492 -0.6935 -0.8775 -0.7933 -0.8961 
-0.7066 -0.5707 -0.7756 -0.6725 -0.8270 
-0.7021 -0.5615 -0.7599 -0.6607 -0.8108 

-0.3380 -0.3774 
0.6528 0.3406 0.5379 0.4592 0.6385 



IV 
IV 
~ 

Table K-2 

SIX MINUTE CORRELATIONS FOR SUBJECT 2 
(N=19) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 ----
AVECLOSE 0.8886 1.0000 ----
EYEMEAS 0.9367 0.9909 1.0000 
AVEOBS 0.8390 0.9231 0.9298 

MNSUBRAT 0.6742 0.7784 0.7784 
SUMTHERR 0.3940 
SUMLTERR 0.9145 0.8113 0.8584 
RTMTHCOR 0.5163 0.2875 0.3360 
RTLTCOR 0.9620 0.8107 0.8649 
MNALPHA 0.5700 0.7812 0.7580 
MNBETA -0.8193 -0.7206 -0.7508 

MNTHETA 0.8983 0.9254 0.9450 
ABRATIO 0.7808 0.9229 0.9155 
TBRATIO 0.9456 0.9117 0.9411 

ATBRATIO 0.8539 0.9505 0.9534 
MNEMG -0.7659 -0.7025 -0.7442 
THREOG -0.7018 -0.8489 -0.8345 

NUMRLBLK -0.8406 -0.9530 -0.9483 
MNHRT -0.8493 -0.8361 -0.8651 

MNSQHRT -0.8407 -0.8320 -0.8599 
VARHRT -0.2583 
SKINPOT 0.4415 0.5392 0.5367 

AVEOBS 

----
1.0000 
0.9145 

0.7594 

0.7571 
0.7788 
-0.7098 
0.9235 
0.9199 
0.9065 
0.9468 
-0.5654 
-0.7919 
-0.9447 
-0.7947 
-0.7831 

0.7376 

MNSUBRAT SUMTHERR SUMLTERR RTMTHCOR RTLTCOR 

I 

----
1.0000 ---"" 

1.0000 ----
0.6177 0.4113 1.0000 ---- , 

0.8612 0.5251 1.0000 ----
0.5821 0.4585 0.9396 0.5910 1.0000 
0.7368 0.6128 0.4753 
-0.5863 -0.3392 -0.6240 -0.5675 -0.7634 
0.8173 0.2607 0.8565 0.4195 0.8344 
0.8358 0.7498 0.6799 
0.7777 0.3317 0.8412 0.5189 0.8842 
0.8472 0.8010 0.2530 0.7608 

, 

-0.4153 -0.3483 -0.7184 -0.3558 -0.6744 , 

-0.6684 -0.7001 -0.5936 
-0.8316 -0.7701 -0.2795 -0.7359 
-0.7044 -0.6946 -0.3102 -0.7361 
-0.6964 -0.6892 -0.3017 -0.7256 
0.2546 -0.2865 -0.3069 -0.2791 
0.8830 0.4322 0.3671 



tv 
tv 
til 

Table K-3 

SIX MINUTE CORRELATIONS FOR SUBJECT 3 
(N=19) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 ----

AVECLOSE 0.9242 1.0000 --_. 
EYEMEAS 0.9777 0.9821 1.0000 
AVEOBS 0.8640 0.9839 0.9430 

MNSUBRAT 0.8954 0.9460 0.9371 
SUMTHERR 
SUMLTERR 
RTMTHCOR 0.6111 0.5175 0.5733 
RTLTCOR 0.5673 0.5795 0.6000 
MNALPHA 0.9291 0.9453 0.9498 
MNBETA 0.7115 0.7792 0.7471 

MNTHETA 0.7748 0.8452 0.8206 
ABRATIO 0.8215 0.7549 0.8133 
TBRATIO 0.6915 0.7693 0.7473 

ATBRATIO 0.8474 0.8444 0.8698 
MNEMG 
THREOG 0.5058 0.7372 0.6388 

NUMRLBLK -0.4722 -0.3442 
MNHRT -0.8730 -0.8813 -0.8891 

MNSQHRT -0.8744 -0.8865 -0.8927 
VARHRT 0.2602 
SKINPOT -0.6308 -0.8383 -0.7468 

AVEOBS MNSUBRAT SUMTHERR SUMLTERR RTMTIlCOR RTLTCOR 
I 

i 

---- I 

1.0000 ... ---
· 

· 0.9523 1.0000 ---- .. 
1.0000 ---- I 

1.0000 ----
0.4780 0.5775 0.7989 1.0000 -.--

0.5763 0.6403 0.4371 0.5164 1.0000 
· 

0.9342 0.9468 0.6079 0.6131 
0.8186 0.8092 0.3854 0.4811 
0.8534 0.8449 0.4234 0.6676 0.6192 
0.6635 0.6746 0.3150 0.6172 0.5086 
0.7552 0.7237 0.5572 0.7162 0.5967 
0.7810 0.7724 0.4682 0.7332 0.6074 

-0.4100 -0.3127 
0.8047 0.7350 0.2615 0.3862 

-0.3674 
-0.8688 -0.9430 -0.2977 -0.6327 -0.6634 
-0.8739 -0.9436 -0.2972 -0.6286 -0.6629 
0.2892 
-0.9071 -0.8615 -0.3029 -0.4312 



N 
N 
0'\ 

Table K-4 

SIX MINUTE CORRELATIONS FOR SUBJECT 4 
(N=19) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 ._--
AVECLOSE 0.5055 1.0000 ----
EYEMEAS 0.6284 0.9785 1.0000 
AVEOBS 0.7718 0.6896 

MNSUBRAT 0.3700 0.8725 0.7838 
SUMTHERR -0.4500 -0.3164 -0.3803 
SUMLlERR 0.3338 0.3400 
RTMTIICOR -0.4258 
R1LTCOR 0.4936 0.4954 
MNALPHA -0.2558 -0.7650 -0.6793 
MNBETA -0.3495 -0.8179 -0.7440 

MNTHETA -0.3943 -0.6022 -0.5429 
ABRATIO -0.6753 -0.5929 
TBRATIO -0.3536 -0.3165 -0.2872 

ATBRATIO -0.2747 -0.5917 -0.5235 
MNEMG -0.5046 
THREOO 0.4938 0.4362 

NUMRLBLK 0.4819 0.4091 
MNHRT -0.3116 -0.3356 

MNSQHRT -0.2845 -0.3142 
VARHRT 
SKJNPOT 0.4270 

AVEOBS MNSUBRAT SUMTHERR SUMLTERR RTMTIICOR R1LTCOR 

----

1.0000 ----
0.7910 1.0000 ----

1.0000 --_. 
0.3467 -0.2581 1.0000 ----
0.4791 0.7528 1.0000 ----
0.5755 0.3068 0.8591 1.0000 
-0.7858 -0.8020 -0.2848 
-0.7523 -0.8341 -0.3323 
-0.5005 -0.6981 0.3335 
-0.7560 -0.7062 

-0.4254 0.5870 0.4269 
-0.5994 -0.6589 
0.5338 0.4040 0.5999 
0.8002 0.5272 0.4321 0.3474 0.6307 
0.7657 0.4871 0.4631 0.4059 0.5553 
-0.3133 -0.2625 -0.3228 -0.3458 -0.4577 
-0.2558 -0.3198 -0.3272 -0.4318 
0.3454 
-0.4701 -0.3782 



tv 
tv 
......:J 

Table K-S 

SIX MINUTE CORRELATIONS FOR SUBJECT 5 
(N=19) 

PERCLOSE AVECWSE EYEMEAS 
PERCLOSE 1.0000 ----
AVECLOSE 0.9739 1.0000 ----
EYEMEAS 0.9904 0.9942 1.0000 
AVEOBS 0.9731 0.9726 0.9780 

MNSUBRAT 0.9563 0.9557 0.9615 
SUMTHERR 
SUMLTERR 0.2985 0.2528 0.2569 
RTMTHCOR 0.4873 0.4996 0.4976 
RTLTCOR 0.7514 0.6951 0.7335 
MNALPHA 0.9764 0.9647 0.9734 
MNBETA 0.9302 0.9246 0.9316 

MNTHETA 0.9002 0.9275 0.9233 
ABRATIO 0.9838 0.9736 0.9812 
TBRATIO 0.2984 0.2672 

ATBRATIO 0.9667 0.9706 0.9724 
MNEMG 
THREOG 0.6004 0.6262 0.6201 

NUMRLBLK 
MNHRT -0.4423 -0.4158 -0.4290 

MNSQHRT -0.4114 -0.3838 -0.3963 
VARHRT 0.3074 0.3429 0.3452 
SKINPOT 0.2545 0.2972 0.2951 

AVEOBS MNSUBRAT SUMTHERR SUMLTERR RTMTHCOR RTLTCOR 

----
1.0000 ----
0.9841 1.0000 _ .. --

1.0000 ----
0.3768 0.3810 -0.3688 1.0000 ----
0.3886 0.3721 0.7550 -0.3676 1.0000 ----
0.7033 0.6702 0.3558 0.4429 1.0000 
0.9820 0.9877 0.3630 0.3996 0.6954 
0.9699 0.9822 0.4462 0.2756 0.6578 
0.9119 0.9176 0.3256 0.4887 0.7485 
0.9816 0.9815 0.3275 0.4754 0.7096 

0.4263 0.5682 0.3386 
0.9568 0.9569 0.2891 0.5470 0.7284 

-0.4918 0.3551 -0.5593 
0.6769 0.7121 0.3739 0.3772 

-0.4168 0.2555 -0.3440 
-0.2917 -0.4128 -0.4422 
-0.2580 -0.4115 -0.4141 
0.3918 0.4226 -0.5949 -0.2926 
0.3478 0.2618 -0.3742 0.3984 



tv 
tv 
00 

TableK .. 6 

SIX MINUTE CORRELATIONS FOR SUBJECT 6 
(N=19) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 ----
AVECLOSE 0.9636 1.0000 ----
EYEMEAS 0.9863 0.9937 1.0000 
AVEOBS 0.9346 0.9778 0.9650 

MNSUBRAT 0.7051 0.6360 0.6646 
SUMTHERR 
SUMLlERR 0.6202 0.5153 0.5557 
RTMTHCOR 0.2826 
RTLTCOR 0.6952 0.5717 0.6223 
MNALPHA 0.7787 0.8210 0.8078 
MNBETA 0.5077 0.5500 0.5314 

MNTHETA 0.6487 0.7497 0.7191 
ABRATIO 0.8580 0.8972 0.8897 
TBRATIO 0.4477 0.5567 0.5263 

ATBRATIO 0.6881 0.7719 0.7503 
MNEMG 
THREOG 0.8131 0.8543 0.8381 

NUMRLBLK 0.5090 0.6357 0.5754 
MNHRT -0.8132 -0.7458 -0.7817 

MNSQHRT -0.7837 -0.7095 -0.7486 
VARHRT 0.3393 0.4613 0.4061 
SKINPOT -0.9309 -0.9437 -0.9430 

----

AVEOBS MNSUBRAT SUMTHERR SUMLTERR RTMTHCOR RlLTCOR 

----
1.0000 ----

0.6730 1.0000 ----
1.0000 ----

0.5467 0.6522 1.0000 ----
0.5407 0.5598 0.3753 1.0000 ----

0.5723 0.7388 0.9278 0.4995 1.0000 I 

0.8576 0.3942 0.3490 0.3274 
0.6112 
0.7817 0.3482 -0.3535 0.2705 
0.9016 0.5334 0.3976 0.3886 
0.5585 0.2874 -0.4319 
0.7752 0.4331 -0.2971 0.2943 

-0.2948 -0.3173 
0.9161 0.5679 -0.2659 0.4941 0.5264 
0.7395 0.3643 -0.2660 0.2724 
-0.6742 -0.5400 -0.4965 -0.5903 
-0.6317 -0.5112 -0.4726 -0.5685 
0.5756 0.3011 -0.3275 0.2513 

L..-.. ().9765 -0.7222 -0.6227 -0.2687 -0.6463 



tv 
tv 
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Table K-7 

SIX MINUTE CORRELATIONS FOR SUBJECT 7 
(N=19) 

PERCLOSE AVECLOSE EYEMEAS 
PERCLOSE 1.0000 ----
AVECLOSE 0.8861 1.0000 ----
EYEMEAS 0.9486 0.9855 1.0000 
AVEOBS 0.7664 0.8579 0.8425 

MNSUBRAT 0.7078 0.8157 0.7927 
SUMTIlERR 0.2805 0.2501 
SUMLTERR 
RTMTIlCOR 0.4738 0.3501 0.4109 
RTLTCOR 0.3995 0.5346 0.5136 
MNALPHA 0.7000 0.6020 0.6455 
MNBETA 0.4008 0.3880 0.3887 

MNTHETA 0.5596 0.5001 0.5253 
ABRATIO 0.7968 0.6824 0.7417 
TBRATIO 0.5897 0.5307 0.5620 

ATBRATIO 0.7481 0.6531 0.7027 
MNEMG 0.4735 0.6031 0.5829 
THREOG 0.5664 0.5725 0.5897 

NUMRLBLK -0.6284 -0.7236 -0.7017 
MNHRT -0.3281 -0.2545 

MNSQHRT -0.3045 
VARHRT 0.4572 0.3844 
SKINPOT 0.4499 0.4329 0.4540 

AVEOBS MNSUBRAT SUMTHERR SUMLTERR RTMTIlCOR RTLTCOR 

----
1.0000 ----
0.9196 1.0000 ----
0.2918 1.0000 ----

1.0000 ----
0.3908 0.3560 0.5985 1.0000 ----
0.4136 0.3184 0.3376 1.0000 
0.6679 0.7132 0.4225 
0.6111 0.7349 0.3165 
0.6258 0.6726 0.4007 0.5530 
0.6248 0.5850 0.2691 0.4186 
0.5779 0.5501 0.6143 0.6093 
0.6426 0.6061 0.4540 0.5383 
0.7061 0.6522 0.5493 0.3993 0.5390 
0.6288 0.5832 0.3557 0.4466 
-0.6344 -0.5444 

0.4898 0.5651 0.2644 
0.3718 0.3839 I 



N 
Vol o 

Table K-8 

SIX MINUTE CORRELATIONS FOR SUBJECT 8 
(N=19) 

PERCLOSE AVECLOSE EYEMEAS 
PERC LOSE 1.0000 ----
AVECLOSE 0.7648 1.0000 ----
EYEMEAS 0.8894 0.9664 1.0000 
AVEOBS 0.4645 0.8539 0.7532 

MNSUBRAT 0.3490 0.4989 0.5479 
SUMTHERR 
SUMLTERR 
RTMTHCOR -0.2533 
RTLTCOR 
MNALPHA 0.5090 0.4407 
MNBETA 0.5508 0.4204 

MNTHETA 0.3078 
ABRATIO -0.3634 
TBRATIO -0.3503 -0.5422 -0.4879 

ATBRATIO -0.4842 -0.3161 
MNEMG 
THREOG 0.3041 0.2539 

NUMRLBLK 
MNHRT -0.6997 -0.5484 

MNSQHRT -0.7013 -0.5493 
VARHRT 
SKIN POT -0.2651 

AVEOBS MNSUBRAT SUMTHERR SUMLTERR RTMTHCOR RTLTCOR 

----
1.0000 ----
0.4848 1.0000 ----

1.0000 ----
1.0000 ----

-0.3125 0.8108 1.0000 ----
0.7492 1.0000 

0.2990 0.3728 -0.3212 
0.4190 -0.3637 

-0.4862 0.2850 -0.2803 
-0.5422 0.3066 
-0.5740 0.3320 -0.2739 

-0.3071 0.2822 
0.4690 0.5435 
0.4543 0.3212 0.2641 
-0.8105 0.3483 0.2601 
-0.8147 0.3498 0.2572 I 

0.3259 0.3276 
-0.3788 0.3349 
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SIGNIFICANCE CORRELA nON VALUES 

a - value 

.Jl5. ..ill 
Averaging 
Interval n t-value r-value t-value r-value 

1 118 1.980 .1808 2.617 .2361 

2 59 2.000 .2561 2.660 .3323 

4 29 2.052 .3673 2.771 .4706 

6 19 2.110 .4556 2.898 .5750 
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N 
W 
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Table M-l 

CORRELATIONS FOR PICK AND CHOOSE DATA FOR SUBJECT 1 
(RESPONSE TIME TO CORRECT LEITER) 
(N=24) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS 
PERCLOSE 1.0000 ----
AVECLOSE 0.9399 1.0000 ----
EYEMEAS 0.9737 0.9922 1.0000 --- .. 
AVEOBS 0.7721 0.9186 0.8748 1.0000 

MNSUBRAT 0.6488 0.8475 0.7844 0.9389 
RTLTCOR 0.7533 0.6286 0.6742 0.4908 
MNALPHA 0.3720 0.3053 0.5413 
MNBETA -0.3489 -0.2531 -0.2896 

MNTHETA 0.9139 0.8517 0.8841 0.7226 
ABRATIO 0.3957 0.6007 0.5385 0.7404 
TBRATIO 0.9366 0.8591 0.8973 0.7091 

ATBRATIO 0.8503 0.9204 0.9089 0.9042 
MNEMG -0.6051 -0.5391 -0.5764 -0.3814 
THREOG -0.2985 

NUMRLBLK -0.7618 -0.6813 -0.7204 -0.6399 
MNHRT -0.8147 -0.8029 -0.8226 -0.6682 

MNSQHRT -0.8109 -0.8020 -0.8208 -0.6661 
VARHRT 

, SKINPOT 0.5201 0.5295 0.5387 0.4081 

MNSUBRAT RTLTCOR I 

----
1.0000 ----
0.4118 1.0000 
0.5896 

-0.4489 
0.6233 0.6558 
0.7589 
0.5968 0.7239 
0.8412 0.5124 
-0.3754 -0.3910 I 

0.2958 -0.3724 
-0.4772 -0.6799 
-0.5635 -0.6543 
-0.5655 -0.6375 

0.4302 0.4030 



N 
W 
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TableM-l 

CORRELATIONS FOR PICK AND CHOOSE DATA FOR SUBJECf 2 
(RESPONSE TIME TO CORRECT LETTER) 
(N=6) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS 
PERCLOSE 1.0000 .... _-
AVECLOSE 0.9340 1.0000 ----
EYEMEAS 0.9608 0.9956 1.0000 ----
AVEOBS 0.9011 0.9683 0.9664 1.0000 

MNSUBRAT 0.6698 0.7327 0.7346 0.8699 
RTLTCOR 0.8886 0.7090 0.7661 0.6575 
MNALPHA 0.6863 0.7960 0.7933 0.8389 
MNBETA -0.6844 -0.5968 -0.6061 -0.5679 

MNTHETA 0.9016 0.8408 0.8702 0.9202 
ABRATIO 0.8482 0.9149 0.9187 0.9513 
TBRATIO 0.9418 0.8556 0.8849 0.9089 

ATBRATIO 0.9021 0.9319 0.9424 0.9739 
MNEMG -0.9372 -0.8891 -0.9222 -0.9008 
THREOG -0.7521 -0.9160 -0.8826 -0.8772 

NUMRLBLK -0.8312 -0.9458 -0.9281 -0.9808 
MNHRT -0.9208 -0.9729 -0.9650 -0.9634 

MNSQHRT -0.9073 -0.9734 -0.9620 -0.9627 
VARHRT 
SKINPOT 0.3470 0.5561 0.5150 0.6954 

MNSUBRAT RTLTCOR 

----
1.0000 ----
0.3948 1.0000 
0.8789 0.4195 

-0.6579 
0.8966 0.7353 
0.9055 0.5988 
0.7846 0.8130 
0.9063 0.6748 
-0.7922 -0.8332 
-0.6877 -0.3960 I 

-0.8744 -0.5087 
-0.7280 -0.6744 
-0.7278 -0.6493 
0.4218 
0.8703 



N 
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TableM-3 

CORRELATIONS FOR PICK AND CHOOSE DATA FOR SUBJECT 4 
(RESPONSE TIME TO CORRECT LETTER) 
(N=3) 

PERCLOSE AVECWSE EYEMEAS AVEOBS 
PERCLOSE 1.0000 _ ....... 

AVECLOSE 0.6639 1.0000 ----
EYEMEAS 0.6417 0.9996 1.0000 ----
AVEOBS -0.9000 -0.2716 1.0000 

MNSUBRAT 0.9119 0.2985 0.2704 -0.9996 
RTLTCOR 0.3029 0.9138 0.9253 
MNALPHA 0.5704 0.5943 0.6355 
MNBETA -0.8400 0.9925 

MNTHETA -0.2900 0.5232 0.5480 0.6781 
ABRATIO 0.3967 0.9498 0.9586 
TBRATIO 0.6517 0.6737 0.5529 

ATBRATIO 0.8148 0.8315 0.3366 
MNEMG -0.9067 -0.9173 -0.9052 0.6323 
THREOG - 1.0000 -0.6600 -0.6377 0.9023 

NUMRLBLK -0.9270 -0.3350 -0.3072 0.9978 
MNHRT 0.5348 -0.2768 -0.3049 -0.8496 

MNSQHRT 0.4324 -0.3872 -0.4141 -0.7822 
VARHRT -0.7010 -0.9987 -0.9968 0.3201 

_SKINPOT 0.8236 0.9709 0.9635 -0.4940 

MNSUBRAT RTLTCOR 

----
1.0000 ----

1.0000 
-0.6136 0.8548 
-0.9887 0.2627 
-0.6572 0.8242 

0.9950 
-0.5293 0.9036 
-0.3101 0.9800 
-0.6538 -0.6766 
-0.9140 -0.2980 
-0.9993 
0.8345 -0.6433 
0.7644 -0.7283 
-0.3466 -0.8920 
0.5182 0.7901 



tv 
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-J 

TableM-4 

CORRELATIONS FOR PICK AND CHOOSE DATA FOR SUBJECT 6 
(RESPONSE TIME TO CORRECT LETTER) 
(N=3) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS 
PERCLOSE 1.0000 ----
AVECLOSE 0.7850 1.0000 ----
EYEMEAS 0.9468 0.9426 1.0000 ----
AVEOBS 0.8353 0.9963 0.9678 1.0000 

MNSUBRAT 0.9006 0.9763 0.9926 0.9912 
RTLTCOR 0.3610 0.8611 0.6420 0.8143 
MNALPHA 0.5493 0.4755 
MNBETA 0.7015 0.4348 

MNTHETA -0.6982 -0.4307 
ABRATIO -0.5967 -0.3067 
TBRATIO -0.7143 -0.4511 

ATBRATIO -0.6860 -0.4153 
MNEMG 0.5865 0.2825 0.5149 
THREOG 0.9067 0.9731 0.9942 0.9893 

NUMRLBLK 0.6757 0.3909 0.6100 
MNHRT -0.7876 - 1.0000 -0.9440 -0.9967 

MNSQHRT -0.8660 -0.9896 -0.9809 -0.9983 
VARHRT 0.2981 0.8253 0.5894 0.7738 
SKINPOT -0.6051 -0.9682 -0.8292 -0.9432 

L. 

MNSUBRAT RTLTCOR 

----
1.0000 ----
0.7305 1.0000 , 

0.3552 0.8979 
• 

0.3219 -0.4114 i 

-0.3176 0.4155 J 
0.5329 

! 

-0.3391 0.3948 
I 

-0.3015 0.4309 
! 

0.3972 0.9169 
• 

0.9999 0.7207 
0.5000 0.9567 
-0.9771 -0.8590 
-0.9973 -0.7790 
0.6834 0.9978 
-0.8910 -0.9609 
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IV 
W 
\0 

Table N-l 

CORRELATIONS FOR PICK AND CHOOSE DATA FOR SUBJECT 1 
(RESPONSE TIME TO CORRECT MATH) 
(N=24) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS 
PERCLOSE 1.0000 ----
AVECLOSE 0.9423 1.0000 ----
EYEMEAS 0.9761 0.9917 1.0000 ----
AVEOBS 0.8159 0.9314 0.8985 1.0000 

MNSUBRAT 0.7475 0.8881 0.8515 0.8922 
RTMTHCOR 0.7281 0.6372 0.6854 0.5664 
MNALPHA 0.3654 0.3125 0.4097 
MNBETA -0.4521 -0.3096 ·0.3710 

MNTHETA 0.9338 0.8603 0.8976 0.7242 
ABRATIO 0.5159 0.6342 0.6022 0.6415 
TBRATIO 0.9466 0.8525 0.8984 0.7094 

ATBRATIO 0.8973 0.8986 0.9117 0.8084 
MNEMG -0.7087 -0.6362 -0.6734 -0.5221 
THREOG -0.4364 -0.2697 -0.3325 

NUMRLBLK -0.8422 -0.8434 -0.8548 -0.6884 
MNHRT -0.8647 -0.8775 -0.8884 -0.7683 

MNSQHRT -0.8645 -0.8796 -0.8896 -0.7709 
VARHRT 
SKINPOT 0.4573 _, 0.51?4~_ L- 0.5032 0.3835 -_._ ..... _--

MNSUBRAT RTMTHCOR 

... ---
1.0000 ... ---
0.5015 1.0000 
0.4923 

-0.6550 
0.7050 0.6886 
0.6703 
0.6663 0.7805 
0.7954 0.5660 
-0.5106 -0.3125 

-0.4169 
-0.6451 -0.5598 
-0.7145 -0.7312 
-0.7162 -0.7188 

'----_0.5768 0.2684 
-



tv 
~ o 

TableN-2 

CORRELATIONS FOR PICK AND CHOOSE DATA FOR SUBJECT 2 
(RESPONSE TIME TO CORRECT MATH) 
(N=18) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS 
PERCLOSE 1.0000 ----
AVECLOSE 0.8164 1.0000 ----
EYEMEAS 0.8789 0.9903 1.0000 ----
AVEOBS 0.7932 0.9584 0.9570 1.0000 

MNSUBRAT 0.6019 0.8971 0.8646 0.9441 
RTMTHCOR 0.3379 
MNALPHA 0.4220 0.6452 0.6191 0.6199 
MNBETA -0.5869 -0.6029 -0.6194 -0.5938 

MNTHETA 0.6717 0.8434 0.8412 0.8416 
ABRATIO 0.6924 0.8881 0.8769 0.8640 
TBRATIO 0.7577 0.8700 0.8820 0.8660 

ATBRATIO 0.7572 0.9413 0.9362 0.9215 
MNEMG -0.6745 -0.6802 -0.7014 -0.6463 
THREOG -0.6340 -0.8850 -0.8621 -0.8721 

NUMRLBLK -0.7564 -0.9598 -0.9467 -0.9606 
MNHRT -0.8349 -0.8586 -0.8838 -0.8695 

MNSQHRT -0.8275 -0.8554 -0.8781 -0.8633 
VARHRT -0.4224 -0.3080 -0.3255 -0.2787 

,-SKINPOT 0.3952 0.6889 0.6489 0.7692 

MNSUBRAT RTMTHCOR 

----
· 

1.0000 ----
· 

1.0000 
0.6701 · 

-0.5058 -0.3658 I 

0.8174 0.4661 
0.8621 I 

0.7989 0.5212 
0.9003 
-0.5518 -0.2875 
-0.8468 
-0.9325 -0.2537 
-0.7161 -0.3121 
-0.7122 -0.2988 

0.8800 



tv 
..J::,. 

"""'" 

TableN-3 

CORRELA nONS FOR PICK AND CHOOSE DATA FOR SUBJECT 3 
(RESPONSE TIME TO CORRECT MATH) 
(N=3) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS 
PERCLOSE 1.0000 --_ .. 
AVECLOSE 0.9581 1.0000 ----
EYEMEAS 0.9828 0.9945 1.0000 _ .... --

AVEOBS 0.8283 0.9540 0.9175 1.0000 
MNSUBRAT 0.6996 0.8749 0.8195 0.9798 
RTMTHCOR 0.6871 0.4503 0.5412 
MNALPHA 0.9171 0.9929 0.9750 0.9830 
MNBETA -0.4515 -0.2791 

MNTHETA 0.9996 0.9662 0.9879 0.8445 
ABRATIO 0.9690 0.8578 0.9068 0.6643 
TBRATIO 0.9922 0.9151 0.9522 0.7521 

ATBRATIO 0.9850 0.8942 0.9361 0.7190 
MNEMG 0.3687 0.2695 0.6303 
THREOG 0.9988 0.9431 0.9727 0.8000 

NUMRLBLK -0.7515 -0.5311 -0.6168 -0.2528 
MNHRT -0.9718 -0.9986 -0.9986 -0.9370 

MNSQHRT -0.9707 -0.9989 -0.9984 -0.9386 
VARHRT -0.2505 0.3350 
SKINpGT _ , -0.655~ '--- -0.8443 -0.7837 -0.9661 

MNSUBRAT RTMTIICORi 

----
1.0000 ----

1.0000 
0.9264 0.3406 
0.3216 -0.9585 
0.7205 0.6653 i 

0.5016 0.8452 
0.6053 0.7722 
0.5656 0.8023 I 

0.7727 -0.6639 
0.6641 0.7217 

-0.9957 
-0.8483 -0.4966 
-0.8508 -0.4925 
0.5165 -0.8755 
-0.9982 



~ 
N 

TableN-4 

CORRELATIONS FOR PICK AND CHOOSE DATA FOR SUBJECT 4 
(RESPONSE TIME TO CORRECT MATH) 
(N=9) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS 
PERCLOSE 1.0000 ----
AVECLOSE 1.0000 ----
EYEMEAS 0.2971 0.9830 1.0000 --_ .... 
AVEOBS 0.3881 0.4099 1.0000 

MNSUBRAT 0.5857 0.4907 0.5597 
RTMTHCOR -0.3817 -0.3720 0.4016 
MNALPHA -0.3929 -0.7087 -0.6652 -0.5314 
MNBETA -0.4327 -0.8177 -0.7806 

MNTHETA -0.3419 -0.2785 
ABRATIO -0.3676 -0.5503 -0.5237 -0.6887 
TBRATIO 0.2757 

ATBRATIO -0.3767 -0.2943 -0.5816 
MNEMG -0.3066 -0.3341 0.6601 
THREOG 0.8545 

NUMRLBLK 0.6845 
MNHRT -0.5892 -0.5878 

MNSQHRT -0.6037 -0.6029 
VARHRT -0.2986 -0.5992 -0.5994 0.4134 
SKINPOT -0.4699 -0.4606 -0.8430 

MNSUBRAT RTMTHCOR 

----
1.0000 ----

1.0000 
-0.9028 
-0.7028 0.2990 
-0.8115 
-0.8582 
-0.4931 
-0.8641 
0.2704 0.6029 
0.2983 0.3917 

0.5834 
-0.7001 -0.3516 



N 
~ w 

Table N-S 

CORRELATIONS FOR PICK AND CHOOSE DATA FOR SUBJECf 5 
(RESPONSE TIME TO CORRECT MATH) 
(N=9) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS 
PERCLOSE 1.0000 -_ ... 
AVECLOSE 0.9830 1.0000 ----
EYEMEAS 0.9907 0.9981 1.0000 -._. 
AVEOBS 0.9416 0.9475 0.9556 1.0000 

MNSUBRAT 0.9197 0.9138 0.9281 0.9889 
RTMTHCOR 
MNALPHA 0.9491 0.9360 0.9496 0.9672 
MNBETA 0.8712 0.8717 0.8801 0.9412 

MNTHETA 0.5078 0.4390 0.4775 0.6548 
ABRATIO 0.9601 0.9410 0.9577 0.9633 
TBRATIO -0.4311 -0.5163 ·0.4787 -0.3441 

ATBRATIO 0.8599 0.8113 0.8413 0.8925 
MNEMG -0.2804 -0.2702 -0.2721 
THREOG 0.3309 0.3009 0.3080 0.4165 

NUMRLBLK -0.3614 -0.3919 -0.3722 
MNHRT -0.5343 -0.5332 -0.5206 -0.2707 

MNSQHRT -0.5136 -0.5129 -0.5002 
VARHRT 0.2530 0.3164 
SKINPOT 0.5575 0.5977 0.5946 0.7488 

MNSUBRAT RTMTHCOR 

----
1.0000 ----

1.0000 
0.9693 
0.9485 
0.7395 0.2677 
0.9677 

0.4210 
0.9333 0.3208 

-0.3094 
0.4451 -0.5495 

-0.3178 

• 

. 

0.3250 -0.4971 
0.7292_ ~ .. Q.4305 



tv 

t 

TableN-6 

CORRELATIONS FOR PICK AND CHOOSE DATA FOR SUBJEer 6 
(RESPONSE TIME TO CORRECT MATH) 
(N=21) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS 
PERCLOSE 1.0000 ----
AVECLOSE 0.9510 1.0000 ----
EYEMEAS 0.9820 0.9913 1.0000 ----
AVEOBS 0.9128 0.9693 0.9542 1.0000 

MNSUBRAT 0.7407 0.6916 0.7173 0.7411 
RTMTHCOR 
MNALPHA 0.7165 0.7761 0.7608 0.7941 
MNBETA 0.4274 0.4836 0.4665 0.4644 

MNTHETA 0.6201 0.6796 0.6654 0.6946 
ABRATIO 0.7671 0.8153 0.8048 0.8606 
TBRATIO 0.5886 0.6397 0.6295 0.6729 

ATBRATIO 0.7060 0.7579 0.7471 0.7988 
MNEMG -0.4668 -0.4110 -0.4478 -0.3629 
THREOG 0.7511 0.7494 0.7558 0.7687 

NUMRLBLK 0.2602 
MNHRT -0.8418 -0.7980 -0.8300 -0.7642 

MNSQHRT -0.8270 -0.7826 -0.8152 -0.7454 
VARHRT 
SKINPOT -0.8528 -0.8924 -0.8848 -0.9559 

, 

MNSUBRAT RTMTHCOR 

----
1.0000 ----
0.2615 1.0000 
0.4010 

-0.2780 
0.3346 

, 

0.6749 , 

0.4962 
0.6097 
-0.5336 
0.4643 

-0.6371 
-0.6171 

-0.7696 
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tv 
.f;lo. 
0\ 

Table 0-1 

CORRELATIONS FOR PICK AND CHOOSE DATA FOR SUBJEcr I 
(SUM OF LETTER ERRORS) 
(N=18) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS 
PERCLOSE 1.0000 -.... -
AVECLOSE 0.9574 1.0000 ----
EYEMEAS 0.9847 0.9925 1.0000 ----
AVEOBS 0.8375 0.9543 0.9147 1.0000 

MNSUBRAT 0.7617 0.8985 0.8515 0.9623 
SUMLTERR 0.6879 0.6271 0.6524 0.5134 
MNALPHA 0.2714 0.4630 
MNBETA -0.5828 -0.5188 -0.5541 -0.3756 

MNTHETA 0.9439 0.9129 0.9335 0.8138 
ABRATIO 0.3822 0.5726 0.5050 0.7011 
TBRATIO 0.9674 0.9296 0.9542 0.8144 

ATBRATIO 0.9144 0.9747 0.9618 0.9471 
MNEMG -0.6482 -0.4932 -0.5603 -0.3219 
THREOG -0.4895 -0.3135 -0.3882 

NUMRLBLK -0.8663 -0.8528 -0.8716 -0.7462 
MNHRT -0.8518 -0.8761 -0.8789 -0.7900 

MNSQHRT -0.8398 -0.8649 -0.8671 -0.7777 
VARHRT 
SKINPQT _ 0.~J17 .. 0.5631 __ ~. 0.5584 0.5566 

MNSUBRAT SUMLTERR, 
, 

, 

---- : 

1.0000 --_ ... 
0.5195 1.0000 I 

0.4901 
I 

-0.3278 -0.3123 
0.7425 0.6175 
0.7021 
0.7409 0.6266 
0.8917 0.5756 

-0.4150 
-0.3144 

, 

-0.6603 -0.4721 
-0.7572 -0.5604 
-0.7480 -0.5484 

0.4754 0.3127 
-



tv 
~ 
-.) 

Table 0-% 

CORRELATIONS FOR PICK AND CHOOSE DATA FOR SUBJECT 6 
(SUM OF LEITER ERRORS) 
(N=3) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS 
PERCLOSE 1.0000 _ ... _-
AVECLOSE 0.7736 1.0000 - .... 

EYEMEAS 0.8932 0.9759 1.0000 ----
AVEOBS 0.7650 0.3936 1.0000 

MNSUBRAT 0.8616 0.3450 0.5414 0.9860 
SUMLTERR 0.4924 0.9372 
MNALPHA -0.9346 -0.4977 -0.6749 -0.9440 
MNBETA -0.7357 -0.5703 0.5307 

MNTHETA -0.7771 -0.4110 -0.9998 
ABRATIO -0.6574 -0.9882 
TBRATIO -0.6337 -0.9830 

ATBRATIO -0.6443 -0.9854 
MNEMG -0.4425 0.8002 
THREOG -0.5638 -0.3701 0.7083 

NUMRLBLK 0.4924 0.9372 
MNHRT 0.9014 0.4229 0.6103 0.9684 

MNSQHRT 0.8095 0.2542 0.4590 0.9974 
VARHRT -0.7277 -0.5606 0.5406 
SKINPOT -0.5216 -0.9485 

MNSUBRAT SUMLTERR.J 

----

1.0000 ----
0.8660 1.0000 
-0.9858 -0.7697 
0.3819 0.7929 I 

-0.9890 -0.9304 I 

-0.9489 -0.9796 
-0.9386 -0.9853 
-0.9433 -0.9829 
0.6890 0.9591 
0.5807 0.9100 
0.8660 1.0000 
0.9964 0.8207 
0.9955 0.9096 
0.3928 0.8000 
-0.8824 -0.9994 
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tv 

~ 

Table P-l 

CORRELATIONS FOR PICK AND CHOOSE DATA FOR SUBJECT 1 
(SUM OF MATH ERRORS) 
(N=15) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS 
PERCLOSE 1.0000 ----
AVECLOSE 0.9442 1.0000 ----
EYEMEAS 0.9792 0.9901 1.0000 ----
AVEOBS 0.8781 0.9787 0.9517 1.0000 

MNSUBRAT 0.8897 0.9393 0.9364 0.9383 
SUMTHERR 0.6159 0.5324 0.5691 0.4812 
MNALPHA 0.2853 0.5100 0.4265 0.5749 
MNBETA -0.4188 -0.3044 -0.3721 -0.2592 

MNTHETA 0.9318 0.8631 0.9043 0.8051 
ABRATIO 0.4650 0.6566 0.5953 0.7098 
TBRATIO 0.9491 0.8651 0.9122 0.8033 

ATBRATIO 0.9116 0.9659 0.9644 0.9525 
MNEMG -0.6118 -0.4603 -0.5392 -0.3663 
THREOG -0.4111 -0.2195 -0.3656 

NUMRLBLK -0.8490 -0.1958 -0.8318 -0.7413 
MNHRT -0.8920 -0.9204 -0.9319 -0.9051 

MNSQHRT -0.8913 -0.9222 -0.9327 -0.9072 
VARHRT 
SKINPOT 0.5421 0.6513 0.6328 0.7073 

-

MNSUBRAT SUMTHERR 

----
1.0000 ----
0.4542 1.0000 
0.5079 -0.3350 
-0.4560 -0.3735 
0.8136 0.7391 
0.7129 
0.8320 0.7554 
0.9742 0.4172 
-0.4009 

-0.4347 
-0.8090 -0.3624 
-0.9093 -0.5050 
-0.9092 -0.4944 

0.7613 



N 
fJl o 

Table P·2 

CORRELATIONS FOR PICK AND CHOOSE DATA FOR SUBJECT 2 
(SUM OF MATH ERRORS) 
(N=12) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS 
PERCLOSE 1.0000 ----
AVECLOSE 0.8389 1.0000 ----
EYEMEAS 0.9093 0.9853 1.0000 ----
AVEOBS 0.8431 0.9716 0.9651 1.0000 

MNSUBRAT 0.5349 0.7789 0.7437 0.8509 
SUMTHERR 
MNALPHA 0.2656 0.5086 0.4457 0.4590 
MNBETA -0.7855 -0.6927 -0.7401 -0.7705 

MNTHETA 0.7086 0.8225 0.8312 0.8520 
ABRATIO 0.6243 0.7889 0.7582 0.7782 
TBRATIO 0.8162 0.8409 0.8745 0.8893 

ATBRATIO 0.7378 0.8661 0.8555 0.8752 
MNEMG -0.7326 -0.9119 -0.8957 -0.9329 
THREOG -0.4846 -0.5902 -0.5280 -0.5751 

NUMRLBLK -0.7844 -0.9259 -0.8996 -0.9167 
MNHRT -0.8515 -0.9603 -0.9675 -0.9576 

MNSQHRT -0.8419 -0.9663 -0.9674 -0.9644 
VARHRT -0.5217 -0.6058 -0.5603 -0.6142 
SKINPOT 0.4033 0.6150 0.5793 0.7197 

--.-..... --.-...... ~ 

MNSUBRAT SUMTHERR
1 

I 

.""--
1.0000 ----
0.3220 1.0000 
0.4713 
-0.4917 -0.2588 
0.7270 0.4147 
0.6537 
0.6764 0.4122 
0.7107 
-0.7875 
-0.3645 
-0.6990 
-0.8317 -0.3133 
-0.8425 -0.2999 
-0.3478 
0.9369 0.3175 



tv 
v-
J--l 

Table P-3 

CORRELA TIONS FOR PICK AND CHOOSE DATA FOR SUBJECT 4 
(SUM OF MATH ERRORS) 
(N=3) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS 
PERCLOSE 1.0000 ----
AVECLOSE 0.7969 1.0000 -........ -
EYEMEAS 0.9158 0.9724 1.0000 ----
AVEOBS -0.8660 -0.9922 -0.9939 1.0000 

MNSUBRAT 0.6777 0.4875 -0.5807 
SUMTHERR -0.8660 -0.9922 -0.9939 1.0000 
MNALPHA -0.7179 -0.9926 -0.9371 0.9698 
MNBETA -0.6650 -0.9811 -0.9090 0.9493 

MNTHETA -0.6404 -0.9743 -0.8950 0.9386 
ABRATIO -0.8828 -0.9873 -0.9971 0.9994 
TBRATIO -0.5645 -0.9485 -0.8485 0.9016 

ATBRATIO -0.8370 -0.9976 -0.9863 0.9985 
MNEMG -0.5334 -0.9361 -0.8283 0.8849 
THREOG -0.9284 -0.9643 -0.9995 0.9898 

NUMRLBLK -0.4426 0.3273 
MNHRT -0.6648 -0.9811 -0.9089 0.9492 

MNSQHRT -0.6231 -0.9691 -0.8848 0.9307 
VARHRT -0.3428 -0.8407 -0.6913 0.7666 

_SKINPOT 0.6100 0.9648 0.8769 -0.9245 

MNSUBRAT SUMTHERR 

----
1.0000 ---.... 

-0.5807 1.0000 
-0.7617 0.9698 
-0.8071 0.9493 
-0.8259 0.9386 
-0.5522 0.9994 
-0.8757 0.9016 
-0.6249 0.9985 
-0.8931 0.8849 
-0.4589 0.9898 
-0.9594 0.3273 
-0.8073 0.9492 
-0.8382 0.9307 
-0.9679 0.7666 
0.8472 -0.9245 



N 
V. 
N 

Table P-4 

CORRELATIONS FOR PICK AND CHOOSE OAT A FOR SUBJECT 5 
(SUM OF MATH ERRORS) 
(N=3) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS 
PERCLOSE 1.0000 ----
AVECLOSE 0.9772 1.0000 .. _--
EYEMEAS 0.9814 0.9998 1.0000 ... ---
AVEOBS 0.9944 0.9942 0.9962 1.0000 

MNSUBRAT -0.4324 -0.6139 -0.5974 -0.5252 
SUMTHERR 0.9824 0.9997 1.0000 0.9966 
MNALPHA 0.8599 0.7319 0.7459 0.8011 
MNBETA -0.9702 -0.8966 -0.9056 -0.9391 

MNTHETA 0.9988 0.9865 0.9897 0.9984 
ABRATIO 0.8859 0.7673 0.7804 0.8320 
TBRATIO 0.9985 0.9643 0.9696 0.9873 

ATBRATIO 0.9149 0.8083 0.8204 0.8671 
MNEMG -0.9497 -0.8616 -0.8720 -0.9114 
THREOG -0.9481 -0.8591 -0.8695 -0.9093 

NUMRLBLK -0.9185 -0.9815 -0.9773 -0.9551 
MNHRT -0.9271 -0.9855 -0.9818 -0.9615 

MNSQHRT -0.9560 -0.9965 -0.9945 -0.9817 
VARHRT -0.9673 -0.8915 -0.9007 -0.9352 
SKINPOT 0.7573 0.8786 0.8685 0.8220 

~ ~-

MNSUBRAT SUMTHERR 

w .. __ 

1.0000 ----
-0.5934 1.0000 

0.7492 
-0.9077 

-0.4765 0.9904 
0.7836 

-0.3831 0.9709 
0.8232 
-0.8744 
-0.8720 

0.7537 -0.9762 
0.7389 -0.9808 
0.6778 -0.9940 

-0.9029 
-0.9163 0.8660 



N 
t.fI 
W 

Table P-S 

CORRELATIONS FOR PICK AND CHOOSE DATA FOR SUBJECT 6 
(SUM OF MATH ERRORS) 
(N=12) 

PERCLOSE AVECLOSE EYEMEAS AVEOBS 
PERCLOSE 1.0000 ----
AVECLOSE 0.9565 1.0000 ... ---
EYEMEAS 0.9815 0.9936 1.0000 ----
AVEOBS 0.8713 0.9521 0.9244 1.0000 

MNSUBRAT 0.7726 0.7049 0.7281 0.6571 
SUMTHERR 
MNALPHA 0.8082 0.8593 0.8451 0.8713 
MNBETA 0.5006 0.5315 0.5122 0.6346 

MNTHETA 0.7701 0.8598 0.8336 0.8667 
ABRATIO 0.8577 0.9228 0.9165 0.8297 
TBRATIO 0.6173 0.7319 0.7082 0.6421 

ATBRATIO 0.7760 0.8684 0.8533 0.7730 
MNEMG -0.4440 -0.3388 -0.4076 
THREOG 0.4904 0.5180 0.4989 0.6527 

NUMRLBLK 0.4731 
MNHRT -0.8202 -0.8232 -0.8314 -0.7354 

MNSQHRT -0.8153 -0.8098 -0.8221 -0.7065 
VARHRT 
SKINPOT -0.8594 -0.9278 -0.9064 -0.9678 

MNSUBRAT SUMTHERR 

I 

_ ... --
1.0000 _ ... _-

1.0000 
0.5475 -0.5380 

-0.6830 
0.5424 -0.4413 
0.7255 

~ 

0.5572 
0.6738 
-0.3350 

-0.4832 

-0.5805 
-0.5727 

I 

-0.6641 0.3334 



APPENDIXQ 

Lynne Ellsworth's Vita 

254 



School Address 
1021 Montgomery Street 
Blacksburg. V A 24060 
(703) 951-4599 Home 
(703) 231-9084 Work 

Lynne A. Ellsworth 

Objective 

Permanent Address 
5350 Jennifer Drive 
Fairfax. V A 22032 
(703) 250-4617 

An engineering position in a human factors environment; primary areas of imerest include: transpol1ation. 
safety. rehabilitation, design for the aged. human perfonnance. systems research & development, test & 
evaluation. user-computer interface design. 

Education 

M.S.. Industrial and Systems Engineering. Human Factors Option and Safety Engineering Option. 
May 1993. Virginia Polytechnic Institute and State University. Blacksburg. Virginia. 
Current GPA ·3.97/4.0 

B.S., Industrial and Systems Engineering. December 1990. Virginia Polytechnic Institute and State 
University, Blacksburg. Virginia. 
Overall GPA ·3.49/4.0 

Experience 

Graduate Prqject Assistant; Vehicle Analysis Laboratory. Virginia Polytechnic Institute and State 
University, Industrial and Systems Engineering Depanment. Blacksburg. Virginia, June 1992 to Present. 
January 1992 to June 1992. 

• Conducted a study directed at developing practical methods for detecting drivers who are impaired by 
drowsiness. fatigue. time-on-task. and sleep deprivation on a grant from the National Highway 
Traffic Safety Administration (NHTSA) 

• Determined a definition of fatigue and drowsiness by refining the slow eyelid droop and closure 
definition with the inclusion of other physiological or driver response measures 

• Responsible for computer programming of data acquisition, research design. and statistical analysis 
of data 

• Conducted study to determine the accuracy and consistency of raters when rating the level of 
drowsiness of sleep deprived individuals. Determined intrarater reliability. test-retest reliability and 
interrater reliability (this study is pan of the NHTSA project) 

• Evaluated an alternative vehicle display system on a grant from General Motors 
• Compared automobile driver control systems to determine the system with minimal visual attention 

demand 
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Lynne A. Ellsworth 

Research As$istagt Rehabilitation Assessment Laboratory, Virginia Polytechnic Institute and State 
University, Industrial and Systems Engineering Department. Blacksburg. Virginia. January 1991 to May 
1992, August 1992 to December 1992. 

• Developed and tested a wheelchair for use by patients with cerebral palsy 
• Performed a Human Factors product evaluation of an electronic pill dispenser 

Graduate Ieacbjol AMistagt; Virginia Polytechnic Institute and State University. Industrial and Systems 
Engineering Deparunent,Blacksburg. Virginia. January 1991 to May 1991. August 1991 to December 
1991. 

• Introduction To HlIIIIlIn Factors EngiMering: Assisted in teaching. test design and course grading 
• Work Methods tuJd MetlSurements Engineering: Taught instructionallaroratory class 

Igdustrial Egaigeeri United Parcel Service (UPS). Richmon~ Virginia. May 1989 to August 1989. 

• Performed time studies in order to obtain vital information on pickup routes. 
• Evaluated company methods and developed written methods. 
• Developed new pickup routes USing a traDsp<l."Wion simulation model and manually tested new 

routes. 

Industrial Epaineeri Bureau of Engraving and Printing, U.S. Department of the Treasury, Washington. 
D.C., September 1988 to January 1989. January 1988 to May 1988 

• Implemented methods of ordering practices and inventory policies. 
• Wrote training procedures for the Accounts Payable Division. 
• Created databases and user documentations for tracking government contracts 
• Reviewed proposed Government Contracts for compliance with Competition in Contracting Act laws 
• Assisted in cost justifications for capital equipment and conducted studies of agency methods 

Computer Packages: 
SuperAnova 
Microsoft Word 

Programming Languages: 

Computer SkUls 

Minitab 
Dbase 

FORTRAN 

Lotus 123 
Microsoft Excel 

Quick Basic SAS 

Activities and Honors 

• Human Factors. Society 
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• American Society of Safety Engineers (ASSE) 

• Institute of Industrial Engineers 

• Industrial Engineering Honor Society (Alpha Pi Mu) 

• Engineering Honor Society (Phi Kappa Phi) 

• Gamma Beta Phi honor society 

• Dean's Ust: Spring and Fall 1991. Spring and Fall 1992. Spring 1993 
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