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This report will cover the work accomplished under this 
grant in the six month interval since the Interim Report of 

March 1966.»During this period this Work âáè focused on two main 
areas: 

I. Basic Stress Research 

. Preparation of scientific papers for publication and continued analysis 
of the data generated in the major experiment conducted during the first 
grant year* 

/ 

A. Further(analyses of the skin resistance 
B. Heart rate, J 

C. /Pulse wave velocity, and, 
D. CatecholaminesJ, * 

II. Polygraph JBtudy 

A. Introduction 
B. (Polygraph Study Design> 
C. Rasures,and Physical Situation • . 

A revision of the scientific paper meAtioned in the March, 1966, 
Interim Report was completed. This paper, entitled "Personality and Arousal 
Correlates of Specific GSR's" has been accepted for publication in the 
journal Psychophysiology and will appear in print in the near future. 

Another paper, "Psychophysiological Indices of Stress Tolerance" was 
presented in the predictive medicine section of a symposium on Biomedical 
Instrumentation, sponsored by the Instrument Society of America. This 
paper incorporated some of the results of this research as well as earlier 
work and will be published as a chapter in a book to be published by 
Plenum fress • ^ 

The reader is referred to the September, I965 First Annual Reoort 
for a detailed discussion of the design of the experiment, further*results 
of which are reported below. Briefly, 32 medical and dental students were 
tested on four occasions at monthly intervals. They were subjected to 

multiple presentations of five different intensities of constant frequency 
sound and five different intensities of white light. The physiological 
measures recorded in each session were one channel of the EEG (left- 
occipital-parietal), basal skin resistance, galvanic skin response, 

electrocardiogram (lead 1), finger plethysmogram and muscle potential. 
In addition, urines were collected and the levels of norepinephrine and 
epinephrine determined on the second and third testings. The first 

testing was directed towards investigating the effects of unfamiliarity 
with the laboratory situation; the second testing was a basal one; the second test¬ 
ing was a basal one; the third was immediatel/ prior to comprehensive 
examinations in the student's course work and was assumed to be a 

* The March I966 Interim Report is included in this report as Appendix A. 



condition of real life stress; the fourth and final testing was 

again a basal one. In addition to the physiological measures, 
extensive psychological test data uas also obtained on each sub¬ 

ject, including the Minnesota Multiphasic Personality Inventory, 

the California Personality Inventory, the Wechsler Adult Intel¬ 

ligence Scale, the Barrier score from the Holtman Ink Blot Test, 
the Atkinson-McClelland Need Achievement score from the Thematic 

Apperception Test, the Clyde Mood Scale and a so-called "Inventory 

of Attitudes" designed to elicit the amount of anxiety precipitated 

by the specific stimulus of intending examinations. Previous re¬ 
ports have presented the results of the basal skin resistance and 

GSR data from this experiment, the psychological test data and the 

interrelationship's between these two types of information. This 

portion of this report will focus upon: 

A. Further analyses of the skin resistance data 

B. Heart rate 
C. Pulse wave velocity, and, 

D. Catecholamines 

The results obtained from the analysis of the aforementioned 

physiological measures will be presented in graphic fonu on the 
accompanying figures. Tables of the relevant statistical analyses 

have not been included but probability levels related to the dif¬ 

ferences shown are indicated on the figures. 

A. Further analyses of skin resistance data. 

1. In the March, 1966 Interim Report, reference was made 

to work on the development of a computer program for analysis of 

variance for repeated measures. That program was completed and 

was applied to the re-analysis of the GSR data previously reported. 

As predicted, the results did not differ appreciably from those 

previously reported; levels of confidence for the differences 

previously reported were reduced in some instances and in a few 

instances failed to achieve usually acceptable levels of statis¬ 

tical significance. None of the previously reported major con¬ 

clusions in regard to the effect of intensity, modality of 
stimulation, habituation effects, psychological group differences 

or level of consciousness effects were altered, however. 

2. Basal skin resistance differences 

The March, 1966 Interim Report also referred to dif¬ 

ferences in basal skin resistances between high and low ego strength 

groups and between alert and drowsy groups in connection with the co- 

variance correction of GSR differences. These basal skin resistance 

differences are of interest in their own right, however, and are 

presented in Figures 1 A through 3 B. Figure 1 A presents the mean 

basal skin resistance prior to sound stimulation of two groups of 

subjects, ten high ego strength and ten low ego strength, each group 

balanced for the alert-drowsy dimension. As noted on the abcissa 

of this graph, the differences are significant only during the March 



(real life stress) testing. This finding might well he attributable 

to chance were it not for the parallel significant difference shown 

for the mean basal skin resistance levels prior to light stimulation 

shown in Figure 1 B and the similar differences shown in Figures 

2 A and 2 B. In the latter instances, only alert subjects were com¬ 

pared and the differences were significant in every instance except 
the February testing, sound, and the April testing, light. 

Figures J A and 3 B depict the differences when groups are 
comprised on the basis of the alert-drowsy dimension. Drowsy sub¬ 

jects have higher mean skin resistance levels than alert subjects 

and these differences are significant, except in those instances 

when the N is reduced because of a small number of either alert or 
drowsy subjects in a particular testing. 

We regard these findings to be potentially important in at least 

three ways. First, they emphasize once again the importance of more 
accurately defining the level of consciousness in interpreting phy¬ 

siological data; it seems quite probable to us that a more refined 

definition of level of consciousness, particularly along the alert 

end of the consciousness continuum, will permit more accurate 

weighting of this variable in the interpretation of skin resistance 
data and other physiological measures as well. Second, the differen¬ 

ces in groups defined on the basis of psychological criteria points 

up once again the importance of taking psychological factors into 

account. Of particular interest in this respect is the sharp rise 

in skin resistance (i*e., fall in conductance) of the low Es group 
on the March testing. As we shall see later, this finding is 

parallel to changes in catecholamine levels on that testing. Third, 

the basal skin resistance appears to provide information in addition 

to that provided by the GSR alone; this suggests that both should be 

recorded in any application where there is an interest in the effects 
of stimulus intensity. 

B. Heart Rate 

As we indicated in earlier progress reports, heart rate and 

eleven pulse-wave parameters (Cf. C. Pulse wave velocity) on the 

January testing were scored on the Oskar X. For this first testing, 

a computer program was therefore written to convert R-R intervals to 
millimeters and for the February, March and April testings these in¬ 

tervals were hand scored to the nearest 0.5 mm. This hand scoring, 

as might be guessed, was an extremely time consuming process. 

In general, the findings in relation to heart rate were dis¬ 

appointing. Although differences in relation to intensity, modality 

of stimulation and psychological grouping were found which paralleled 

those already reported for the galvanic skin response, the differences 

often failed to achieve statistical significance. However, because 

of their consistency, they are presented in Figures 4 A through 7 B. 

These figures show differences in relation to intensity of stimulation 
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across all runs and differences in runs across all intensities. 

Within runs (testings) values showed considerable variability 

and generally failed to achieve statistical significance. All 

graphs (4 A - 7 B) show change in heart rate from pre-stimulus 

levels in millimeters; however, as indicated on the legend of 

Figure 4 A, each mm. of change represents 1.97 beats per minute 

of change from pre-stimulus levels. 

The first step in the examination of the heart rate data was 

the plotting of beat by beat changes during each ten second epoch 

following each two seconds of sound or light stimulation. This 

plotting revealed that there was a tri-phasic response to these 

forms of simple stimulation. There was an initial acceleration 
within the first five to six beats following the onset of stimu¬ 

lation (the exact point depended upon each individual's pre¬ 

stimulus rate); followed by a deceleration during beats six, 

seven, eight and nine; followed in turn by another acceleration 

in the last J beats of each stimulus epoch. Four heart rate means 

were therefore calculated for each stimulus epoch: l) The mean 
of the two fastest beats in the first five beats of each stimulus 

epoch, 2) the mean of the two slowest beats among six, seven, 

eight and nine, 5) the mean of the fastest two of the last three 
beats in each stimulus epoch and 4) the mean of the two fastest 

beats in the full ten seconds following the onset of the stimula¬ 

tion. In general, the last mean corresponded to the first ac¬ 
celerative mean and differed very little from the mean of the two 

fastest in the last three beats of the epoch. Only the results 

of this mean of the two fastest beats in the stimulus epochs and 

the mean of the two slowest of six, seven, eight and nine are de¬ 

picted in the following figures, therefore. 

Figure 4 A shows the appi-oximately linear relationship between 

stimulus intensity and cardiac acceleration, significant beyond the 

.001 level. Differences between the high and low ego strength group 

are also shown but are not significant. Figure l B shows the mean 
acceleration across all intensities of stimulation on each testing, 

January through April. Again, the differences between the groups 

constituted on the basis of psychological criteria is evident and 

consistent, but not significant. Moreover, Inhere is no significant 

difference between the testings although the rise of the high ego 

strength group on the March testing is apparent. The failure to 

achieve statistical significance is related to two factors — the 

relative unresponsiveness of heart rate to these forms of stimula¬ 

tion (the greatest mean acceleration never exceeded 6 beats per 

minute) and the large variance of the subjects within groups. 

Figure 5 A shows the mean heart rate acceleration in response 

to light stimulation in relation to intensity. In this instance, 

both the intensity and the group by intensity interactions are sig¬ 

nificant. The variabilicy that response is again evident, however, 

i a.* • 
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along with an even lower level of responsivity than that obtained 

with sound stimulation. 

Figure 5 B shows the heart rate acceleration to light stimu¬ 

lation across all intensities within each testing. Again the 

consistency of the group differences is evident but they fail to 

achieve significance. Tne difference between runs is significant, 

and is attributable to significantly higher rates during the 

February testing. 

Figure 6 A shows the mean deceleration of heart rate in rela¬ 

tion to the intensity of sound stimulation. Again, the means shown 

are across al i testings. Ihe scales on Figure 6 A through 7 B are 
inverted to emphasize the decelerative effect. Again, note the ap¬ 

proximately linear relationship between the amount of deceleration 

and stimulus intensity. Also note the lesser amount of deceleration 

in the high ego strength group. This lesser deceleration is consis¬ 

tent (Cf. Fig. 6 B, 7 A and 7 B) but fails to achieve significance. 
Figure 6 B depicts differences between testings. The progressively 

increasing amount of deceleration from the January through April 

testing would suggest that this aspect of the stimulus effect may 

reflect a form of habituation to repeated exposure. 

Figure 7 A shows the parallel deceleration of the response to 

light stimulation and in relation to intensity. It is evident that 

there is no intensity effect across all testings and there is a 

similar lack of intensity effect within the testings (not shown). 

Although the intensity group interaction is significant, it is 

obviously attributable to the crossover of the groups and is prob¬ 

ably a chance difference. However, Figure 7 B once again reveals 

the consistent group differences when they are examined across all 

intensities within each testing. Hone of th,e differences depicted 

in this figure are significant, however. 

The reliability of heart rate response over testings, January 

through April, was also examined. Kendall's W was computed on the 

ranks of each subject's mean heart rate acceleration over all in¬ 

tensities of stimulation within a run, for each run, and was highly 

significant (p < .001). This high degree of reliability of heart 

rate responsivity was found in relation to both modalities of 
stimulation. Interprctively, it seems to us that this high degree 

of reliability is more related to the individual's characteristic 

basic rate than to stimulation effects, per se. 

In conclusion, heart rate is not very responsive to a broad 

range of sound and light stimulation. It seems unlikely, therefore, 

to be highly responsive to complex symbolic information, xt is 

well established, of course, that it is highly responsive to thenaal 

changes and to changes in muscular activity. It's usefulness in 

situations of interest to the sponsor would appear to be very ques¬ 

tionable, however. 
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C. Pulse Wave Velocity 

Figure 8 depicts graphically the scoring of the pulse 

wave velocity measures. A perpendicular line was first extrapo¬ 

lated from the peak of the 2KG R wave to a line of arbitrary origin 

(X^). Similarly, a perpendicular line was extended from the onset 

of the peripheral pulse wave form to the line of arbitrary origin 

(Xg). The distance (X£ " X.) therefore represents the time from 

the electrical activity represented by the R wave to the appearance 

of the shock wave at the tip of the finger. This measure of pulse 

wave velocity is similar to the one reported by Ellson, except that 
he and his group scored the time which would correspond to the dif¬ 

ference between X^ and X^ on Figure 8. Correcting for this difference, 
we obtained values very similar to the ones he obtained. The sponsors 

of the research had expressed particular interest in exploring the 

usefulness of this measure. Although the analyses of it are not 
yet entirely complete, Tables 1 and 2 present findings in relation 
to intensity effects, modality of stimulation, and psychological 
groupings. 

Each of the values in Tables 1 and 2 represent the difference in 
millimeters between the mean values of (X0 - X,) of the pre-stimulus 

epochs and the mean of the two largest values of (X2 - X-, ) during the 
stimulus epochs (D l) and the mean of the two smallest values of 

(X_ "X.) during the stimulus epochs (D 2). The large amount of 

variance within subjects, modalities of stimulation, the two types 

of difference scores, intensity, and psychological groups is evident. 

Eon-parametric statistics applied to all these comparisons failed to 

reveal any significant differences. Parametric analyses are currently 

in progress on all intensities but it would appear unlikely that they 

will reveal any differences. This failure to define a relationship 

of pulse wave velocity to any of the foregoing variables is in keeping 
with the findings of Ellson. 

The additional X and Y parameters of the pulse wave form are cur¬ 
rently being analyzed for relationships among each other and in rela¬ 

tion to intensity. Wo are confià^nt, from an inspection of our 

records., that the X, parameter (peck, pulse amplitude) will show a 

stimulus effect. We are hopeful that an intensive examination of 

these parameters will reveal information of value comparable to that 

obtained with the blood pressure cuff employed in current field ap¬ 

plications. It would have the advantage of less discomfort for the 
subject and permit continuous, extended recording. 

D. Catecholamines 

The determination of catecholamine levels was not a part of 

the proposed research. However, a colleague interested and■experienced 
in catecholamine research' (Roy B. Mefferd, Jr., Hr. D.), expressed an 

interest in the effects of real life stress (the anticipated examinations) 

upon the levels of epinephrine and norepinephrine. Carefully timed 



collections of urine were therefore rade on the February and March 
testings. The distribution of levels obtained was not normal, now 
was there homogeneity of variance between the high and low ego 
strength groups. Non-parametric statistics were therefore employed 
in the following comparisons. Mean levels of epinephrine, nor¬ 
epinephrine, and norepinephrine and epinephrine combined were there¬ 
fore determined for: l) all subjects with available data, 2) low 
ego strength subjects and, 5) high ego strength subjects. Tests 
of significance were based upon difference between the level of 
each catecholamine determined on the February testing and the level 
on the March testing. There was no significant difference when all 
subjects were compared, however, when the high ego strength subjects 
were compared to the low ego strength subjects, differences at or 
beyond the .05 level of probability were obtained (Mann - Whitney 
U test) and are depicted in Figures 9 A and 9 B. 

Figure 9 A shows the mean levels of eleven high ego strength 
and eleven low ego strength subjects tested within ten days prior 
to the examinations. Since it had been observed that subjects 
tested early in that period showed little evidence of anxiously 
anticipating the examinations and since those subjects tested late 
in the period did show such evidence, it was specifically hypothe¬ 
sized that those subjects tested closest to the examinations (with¬ 
in five days) would show higher mean levels than the total group. 

• That they did so is clear from Figure 9 B. The high ego strength 
subjects responded more, although the values of the low ego strength 
subjects did not differ significantly from the total group of low 
ego strength subjects. 

As noted during the discussion of basal skin resistance findings, 
these catecholamine differences in relation to ego strength grouping 
parallel those of basal skin resistance. That is, if one transforms 
the skin resistance scores to conductance, the high ego strength sub¬ 
jects show both higher mean levels of skin conductance and higher 
catecholamine levels. Conversely, the low ego strength subjects 
show lower levels of catecholamines and lower levels of skin conduc¬ 
tance. The psychophysiological implications of these findings are 
intriguing. Fhysiologically, they suggest a possible parasympathe¬ 
tic dominance in the low Es subjects. They also suggest the possi¬ 
bility that, within the range of activation of the subjects in this 
experiment, higher activation may be associated with a more adaptive 
response and lack of relative activation with less adaptive behavior. 
The behavioral implications are inference, of course, because, as 
we reported earlier, the two groups did not differ significantly in 
their academic achievement. A more immediate application to the 
problem under investigation is that at least two classes of persons 
must be distinguished - high and low responders. How these two 
classes of persons will respond to more complex symbolic information 
is a question to which we have addressed ourselves in the pilot work 
on simulated crime to be presented in the next portion of this report. 
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i.cui-o Xdoc to five intensities of sound of a hi¿h Es croup and a law* Es croup. 

Each value is the mean of five observât!; for each intensity for 9 Sc in eacn group over 

1. testings - i.e. 20 observations/S, l80 observations for each group. Each mm. =1-97 

beats/minute of difference from pre-stimulus levels. Differences between groups are not 

significant but the intensity differences are highly significant (p < .001}. 
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Figure b A 
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Mean heart rate acceleration to sound stimulation of high and low Es groups over all 
intensities on each of four testings, January - April. Neither groups nor runs differ 

significantly. 
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Figure 5 A 

Fear, heart rate accc' ration to-Five intensities of light of a high Es group and a low Es 
group. Each value is the mean of five observations For ,... . intensity f • Ss in each 

testings 
.étions arc significant (p ' .05). 
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intensities on each of four testings. 

groups by runs do not. 

stimulation of high and lev Es groups over all 
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RUNS Figure 6 B 

Mean heart rate deceleration to sound stimulation, high vs low Es groups over all 
intensities on each of four testings. Group differences axe not significant but 
test differences are (p < .05). 
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tested within five days prior to the examinations. Note the higher levels of catechola¬ 
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Figure 9 A 

2. Effect of anticipation of examinations upon epinephrine and norepinephrine levels of 
a group of eleven high go strength Ss and a group of eleven low ego strength os tested 
within ten days prior to the examnations. 
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TABLE 1 

PULSE WAVE VELOCITY 

(Sound X) 

High Es (X2-X1) 

D, 

(2 largest values in stimulus epochs) 

Intensity 1 In nsity 5 

.754 ,94 

1 

X 

1.10 

.73 

.72 

• 95 

.53 

.27 

» 1 . X4 

.648 

.81 

1.325 

• 33 

.30 

• 57 

.57 

.21 

.623 

(2 smallest values in stimulus epochs) 

Intensity 1 Intensity 5 

-I.I3 

-.69 

-.02 

-.88 

-•33 

-.83 

-.86 

-1.11 

-.806 

-.81 

-.53 

-.387 

-.74 

-.92 

-.48 

-.49 

-.96 

-.671 

Low Es (X -X,) 
2 x 

ntensity 1 Intensity 5 

*44 

• 77 

.50 

• 32 

. 2u 

.50 

Intensity i Intensity 5 

A = 

= u 

• I l 

1.10 

^.02 

.631 

. 640 

.03 

.21 

.36 

.55 

.29 

.364 

• 70 

.70 

.62 

.424 

.524 

-.72 

-.to 

-.74 

-.76 

-.89 

-.68 

-.25 

-.43 

-.81 

-.637 

-.722 

-1.14 

-.88 

-.48 

-.41 

-I.03 

-.74 

-.19 

-.50 

-.77 

-.682 

-.676 

A rlrt J 
UUJ* 

S No. 

54010 

54014 

540L6 

54140 

54152 

58004 

53116 

60097 

S No. 

50039 

50040 

51146 

42031 

43091 

54110 

L8OO6 

48015 

49001 
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TABLE 2 

FJLSE WAVE ''TELOCITY 

(Light X) 

High Es (Xg-X-L) 

Dr 

(2 largest values in stimulus epochs) 

Intensity 1 Intensity 5 

1.06 

(2 smallest values in stimulus 

Intensity 1 Intensity 5 

X 

J 
T 

A = 

.63 

•65 

.60 

.42 

.71 

• 25 

.24 

.571 

Di 

Intensity 1 Intensity 

.94 

.45 

.76 

.26 

• U.H- 

00 

• 6k 

.344 

462 

52Ó 

1.13 

.68 

1.07 

.56 

• 52 

• 72 

.18 

.12 

.648 

.776 

.72 

• 52 

.36 

.13 

.08 

.466 

.52 

.41 

.446 

.547 

-.68 

-.41 

-.69 

■1.10 

-.68 

-.15 

-. 86 

-.94 

-.678 

-.64 

-.97 

-.63 

-.72 

-•73 

-.44 

-.78 

-1.15 

-.758 

Low iiS (x^—l" y 

.38 

-.63 

Intensity 1 Intensity 5 

-.38 

-.60 

-.30 -.39 

-.80 -.96 

-I.32 -I.18 

-.69 -.81 

-.64 -.65 

-.34 -.56 

-I.06 -.86 

-.681 -.716 

-.680 . ■ -.737 

epochs) 

S Wo • 

54010 

54014 

54046 

54140 

54152 

58004 

58166 

60097 

S Xo. 

4$001 

50039 

5004C 

51146 

42031 

43091 

45110 

48006 

48015 
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H, ?oli'vtjh Study 

A. Ir.trodaction

As i>art of tue overall Investieatlcn of psychopi-orsiolocical 
rcspor-ses to* suiiiolus fields of various cav.plcxity, we have derived an 
expcrisieatal dooica to study uhe relatively complex stixulus field of 
intertarsoaal interaction in the 2-aan iproun. Ihe stinolus field ;;enerated 
oy intertcrsonal interaction u:ader the constraints of a fornal interrosa- 
tion situation is ourixips s;idv;ay in th« saectrat of field coaplexity. The 
sinple 2-second li"ht and sound sti-tulus reported in section 1 aay he seen 
as heinc at one extreme of the spectruu; wnile spontaneous interpersonal 
interactiat without carutx'h.oation constraints in the snail ci'oup of gjfoup 
psychotherapy jsay he seen as one of tr»e nost cotplex fields.

Our studies of interpersonal interaction between patient and 
therapist durinj the psychiatric interview show the need for 2-aan (proc'p 
st-dy in v.iich the stinulus field is nore er.car.ahle to experi:aental co.ntrol 
than is true in the psychiatric interview. The 2-.tan ip^oup, in the polygraph 
i.nterrojution paradicn offers a stimulus field which can he pro£ressively 
more standardised hy increasing: cavuu-nication constraints in the inter-

oulty

in attc:iotir.j to relate the psychoprc'siolojical responses of a subject to 
a complex sthtulv.s field is in estahlishir.^ the sema.ntic infoit-ation or 
value* and mcar.ir.;; of a civen stimulus to a particular subject at a particular 
time. Ivaluatu.-.^ the e.-sotic.ial meani.tc or affect value of a stimulus or 
class of stimuli, implies either co.-.siderahle irn'ormation in depth, as Bsy 

crued in lor.citudi.nal psychotherapy, or a manipulation of thehe

cj:peri.mer.tal enviro.tuer.t which insures reaso.nahly constant moanir.c ot a
jiven stimulus across a individuals. It is this latter .pulation

that is undertahen in the polycra. :. study in that every effort is made to 
force the subjects to cathect or e..;otior.ally charce, the si£niflca.-it aspects 
of a si;r.ulated crime. The lar^a monetar'/ re-wau-d for successful deception is 
a further attempt to insure relatively' hich and standardized cathexis to the 
events and objects within the simulated felor.y.

It is i.m:ortant to note that we do not see the detection of the 
Cuilty or the juiity hno\.'lcdce subjects as dependent on the psychophi'siolo- 
--ical :..e.tsurer.xnt of the hichlj.- abstract .nnd relatively diffuse affect- 
cmotio.-ial uuate of "cuilt" oi* "guilty feeli.nc^"- We aahe no effort to 
induce "cuilt" in the subjects, but rather our atte.upt is to ir.sure cmotio.nal 
urmrec o.- affect bondinj to specific sy.hols of evo.nts which occurred in ar. 
actual situatio.1. The psychophysiolopisal respor.se is a physiological 
refl-.ction of the affect unit which is bonded to the sj-abol. The symbol in 
the stmr.ulus field of t:-.e poli'praph interrojation is of course the key word 
or words verbalized by the examiner in the pertinent questions.

T.'.e following deslcr. mai' be critised on the basis that a simulated
role can never appr< ate the e.v.otio.nal involvement of real life, Ke have
substituted the crime of armed robbery for an earlier ex^pezlneatal crime of

t -tfhu

.'■fe.
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curdor on tl-.e 'thu-t i'- • aoi'C ^Ic.v.cr.ts of &i-r.cd roobci-/ 'oe

physlccllj' acted out (it ia asuoaeu that accually aocoapiiaairij a pr.ysuc^ 
act vhich requires pl-q.'siolojical vorh u’ay be e;tpected to c&taoct tae act), 
and also in the belief that the yowte .Vv.erica:i r,nlo is .-norc lihely
to have experienced fantasies of stcalinc none/ than fantasies of nurcerinc

paradi^a

offers the trenenisus cxperi;iental ad.'anta^c that tnc lacts oi £;ui-t, ^

guilty knowledge and irinoconce are jc.own; also, tnc iniO'..'led^,e and actua- 
experience of the subjects are titrated in that the innocent subject knows

all roles.

Finally, it should be noted that the experience_of this crine as 
reported by oar subjects see;.s to at. a;matc reaa liie ii susjectiVe 
reports of anxiety and enotioan.! involvcnent can be accepted as indications.

3. Polygraph otudy Pesijn

1. Subject Selection and briefing

Tiirec shbjecta ter ran are recraited frar. a paid volur.teer 
population. The sabjeeta ai'c st-dents in a a;'.iveraity, dental 2cnoo_ or^ 
aedical school. 2ach subject, upon entcrir^. the testing rocs individually, 
is ashed if he haeov.'s the ...eaeing of the vords ?oli'’^rath Test. The^^usuaa 
respaisc given by the subject is in tile for... of a caestion, c.g., To you ^ 
near, the hie Teteotor"'; If the subject do.sr.'t undersia.’id t.ic .tear.irgj o. yu! 
poljfgraph test the vords lie aetector are used by tne inuiviuuaa. conducting 
tlie briefi.’-g; session as a sinplc e:;pln.;aticn. .'ill subjects -re ashes to 
sign a release for..; in i.iiich the sfajcct'c voluntary participation ana res­
ponsibility arc explicitly stated as follows:

l-h/bSTO.' STiXTi: PSYCIlllTiCC UrSTITUTJ:

psi'CMOPhTsiohccf ir/isic:;
I hereby state thrtt 1 a.; over lo years of age, and that I have 

vola'iteercU to be a subject in research on sti:.;uias field presentation to 
be oo.;dacted at .ioaston State ?..ychlatric Institute and oayxor University 
College of Medicine over a period of two dai's.

I underata.id tint a paly..-raph tost vrill be given os part of the 
stud:'', bat tint tl.d '..nterial eavered '..'ill be ll:rh.tcd to the asuoi 
idcatifyir^: data and tlie experiences in these laboratories.

I aldO a;ddratand that .leries of psychological tests will be given, 
the nurpose of vhich is to relate such test rea..-ts to ry role in the 
ex-periixnt and to the reaules of the polygrn.h. test.

gdbjcct
V/itness : ft

L
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2he suajcc-is arc arci-ned •ales ai:a bri;a'od ir. thoir respective roles 
as irsioeei'.t, la-.s-. and by oaatin" a die for each sub;ect.
Ca the c at of the die all I's ai-.d 2's arc jeilty, all 3's and i:’s are 
guilty ’.c'.a:lec:.e and all >'s and o's cere innocent. S-fo'eotc assi:.ncd tide 
sane role aa'c briefed independently and cari"' out their assic'rnier.ts in- 
acpcnde-ntl:,'; nf all 3 eub'ects ; :.•£■ assigned the role of guilty, 3 indepen­

dent criacE arc cor-eitued ca that d-y.

t ^ ••■■••■--t - vhe^ ■/J . ■- .■ ■ • • •- ...v; wi«

aiucrtaV.e a;; investijauia'. iiVto lie detection technicues
•nose of this study is to

You iu:ve been chosen as the innocent sub;eat ai'.d when participatir." 
ir. the poliVTaph uesu you will ans\/er all of the <iuections vith the truth.

r.oney as a bonus; the bonus vi’.l be dividsd arn>np those subjects desipnated
as inn.ocent by ul.e pol^-praph e:;a:ir.er. It is obviously to your advantage 
for you no be ■an'aui: iar witn all of tu' faces of uhe crir.e - do not discus 
any of the details of unis CAperineat ^.'lth tl;e other subjects prior to the
poly;.raph test.

You are now to l<.avc and return to this buildinp tasorrew, reportinc- 
to rocn at ..•eO P.**..

~nrf.-uctdo:’r •‘.o 'u-.i*.-,” cv'.od--o .b.'-.-cu - Che purpose of this study is to 
u.;dv.-rta:;e a;-, iavest-jatio.-. into lie deueetion techniques. V.’c ere therefore 
sinulatinj a crir.e in •..•hid', you have been d.osen to have puilty hncv/ledpe 
of f.-.e crir..e about to tahe .daoe; you are not to discuss ar^ of the facts 
of this cri:..e ca* to can..n'.ics.'ee arq* of t'r.e details to anyone, includirc the 
o-eher v.:o subjects, u:-.til this e;:peri:.-.cnt is ca.ipleted. You are ashed not
to discuss the cr.psrl. t •.-.•i’e’.; n:.;' of your friends aitil the full series
has bev.r. c c.v.pleued - -ppraei:.n.-uel;' one year.

Your hncr.;ledpe of -...^ cri..c -./ill be li:.i-;ea. 'fou will hnov: that the 
cri:;.e was a:-, ar.r.ed robbery cc....-.-lttea at fa-.point and that th.e robber:' took 
place at I-rousuo.i State Psychiatric Institute. In add-ltica to this Inowledpe 
:'Ou will copy a.-.d study a floor plan outlir.inj the path that the robber will 
ta:e. You are nsk’ea to have youi' copy of the floor plan concealed on your 
perso.i d.n'in • -ths entii'e -.ph testiny period (c.f. copy of a'locr plan
ill-ustrated d. . -pure Id).

Yu.u sno_'. - be a..nr>. u..at this prior Isto^dedje of a crine about to be 
co.nui-f.-.:a ;ahes you -n aco-^ssory before •the fact unloso you report your

** ■ fi

Hui interrogation study \;i:f. ljn;t .russt of to..’.orrow afternoon. You 
vt.ll be p. ii nlO.X o'or your participation, ar.d sho-ld the exa;.dr.er identify 
you as the irr.ocent subject you '.rill r>-cc-ive p-art or all of the stolen

;he proper aathoi'itis s. I.ds prior Itnowlcd^e, \.v.ich could 
prwve-t the crlno, :...a::es you lep.n.ly resixsnsible - you will report 
this to atv a'ud—•-•tics. -

'fc;r.crro’.ir you will return to this builii.-.p and report to roar. CoD 
at 1:00 P.M.. fh": interrogation study vi" ' . t .tost of txrorrow afternoon. 
You will be paid .ha rate of IC.C.' articipation, but should

.■;ea-.;iner .tisiv-e.;tify you eu
or ail of

ftaoue s.

e r:.■ .^Ject, you will receive part 
he s^.olun r.o.'.-y as a bonus; uhe bonus wall be di'/iu-d anon^ only 
cts deui_natod a- i;n'.ocent by "the polj'’praph exanincr.
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When the polyc-'nph tcntc you kusu re.T.e.T.ber to lie about all
n;atters pertair.i:i2 to tne juiluy kr.ovfle^e you have and do not reveal 
inforrruition pertinent to the crir.e to tne examiner at any time - the nests 
be^jin as you v^aik t;u.'0Ui;h nhe door of the examination room. Cooperate 
with the exajniner only in the polysraph test procedures - do not reveal 
information that might help him determine your guilty knowledge.

Instructions t.o the Guilt' ■- h;ect - Ihe pui'pose of this studj' is to
We are thereforeunderta:'.e an investigation into lie detection technicues. 

simulating a crime in w/.ich you have beer, chosen to commit an armed robbery 
at gunpoint in the Houston State Psychiatric Institute. You will be acco.mpanied 
out of this building into the Housto.: State Psychiatric Institute, and to the 
corr*.*or leading to the office where you will oo.ymit the robbery. This is 
the gu:-. :-ou will use; this is the paper sack in which you will hide the gun.

You ms St 30 thx-ough- the secretary's office to get to your victim.
Once outside the secretary's office you v.'ill e.nter the office and roughly 
order her out of her chair at g-u.npoir.t. You will fox'ce her to go before you 
i.tto the inner office, order her to sit do\nx and be cuiet. hlthin the irnr.er 
office you will find a distinguished gentleman sitting behind the desk.
You v;ill order him to stai'.d up, ,urn arotuxd and place his ha.nds against the 
wall. Wr.an he i.as his hands agair.st the wall ybu will reach into the inside 
pocket of his .jacket and extract his wallet. In the wallet you will find 
ijoO.OO in bills v;hich ;,au will steal and put into your own pocket, throwing 
the wallet o.nto the de„... You v;ill th n retrace yo'ur steps along the 
corridor. Outside roo.;-. 333 you will find a trash can into which you will 
drop the gun concealed in t;-.e ;-uper sack. You will then go or. your waj' 
vfith the s^sO.OO. You are as.ie- .0 have the $-0.00 concealed on yoxir person 
during the entire polygraph test..;.; per lea.

Tomorrovr you will retur:. to tais tuildi,'.g and report to room 06D 
at 1:00 P.M. The interrogation -will la..e most of tomorrow afternoon. You 
will be paid $10.00 for your participat^o.., but should the exa.miner mis- 
ide.ntif;/- you as the innocent subject, you w'li_ receive part or all of the 
stolen .money as a bonus; the bo-nuc ■•rill be divined a.mong only those subjects 
designated as innocent by the polygraph examiner.

V.'ne.-. tailing the polygrapn tests j'ou must re.mom.ber to lie about ail 
natters pertai.iing to your guilt; and do reveal infor.mation pex-tinent to 
the crime to the examiner at a:'y ti.me - the teats begin as you "walk through 
the door of the examir.utio:! room. Cooperate with the exa.miner onlj’- in 
matters of t'ne polygraph test procedures - do not reveal any information 
shat mi,-hr, help him ceter.mine your guilt.

Pre-' • - ■■■ - On the day of the tost the subjects are pi'epared with all 
necessary eisetrodes. They are .not permitted to see or speak to each 
other and after preparation the first is escorted to t.ne interrogation 
room a.nd all electrode.: connect-ed to th'2 polygraph and other transducers.'
A two s.di.ute control rcoordi-..; Is .made with the sub.iect alone in the room 
and resting v/ith his u.ves c2e„ ,a. After the control run is over the 
inter. : c; r^ the r. o;t, introduces himself to the_,subject and begins
the pre-test.

After the pre-te.-„, the examiner begins the questions to which the subject has 
been instructed to a. ■ ■ -r yes cr no a::.n,j.di.ng to .the instructions given
during the previous days briefing.

'■’n
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2. Test (laestions E-r.ployed In Polygraph Qcaaination

1)

2)

with the truth?
3)

*»)

not report it?
5)
6) 
7) 
6) 
9)

10)

of the rohben'?
11)

12)

13)

12)

15)

16) 
22)

Are you sittir.):; down now?
Are you ^oins to cooperate a-nd answer all of ny questions 

~o you ever drink water?
io:e you the one v.no only kiew about the robbery and did 

Are you in Houston now?
.'re you the o;;e who robbed the doctor at gun poi.nt?
/re you in tr.c St^..c of x^xas now?
Are you the o:..- who hid the pie sol in the trash can?
/un you the o..e who stood lookout for the robber?
Are you the one w'ho is hidinc a copy of the floor plan

/re you the one who arove the jot-aw'ay car?
•Are you hidk.^ ' .'.e doctor': .noney on you .now?
Have you ever ^;o.'.c to a .tovie?
Have you ever ir.t'.r.tio.naliy lied to a.nyone?
Have you ever sr..o’ued a cijiarette?
Have you ever stolen anythin- in your lix'e?
:iave you lied to ite since you have been in this rooc?

■ ■
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Rationale of Polygraph Questions 

Question No.l 

¡A.IO.'»' 
I OU.fM 

This question exemplifies the format of the majority of questions, 

most beginning with "Are you", in order to decrease the probability of a 

psychophysiological response to unexpected syntax. The exceptions to this 

format will be explained under the appropriate questions number. "Are you" 

was selected as the general format in order to emphasize the present tense 

and ,o attempt to focus the question in direct confrontation (a frequently 

utilized psychotherapeutic technique) of the subject as an individual in 

interpersonal interaction. In this first question the substance of the 
question about the subject "sitting down" is so trivial as to make it 

painfully apparent that this is not a "relevant" question. While this 

question is obviously bland and innocuous, it may be expected to consistently 

elicit psychophysiological arousal simply because it is the first question 
of the series and therefore carries u high probability of a "startle” 
response from the novelty effect. ' 

Question No._2 

At one point in the design this single question was structured as two 

different questions. The present sentence attempts to combine the two 

concepts of "cooperation" in general and the specific cooperation of 

"answer all of my questions with the truth". The instructions to both the 

guilty and guilty knowledge subject strongly demand only limited cooperation 

and lying on all pertinent questions; thus, this question should be relevant 

to both the guilty and guilty knowledge subject and a psychophysiological 

arousal response is expected in relation to the question. This question is 

included in the category of novelty effect for the innocent subject because, 

although it is the second question in the series, it is the first of the 

non-trivial irrelevant questions which apply to the ongoing experimental 
procedure. 

Question No, 3 

This is another irrelevant question of trivial nature similar to 

quesoion ho. 1 but is the first of the questions included in the irrelevant 
category based on the assumption that the subjects will have largely 
accomodated to the novelty effect by the third question. 

Question No. U 

This question is designed to be relevant primarily for the guilty 

knowledge subject but the possibility exists that it may be interpreted 

by some guilty subjects as relevant to their role. Since the innocent 

subject has no knowledge of the crime to be committed, for him this question 

becomes essentially a "guilt complex" question; that is, it is not as trivial 
and as obviously irrelevant as "do you ever drink water?" but, for the 

innocent, describes a hypothetical criminal act which in itself may elicit 

more psychophysiological' response than questions of the irrelevant category. 

Question No. 5 

This question is irrelevant for all subjects. 

Question No. 6 * 

This question should be relevant for the guilty subject and should 

act as a guilt complex question for the guilty knowledge and Innocent 

rubject-. 

I A.*..I 
I UM Itf 
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Question Wo. 7 

This question is irrelevant for all subjects. 

Question Wo. 8 

This question should be relevant for the guilty subject and a 

guilt complex question for guilty knowledge and innocent subjects. 

Question Wo. 9 

This question should be guilt complex for all subjects since it 

pertains to a hypothetical criminal act which did not actually take place 

in the simulated crime. 

Question No. 10 ' , 

This question should be relevant only to the guilty knowledge subject 

and should act as a guilt complex question for the guilty and innocent 

subjects. Unfortunately, the experimental results suggest that the word 
"hiding" tends to' elicit an arousal response in both the guilty and guilty 

knowledge subject unrelated to the remaining portion of the sentence 

pertaining to a copy of the floor plan. If the word "hiding" elicits 

arousal in the guilty subject (because his principal task in the role of 
guilty is "hiding" information), we may expect question 10 to occasionally 

fall into the relevant category for the guilty subject. 

Question No. 11 

This is a guilt complex question for all subjects because it did not 

occur in the simulated crime. 

Question No. 12 

This question is relevant to the guilty subject and a guilt complex 

question for the guilty knowledge and innocent. Here again, the experimental 

results may be somewhat confondea by the word"hiding" following the argument 

of question 10. It will be noted that this is a considerably shorter 

question than question 10 and breaks the thythn of the previous question 

format by deleting the phrase "the one who is". This re-phrasing may 

increase the impact of this question which already contains the element 

"money", presumably highly catchected as a central sign of the simulated 

crime, and the elements "on you now" which directly confront the body image 

of the subject in the context of the present situation. Taken together, 

these elements and factors would predict relatively intense psychophysiological 

arousal to this question. 

Question No. 13 

This is an irrelevant question for all subjects but the tense has been 

changed from the present to the past "have you" in order to emphasize the 

different nature of the last four questions and to generalize the questions 

by broadening the time base to all of the subject's past experience. 

Question No. lU 

This is a control question for all subjects on the assumption that 

all subjects have at some time intentionally lied to someone. The purpose 

-3V 
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of the control question is to elicit a more or less "standard" response 

from each individual subject; the level of confidence that a response to a 

relevant question is significant is increased if that level of response is 
greater than the response to a control question. It is also ejected that 

the level of psychophysiological response to the control questions will be 
approximately the same as the level of response to the novelty effect 

questions. It is thus anticipated that for the guilty and guilty knowledge 

subjects, questions 1, 14 and 16 may be combined in one category and for the 
innocent subject responses to questions 1,2,14 and 16 may be combined. 

Question No. 15 

This is am irrelevant question for aú.l subjects. 

Question No 16 

This is a control question for all subjects on the assumption that 
almost everyone has stolen something in their life time. 

Question No. 22 

This is an optional question and usually employed to elicit a 
guilt complex response' presumably greater in those that are involved 
that those who are innocent. 

-34- 
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QUESTION CATEGORIES FOR DISCRIMINANT FUNCTION, 

POLYGRAPH STUDY 

Guilty 
Categories 

NE + C 

IR 

»1 

«a 
GC 

Question Nos. 

1, 14, 16 
3,5,7,13,15 
2, (4H0*) 
6, 8, (l2V 2 

9, 11 

1 

Guilty 

Knowledge NE 4- C 

IR 

*1 

R 
2 

GC 

1, 14, 16 (6) 
3,5,7,13,15 (10) 
2, (4#ClO*) (6) 

6, 8,(l2?>2 (6) 

9, H (4) 

Innocent NE + C 

IR 

R1 
R 
2 
GC 

1, 14, 16 (6) 
3,5,7,13,15 (10) 
2, (4,110*) (6) 
6, 8, (12^ (6) 

9, H (4) 

NE + C: Novelty effect and control 

IR: Irrelevant 

R^: Relevant for cuilty knowledge .subject 
R2: Relevant for cuilty subject 
GC: Guilt complex for all subjects 

* The starred questions in parenthesis are ambicuous as explained in the 

text and while they arc to be treated initially in their assicned categories, 
it is expected that they may confound the results somewhat. The question 

catecories are listed in the rank order of the expected level of psycho- 

physiolocical response. It is of course expected that the questions in the 

relevant catecory will elicit creater psychophyBiological arousal than the 
questions in the irrelevant catecory. 
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C. Measures and Physical Situation 

1. Direct interrogation situation: Subject and examiner in 
interrogation room. 

a. Measures recorded: Keeler instrumentation Model 6303 
Polygraph (modified - fed from Baylor basal recording), also recorded on 
analog magnetic tape. 

1) Blood pressure 
2) Respiration 

..3) GSR 
One second time marker 

5) Five second on-off light 

b. "Field" Conditions 

1) Subject introduction to test and attachment of Keeler 
GSR and respiration transducer. 

2) All Baylor transducers connected with subject chair 
toward mirror and TV camera. 

3) Pre-test interview is conducted by examiner and the 
content and order of question are explained to the subject. The examiner 

J.S encouraged to ask questions of the subject spontaneously and to probe 

any areas which seem indicated in order to elicit information which might 

aia the examiner's decision. The pre-test interview is paced in such a 

way as to allow a reasonable response time to the questions being explained. 
An attempt is made to standardize the order and content of the majority of 

the questions presented daring the pre-test. From the psychophysiological 
point Oj. view, the pre-test interview is a special interrogation situation 

in which the subject is not usually aware that he is being interrogated and 

not aware that his psychophysiological responses are being continuously 

recorded. Presumably the subjects have a somewhat different emotional 
set toward this "non-õost" portion of the run than they have toward the 

Keeler portion when the test has obviously begun. It should be of special 

interest to determine how effective the pre-test portion of the interview 

can^be in determining the guilt or innocence of the subjects as compared 

to the Keeler run itself. Preliminary evidence suggest that guilty and 

guilty knowledge subjects sometimes respond to relevant questions on the 

portion of the run but do not respond to the same questions on the 
Keeler portion. If this turns out to be true in a significant number of the 

subjects, we may be able to demonstrate that crucial information is being 

iost in the standard Keeler run when measures are not continuously recorded 

during che oOtal .interview situation. At the very least the psychophysiological 
responses obtained during the pre-test interview should be of use in deter¬ 

mining baseline values for a given subject and perhaps of use in developing 

a conversion factor for the psychophysiological responses of the Keeler run 
itself. 

a. Questions fall in three major classes of stimuli 

1) irrelevant 
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. 2) Relevant 

3) Control 

(b) Questions presented in order of matched pairs: 
irrevelant, relevant, irrelevant, etc. 

h) A Keeler test is conducted of two to three minutes; 
subject instructed to verbalize yes-no answers to questions but to keep 

eyes closed, face forward and relax. Questions in the first test are 

standardized and remain constant across all subjects. 

5) Period of inquiry is conducted at the option of the 
examiner; the examiner may ask the subject to elaborate on his yes-no 
answers to any questions or the examiner may inquire into areas related to 
the crime. At the examiners discretion the subject may be told of his 
Keeler responses and asked what associations he had to a particulax question 
which might explain his Keeler responses. 

6) A second Keeler test is conducted under the same conditions 
as the first and a period of enquiry may follow if indicated. 

7) At the examiner's discretion, a third Keeler test may 
be conducted. During this run the examiner may use any or all of the 
questions and in any order he choses. This completes a run. 

8) Video tape-audio and video tapes record each session 

for subsequent evaluation of non-verbal and interpersonal interaction stimulus 
fields. 

c. Task of Examiner 

1) Mark question number and end of question on paper 
record. 

2) Note significant changes or resetting in all measures. . 

. 3) Mark identification of subject, run number, etc., on 
all records. 

4) Render final decision of guilty, guilfey knowledge and 

innocence after each subject, has been run. 

5) In the following week, examiner completes standard 

evaluation forms for polygraph coding before the next experiment. The 

examiner uses "standard codes for significant polygraph patterns" (See 

following section) when completing forms. Detailed, personal debriefing 

of the examiner on reactions and responses of all subjects has been dicon- 

tinued; examiner now notes a significant reactions and responses of subjects 

as part of the standard coding procedure. 

r 
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2. Remote Interrogation Situation: Subject euid examiner in 
interrogation room, second or "remote" examiner in observation room. 

Subject may be viewed by remote examiner and observers both through the 

viewing mirror and on the closed circuit t.v. monitor. While the current 

design calls for the Keeler examiner to be in the room with the subject 

during all runs, the remote station offers the capability of literally 

remote interrogation in which the subject need never see the examiner. 

a. Measures recorded: In addition to the recording of Keeler 
measures as listed, the Baylor measures are continuously recorded from the 

time the subject enters the room and is connected to the time he leaves the 
room. Such continuous recording offers the advantage of allowing the study 

of psychophysiological responses during the pre-test interview and during 
the period of inquiry between Keeler runs. 

1) Subject GSR with 8-second time constant recorded on 
Rectiwriter pen in remote station, recorded on Rectiwriter pen, Offner 
Dynagraph and Analog magnetic tap recorder in basement. 

2) Finger plethysmogram - light transducer. Recorded 

on Grass polygraph in basement and also a long time constant recording 
on the Offner Dynagraph. 

3) Respiration - modified Keeler with light transducer 
for voltage output without Keeler pen. Recorded in the same way as the GSR. 
This measure is recorded on an Offner Dynagraph. 

4) Keeler cuff - A light transducer mechanically attached 
to the Keeler system allows recording of this Keeler measure; this measure 
is recorded in the same way as the GSR and is recorded on an offner 
Dynagraph. 

5) Single channel EEG vertex-occipital midline placement. 
This measure is recorded on the Grass polygraph and Analog magnetic tape 
recorder. 

6) Examiner 8-second time constant GSR. This measure is 
recorded on an Offner Dynagraph. 

7) Voice pen - One channel of the Grass polygraph is used 
to record the verbalizations from the subject room. The pen pattern 

associated with a particular word can generally be identified and should 

allow correlation of psychophysiological responses with particular words, 
with excellent time resolution; the Grass record is run at 60 millimeters a 
second. 

8) One second time code. This time code is recorded 
on all records and Analog magnetic tape so that each record is synchronized 
with every other record. 

9) Five-second on-off light. This is not recorded. 

10) Event marker. The event marker is recorded in the 
same way as the GSR. 
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b. Field conditions 

The protocol for the examination is of course exactly the 
same as in the direct interrogation situation since in the current design 

the Keeler examination is the only stimulus field employed. Future work 

will include study of remote interrogation, interrogation by visual slides 
and remote group interrogation. 

c. Task of remote examiner 

1) Mark question number and end of question on paper 
record. 

2) Mark identification of subject, run number, etc., on 
all records. 

3) Render final decision of guilty, guilty knowledge and 
innocence after each subject has been run. 

of questions. 
4) Event marker is used to identify the beginning and end 
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In the interval since the September, 1965 Annual Report, vork has 
continued in the followiñr areas: 

1. • Preparation and presentation of a scientific paper to the 
October, 1965 meeting of the Society for Psychophysiologlcal 
Research, 

2. Preparation of an expanded version of this scientific paper 
for publication in the journal Psychophysiology, 

5. Further analyses of the GSR data obtained in the study sum¬ 
marized in the 1965 Annual Report, 

4. Correlational analyses of various psychological scales vith 
the academic performance of the subjects tested in the afore¬ 
mentioned study, 

5. Continued hand-scoring and card punching of the heart rate, 
pulse wave amplitude and finger volume variables, 

6. Analysis of the EEG data, directed toward defining discrete 
levels of consciousness, 

7« Exploratory studies of the physiological responses to complex 
visual stimulus fields, simulated interrogation and drugs, and, 

8. Further development of instrumentation for the automatic 
analysis of physiological variables. 

Ihe work in each of these areas is elaborated below. 

1. and 2. Scientific paper 

Hie paper which reported the results of the GSR analysis was sub¬ 
mitted to Psychcrphysiolofty for publication. It was accepted for pub¬ 
lication but the editor suggested that consideration be given to fur¬ 
ther analyses suggested by two editorial consultants. One of the 
consultants expressed an interest in the basal resistance values of 
the subjects and the relationship, if any, of these values to GSR 
amplitude. He suggested that co-variance corrections mi ¿it result in 
a change in the results where group comparisons had been made, es¬ 
pecially the alert vs drowsy comparisons. Die other editorial con¬ 
sultant questioned whether appropriate error terms had been used in 
the analyses of variance and suggested that analysis of variance for 
repeated measures was more appropriate. These questions not only 
seemed relevant to us but had already occurred to us, so we had al¬ 
ready initiated further analyses of the GSR data directed toward 
answering these questions. We therefore decided to delay publication 
until the results of these further analyses were available. Diey 
are now available and are bein., incorporated in a revised report. 

5. Further analyses of GSR data 

The basal skin resistance of high ego strength vs low ego strength 
subjects and alert vs drowsy subjects were compared by t-tests. It 
was found that, in most of the comparisons, there was a significant 



difference. In general, low ego-strength subjects had higher mean 
resistances (i.e. lower conductances) than high ego-strength subjects. 
Similarly, drowsy subjects, in most canparisons, had higher mean re¬ 
sistance levels than did alert subjects. The direction of these dif¬ 
ferences was opposite to that which might have been predicted in the 
case of the high vs low ego-strength subjects if the "law of initial 
values" was operating. A co-variance correction would then serve to 
accentuate, rather than diminish, group differences. Nontheless, it 
did seem desirable to re-analyze the data with co-variance analyses, 
adjusting the GSR scores for differences in basal resistance. Such 
analyses also seemed particularly desirable from the standpoint of 
the sponsor. The commercial instruments ordinarily employed in field 
applications do not provide a basis for taking into account the ef¬ 
fects of differing base-line values, at least insofar as the possi¬ 
bility of making a systematic correction for such differences is con¬ 
cerned. 

Co-variance analyses parallel to the analyses which had been 
previously computed and reported in the annual report were therefore 
carried out. In every instance, the previously reported group dif¬ 
ferences not only continued to be significant, but, as we predicted, 
the size of the differences were accentuated when scores were adjusted 
for difference in basal resistance. 

The relationship between basal resistance values and GSR amplitude 
was examined further in several ways. The regression coefficients 
conputed in the analysis of co-variance revealed that the relationship 
between basal skin resistance and GSR amplitude was a very slight one, 
so small that, it may safely be ignored in field applications. The 
range of basal skin resistance in this study was from 10,000 ohms to 
ll;0,000 ohms, certainly a very wide range and one probably not exceeded 
in field applications. 

However, since the regression coefficients were based on group 
data, it seemed possible that an examination of BSR vs GSR relationships 
in individual subjects might reveal a greater relationship in some 
subjects than in others. A number of correlational analyses were there¬ 
fore carried out to examine this possibility. Product-moment correla¬ 
tions between initial resistance levels and GSR amplitude, between 
GSR amplitude and resistance levels following stimulation, and between 
initial resistance and resistance following stimulation were cocputed 
for individual subjects within and across the four runs, within each 
stimulus modality (light and sound) and in relation to stimulus inten¬ 
sity. The number of these correlations reaching significant levels 
did not exceed chance and were normally distributed, with the largest 
number of values approaching 0. The conclusion that these relationships 
may be safely ignored in field applications was therefore further 
strengthened. 

The suggestion that we may have employed an incorrect error texm 
in our analyses of variance was discussed intensively with several 
statistical consultants. They differed among themselves but, after 
further study, we concluded that it would be disrable to employ analy¬ 
ses for repeated measures. No computer program was available for this 
form of analysis and our programmer is currently writing such a program. 
Since it is a complicated one, a considerable amount of time has been 
devoted to this effort. When the program is availabl >., the data will 



be reanalyzed. It appears probable that, like the co-variance 
analysis, this vill not effect the significance of the results 
already reported in the Annual Report.. 

4. Academic Performance Correlations 

One of the questions included in the design of this study was 
whether it would be possible to define a relationship between academic 
performance on the one hand and GSR responsivity, ego strength and 
various psychological test scales, (it will be recalled that GSR 
amplitude was not greater during the testing under the presumed stress 
of anticipating examinations.) Since the only available academic 
performance criterion was the class rank of the subjects, the medical 
student subjects and dental student subjects were examined separately 
in this^analysis. Die statistic employed was the non-parametric sta¬ 
tistic "tau", a "distribution-free" correlation coefficient. Ego 
strength, the Need Achievement score, the full-score WAIS, the In¬ 
tellectual Efficiency score from the California Personality Inventory 
and the Debilitating Anxiety score from the Alpert-Haber Index were 
correlated with class rank. None of these correlations reached sig- 
nificant levels, not even the WAIS intelligence measure. Mean GSR 
aarplitude was also correlated with class rank and found to be non¬ 
significant. None of the analyses thus far, therefore, show a 
relationship to performance. 

5. Scoring and key punching of other physiological variables 

As we noted in the Annual Report, the pulse-wave measure for the 
first run was being scored for 11 parameters on the Oskar-K, a semi¬ 
automatic scoring and key punching machine. Since this scoring was 
extremely time-consuming we decided to score only pulse wave amplitude 
in the remaining runs. Even this reduced amount of hand-scoring has 
consumed many hours but it is now complete and key punched. As soon 
as the program for the analysis of variance for repeated measures is 
available, that data will be analyzed by analyses parallel to those 
employed for the GSR analysis. 

Hie EKG data has also been hand-scored and key punched, it too 
consuming laborious hours. Like the pulse wave amplitude measure, 
amplitude will be analyzed when the analysis of variance for repeated 
measures program is available. Hand scoring of finger volume, (the 
long time-constant A-C coupled measure) is proceeding currently. 

6. Numerical definition of level of consciousness 

In our Annual Report of September, I965, we noted that a discriminant 
function analysis of the EEG data was being carried out on the 33 para¬ 
meters derived from the period analysis of the electroencephalogram. 
The initial analysis was one which attempted to discriminate among the 
various intensities of stimulation and by various levels of consciousness 
defined by clinical interpretation. The latter were based upon catego¬ 
rizations of data obtained from a previous experiment on sleep deprivation 
effects. This first effort yielded too few discrete levels. The next 
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attempt, which extended the permissible limits with each of the 35 period 
analysis parameters, yielded over 100 discrete levels of consciousness, a 
number too large to employ in practical applications. 

Die next step was the exploration of a "tri-modal'' criterion. In 
this approach, the computer was programmed to select the bands of maaHTna-i 
activity in each of the major, intermediate and minor periods and these 
results were then correlated with clinical interpretation of levels of 
consciousness. 
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7« Pilot studies 

Pilot work has been carried out preparatory to experiments in 
three areas. The first of these was a comparison of the data ob¬ 
tained with a ccnmercial polygraph to that obtained with the auto¬ 
matic analysis instrumentation under a simulated interrogation design. 

a. Comparison of ccetnercial polygraph to automatic analysis 

Introduction; This exploratory study was designed to investigate 
standard interrogation techniques and to determine to what degree 
they might be utilized in the study of small group interaction and 
to what extent they might be enhanced by recent developments in com¬ 
puter analysis., In this study we received the technical assistance 
and consultation of Mr. Charles Neal, polygraph expert, attached to 
the Texas Department of Public Safety. 

Subjects: Eight male subjects between the ages of 18 and JO were 
tested, using both polygraph recordings and concurrent physiological 
measures of the GSR and EEG which were processed by period analysis 
techniques. 

Instrumentation: 
studies was: 

The instrumentation used in these preliminary 

1. A Keeler Polygraph 

This is a commercially available instrument designed to measure blood 
pressure, respiration and the galvanic skin response. The blood pres¬ 
sure is obtained by a cuff, inflated at intervals as required by the 
interrogator and recorded on a built-in pen writer. The GSR is ob¬ 
tained from finger electrodes or pilmar electrodes and the respiration 
ftom a flexible convoluted tube. These measures are also recorded on 
the built-in pen writer. The resulting graphs are interpreted by the 
interrogator. 

2. Special purpose analysis 

Concurrent recordings were made on all subjects of the GSR and electro¬ 
encephalogram, both analyzed by special purpose computers and inter¬ 
preted by technicians trained in this field. 

The EEG electrodes were silver/silver-chloride discs 2 sq. cm. in area 
and applied with electroyte to the left parietal-occipital sites con¬ 
ventional to encephalography. An Offner Dynagraph supplied the write- 
out and the information was further processed through a special purpose 
computer for period analysis and its output typewritten on an IBM 
Selectric typewriter. Friden paper punched tape supplied the means 
for permanent storage for future computer analysis. The GSR was also 
recorded on both subject and interrogator during each session and am¬ 
plified through a Biophysical Research Instruments Amplifier and 
written out side by side on a pen writer. The information was further 
processed through GSR analysis to an IBM Selectric typewriter for 
digital print out and a Friden punched paper tape for further computer 
processing. 
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Preparation technique: Each subject, on arrival at the laboratory, 
was first prepared for the physiological measures. He was then given 
a glossy picture of an attractive girl, who was conventionally called 
Mary, and told that he was to kill her with one of the several weapons 
provided for this purpose. Die instructions requested a full emotional 
investment in the act and real mutilation of the picture. The weapons 
included: 

1* Hammer 
2. Knife 
3* Rope 
4. Tub of water 

5. Ice pick 
6. Wire 
7. Scissors 
8. Gun 

The "murder" weapons varied randomly throughout the series. 

A fictitious story, maintained for all subjects, was invented to 
give reasonable purpose for the "slaying". The subject was then left 
alone to commit the deed and then taken to the subject room where he 
was attached to the polygraph and the analysis system and the inter¬ 
rogator began the inquiry. 

The inquiry: Preliminary to the inquiry, the subjects were instructed 
to answer all questions about the "murder" with., a denial. The inter¬ 
rogator then proceeded to ask such questions as: 

"Did you cut Mary with a knife?" 
"Did you choke Mary with a rope?" 

Questioning continued until all available vcápons had been men¬ 
tioned. These questions were always put in the same order. After the 
session the interrogator would unplug his connection and retire from 
the subject room to confer with other technicians on the results and 
interpretation. He would then return and reconnect his own GSR and 
a second session would commence. 

Two or three such interrogation sessions were made on each subject 
depending upon the degree of confidence the interrogator had for his 
assessment. In some cases a reward was offered to the subject if he 
succeeded in deceiving his interrogator. 

(| Later in the study the "sentence" type inquiry was abandoned for 
a "single word" inquiry in which the weapons were mentioned by name in 
a sequential order. If the order was changed the subject was informed 
beforehand. 

Results: Several problems were defined which will need to be taken 
into accotait in the design of an experiment in this area. One of these 
was a problem relating to the instrumentation. Die resistances of the 
commercial polygraph, on the one hand, and period analysis instrumenta¬ 
tion on the other, diverged to such a degree that there was frequent 
obliteration of the commercial polygraph record. Another source of 
instrumentation artifact arose when the interrogator grounded himself 
on the polygraph case and elaborate precautions were required to 
eliminate this. 
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The interrogator vas asked to base his decisions exclusively upon 
the physiological responses. When he attempted to do so, frequent 
errors in "detection" resulted. It is evident that great cere will be 
needed in designing experiments in this area in order to separate cues 
based upon the interrogator's observation of the subject from the in¬ 
formation provided by the physiological data itself. 

Marked anticipatory responses were encountered in the physiological 
data. This resulted frequently in the interrogator selecting the "wea¬ 
pon" named Immediately prior to the actual weapon selected by the 
subject. 

b. High Information stimulus fields 

In another pilot exploration, GSR data were obtained in more and more 
complex stimuli situations. A group of 3 subjects were each isolated 
in booths in the group observation room and required to give their per¬ 
cepts to Rorschach Ink Blots flashed on the screen. These individual 
responses will be evaluated according to various scoring systems for 
Rorschach Interpretation, and an attempt made to correlate GSR respon¬ 
siveness with ego strength barrier score, etc. 

Continuing with the second part of the experiment, the 5 subjects 
entered a still more complex stimuli field when, at the end of their 
individual Rorschach, they reviewed each Rorschach stimuli and as a 
group selected one response, attempting to fit their response to a vague 
category that will earn a reward for the entire group. As this work 
progresses, video and audio recordings will be made of these inter¬ 
actions, allowing a variety of group-process interpretations to be at¬ 
tempted - not limiting the study to Immediate fonmilations of group 
process as is accepted in the classical Bayles system. 

This pilot run was made for feasibility only - the on-line GSR auto¬ 
matic analysis for 5 traces was not yet available, so that the entire 
2 hours minute run has been hand reduced. Audio and video systems 
required alteration for retaining full Impact. The experiment pro¬ 
vided an excellent stimulus to GSR responsivity. 

After norms for the subjects in the foregoing are established, pilot 
work on the effect of drugs on the GSR responsivity is planned. 

This work is being conducted by Dr. Theodore Greiner, whose parti¬ 
cipation in this phase of the research was planned in the original 

proposal. 
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