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VOICE ANALYSIS
AN IMPROVED METHOD IN ATTITUDINAL SURVEYS

A new method of measuring attitudes and opinions has been developed
by Technical Development, Inc. (TDI), Bethesda, Maryland. The method
provides a more accurate and valid assessment than can be obtained through
conventional survey instruments.

TDI developed a voice analyzer which can extract two parameters
from speech. These parameters have been demonstrated to be sensitive
to changes in the emotional state and feelings of the speaker, Ten years
of research, three of which were under U. S. Army contracts, were spent
in developing and verifying the method. The method of voice analysis used
provides a realtime analysis and dlsplay of the quantitative values of the
speech parameters.

A pilot study was recently performed by TDI to demonstrate a use
of voice analysis in attitudinal surveys. A very, limited population was
tested since its purpose was to demonstrate that it provided a more ac-
curate and valid assessment than conventional techniques. The study con-
sisted of asking the respondents to rank order the importance of eight
listed problem areas of national significance. After their completion
of this, the interviewer noted their written values and asked each re-
spondent about their confidence in their rank order assignment for each
area., The respondents' verbal responses were automatically analyzed,
displayed and their values recorded. After the voice values were ob-
tained and their rank order established for each problem area, an in~depth’
interview was conducted with each respondent concerning each problem
area. :The differences between the voice value results and the conven-
tional ordering reflected the difference between their importance to him
as an individual and his perception of them as a national concern.

* The population surveyed was white, married, consisted of both
males and females and ranged in age from the mid-twenties t/o “the late
th;rtles., The major difference was that one group lived in center city
Washington, D.C, and the second group lived in suburban Washington.,

"~ Figures 1 and 2 show the differences in rank ordering obtained through

convention methods and the voice analysis method.

© The voice analysis method is highly compatable to conventional
meang)of collectirig’attitudinal data. Any short, single or double syl-



lable word can be analyzed for comparative emotional impact, An in-
terview can be tape recorded for subsequent anzlysis or a portable voice
analyzer unit can be used directly in the interviews.
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I. INTRODUCTION

Present methods of lie detection rely on the assumption that when an
individual is asked a question and his response to that quastion is dceceitful,
that individual enters a stressful paychological state which is evidenced by
certain physiological irregularities. In present polygraph technique, the
1nterr‘ogated sub;)ect is agked a series of questions and instructed to respond

"yes" or' ' to each. During the entire period of thie {#st the subject is
physically connected to a polygraph and three parameters of his physiological
state are monitored; the blood pressure and pulse, the rate of respiration,
and the electrical resistance of the skin. The measurements of each are
known as the cardiograph, the pneumograph, and the galvanic skin response
(GSR) respectively. While various polygraph exp’“‘rs disagree over which
measure provides a more reliable and accurate indication of psychological
state, all three are gross indicators. DCI and others feel that a more pre-
cise physiological parameter, which is more closely associated with the
cognitive processes should provide a better indication of psychological state.
Such a parameter is speech. The speech process is controlled by a large
number of extremely sensitive and quickly acting muscles. In a highly com-
plex manner, these muscles react to both the cognitive and ¢metional pro-
cesses of an individual.

Previous studies! have resulted in strong evidence that there exists
the possibility of detecting accurately a stressful psychological state in an
indiviiual by analyzing that individual's speech during such a state. Further,
two previous studies by DCI® have shown that an analysis of the response "no"
could provide a fairly accurate assessment of deceit on the part of an indivi-
dual. This assessment was based on the observation that when dn individual
responded to a question with a known lie, there typically occurred a shift in
the total amount of energy present in certain frequency ranges of the '
individual's speech signal. For the sample population, the maximum changes
occurred around the male speaker's fundamental frequency of 100 to 120

1Experimen'cal Investigation of Voice Changes in Lying; Fred H. Fuller; Pro-

ceedings, 2nd National Symposium on Law Enforcement Science and
Technology, Chicago, Illinois, 1968 :

Frequency Spectrum of Speech as an Indicator of the Degree and Nature of
Emotional Stress; V. A. Popov, P.V. S1monov, et. al. ; JPRS 52698;
23 March 1971

A. Potential New Measurement of’ Emotmnal State; E.N, Whitman and D.J.
Flicker; Journal of Newark Beth Israel Hospital; Vol. XVII, No. 3.;
pp 167-8, July 1966

2Validation Program for Lie Detectioﬁ_Techni.ques Using Voice Analysis
“1- : e
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cycles per second and the mid-range frequencies of 500 to 800 cns. It was
not within the scope of these studies to determine the precise psycho-
physiological causes of this shift. It was sufficient that thay werce highly
correlated and subject to replication,

Lieteoting and quantifying’these phenomena has been accomplished
using & voice parameter consisting of the ratio of the two affected frequency
ranges. A breadboard analyzer was developed which could automatically
exfract and measure this parameter.

August 1969, Purchase Order No. DAADO05-69-M-5025
Application of Voice Analysis Method, February 1971, Contract Number
DAADO05-70-C-01786



1I. CONCIL.USIONS

Based on a number of independent tests and procedures, the ratio
of the peak amplitudes of the 100-120 Hz band and the 600-800 Hz
band of frequencies of the human voice provides a reliable measure

-of emotional stress and/or deceit.

Based on the responses for the ratio measure value using a standard
stimulation test, an acceptable level of assessment accuracy is
achieved by eliminating those responses whose magnitude deviates
less than a given value from the mean response level, and are there-
by not amenable to accurate assessment. (This typically encom-
passes the mid-range of any rank ordering of a set of responses).
When approximately 30% of the responses having the smallest de-
viation from the mean response level are eliminated, the assess-
ment accuracy for the remaining responses is at least 70%.

The prototype voice stress analyzer, when used with the zone of
comparison protocol provides an effective means of assessing
guilt or innocence with high confidence. Further testing of at
least 25 to 50 additional subjects should be accomplished, how-
ever, to properly validate and extend the results presented in this
report. ‘ :



[1I. DISCUSSION OF SUBJECTS TESTED

o~

The investigation for the present project consisted of the analysis of
numerous tape recordings of subject interrogations for actual and staged
crimes. These interrogations can be grouped into two major categories.

Group A consists of those individuals who underwent what is termed
a "peak-of-tension' test. This test is typically designed such that a subject
is asked the same question concerning a number of similar items and iy
expected to react to only one of these questions as evidenced on a poiygraph.
In a "card stimulation test'' the subject is asked to pick one of six cards,
numbered one through six. He would then be asked if the number he picked
was one, two, etc., The subject would e previously instructed to respond
with a '"'no" to each question.” Hence, there is only one deceitful and theoreti-
cally stressful response in the test. Similarly, a subject under interrogation
for an actual or staged crime might be asked a set of questions relating fo
a number of similar items, one of which was directly related to the crime.
This test is defined as a peak of tension test. If the subject were guilty or

" knowledgeable of the crime, he would be expected to react to the crime-

specific item. Such a test might consist of the question, "Was the gun used
a Browning', a "Luger"”, etc. '

Under Group A, Group A-1 consisted of nineteen subjects undergoing
a card stimulation test conducted in Hebrew or Arabic. This special group
was analyzed to determine the validity of the technique for a non-Romance
foreign language. Group A-2 consisted of 13 subjects undergoing the card
stimulation test. Group A-3 consisted of 6 subjects who underwent exami-
nations for staged crimes, using the peak of tension test.

The second major category, Group B, consisted of a number of indivi-
duals who underwent a test referred to as the '"Zone of Comparison Test''.
Several variations of this test were encountered in this project. In Group
B-1, the subject would first be asked several innocuous questions, He would
then be asked, in an alternating sequence, questions which relate to the
offense in question, and questions totally unrelated to the crime, which are
expected to evoke a siressful response. An example of this last type of
question might be: "Did you ever steal money out of your mother's purse?".

Group B-2 used alternating crime-related and innocuous questions.
Group B-3 consisied of 9 subjects undergoing a Zone of Comparison Test for
a staged crime. The subjects could either be innocent, have compromised
classified material or have stolen classified material. These subjects'

-



tests included six crime-related questions, three of which related to the
compromising, the other three related to the theft of the documents., The
last question in cach set of questions was non-crime-related, but considered
to be stress-inducing. The question specifically asked was: ''While in

high school, did you ever chest on an exam?'',

subject would reply deceitfully to this last question.

It \‘\iia;?s assumed that each

The following table summarizes the tests described above: !

CATEGORY TYPE OF QUESTION TYPE OF TEST
Group A-1 Did you pick card number ? Card Stimulation
Group A-2 Did you pick number ? Card Stimulation
Group A-2 Was the gun useda __ ? Peak of Tension
Are you sometimes called Dick?
Group B-1 Did you steal that gun? Zone of comparison
: Did you ever steal from your mother?
Group B-2 A?e you wearing blue pants? Zone of comparison
Did you steal that camera? (modified)
Are you ready to begin? ,
Group B-3 Did you memorize the contents? Zone of Comparison

Did you‘ steal that document?

Table 1

Tests and Typical Questions Encountered in Study

oy
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kMf\\/ . DISCUSSION OF ANALYSES PERFORMED

The tape recordings were played back on an Ampex AG-600 tape
recorder at the same speed at which they were recorded. The signal output
of this tape recorder was filtered through a variable bandpass filter
(Krohn-Hite 310-A), rectified, smoothed, and recorded on a graphical
analog recorder (E and M Physx‘ograph Six) for Group A and for Group B-1
subjects. Tape recordings for Group B-2 and B-3 were processed with
the prototype voice analyzer, an%‘; are discussed later,

The tape recordmgs were . brocessed for a number of bandpass fre=~
quencies. The voice responses of Group A-1 were processed for the
following bandpass frequencies:

100-120Hz 200~300Hz 800-1000Hz 3000-5000Hz
120-140 300-400 1000-1200 5000-7000

140-160 400-600 , 1200-1500 7000-10, 000
160-200 600-800 .~ 2000-3000 : 100-10, 000

The output on the graphic recorder was manually reduced to a measure
of peak amplitude of response for each bandpass frequency. These response
measure values were graphically displayed on barcharts and rectilinear
coordinate graphs. A sensitivity analysis was then made for each bandpass.
This analysis consisted of the development of 'hit-miss' ratios for each
bandpass and additive combinations of bandpasses. A 'hit-miss'ratio consists
of the number of times the protocol used successfully discriminates deceit
to the number of times the assessment was incorrect. Results indicated
that the 100-120 Hz and 600-800 Hz bandpass regions were the best groups

and that their values changed in opposite directions under conditions of stress.
The use of the 100-10, 000 Hz bandpass, termed all-pass, presented some
possibilities, Hence, all subsequent analyses used the 100-120 Hz and
600-800 Hz frequency bands except when the low bandpass (100-120 Hz)
signal-to-noise ratio was too low. In these cases, the high bandpass
(600-800 Hz) and the all-pass values were used.

The ratio values, low bandpass/high bandpass and high bandpass/all
bandpass were also developed and graphically displayed for each response.
These charts and graphs were assessed and conclusions drawn as to the
protocol most suitable for the identification of stress (or deceit) based on
thése charts. :



The measure values developed were ranked within cach subgroup.
Those responses which had been identified as stressful by the responsible
polygraph personnel or as lics by the interrogators werc then plotted as a
cumulative (and density) distribution or a function of the ratio valuc, on
normal probability graph paper. :

[

The results show that the data are approximately normally distributed.
The remaining non-stressful (truthful) responses of each subgroup werc
similarly plotted on the same graph. An intermediate curve was then deve-
loped which represented the probability of an accurate agsessment as a
function of the measure value. This intermediate curve was used to generate
the final curve, which showed the accuracy of the assessment versus the
percentage of the total responses which had been assessed for each subgroup.
For simplicity, this analysis assumr®s an equal number of stressful/
deceitful and non-stressful/truthful responses.

o
An additional procedure was undertaken to further evaluate the mea-
sured responses. This was the rank~-ordering by subject of the ratio values
f the responses within each test. It was felt that the stressful responses

should be the lowest ranked or highest ranked values, depending on which

_ratio or bandpass was examined. The same statistical analysis was carried
“out for this procedure as for the previous one.

“The use of the accuracy of assessment versus the percentage of res-
ponses assessed requires further discussion. The results of the preliminary
data analysis indicated that there exists a grey area in which an assessment
of veracity or stress cannot be made with any reasonzble accuracy. This
grey area is the middle range of the measure values of the responses from
the sample tested. An example should clarify this. Assume a subject has
made ten voice responses in a test and measure values have been obhtained
from these responses. Let these ten measure values be rank-ordered from
one to ten, low to high. Based on the developed protocol, the lowest measure
value response, rank-ordered one, would be assessed as stressful. If this
assessment was correct, based on validating polygraph information, an
accuracy of 100 percent is realized, having assessed 10 percent of the res-
ponses. If the highest measure value response, rank-ordered 10, were
correctly assessed, then 20 percent of the responses would now have been
assessed with an accuracy of 100 percent. Following this procedure, the
three lowest ranked and four highest ranked responses might be assessed
as stressful and nonstressful, respectively. Seventy percent of the res-
ponses have now been assessed. If one of those assessments was incorrect,
an accuracy of 6/7 or 86 percent has been realized. The responses rank-
ordered 4, 5, and 6 have not been assessed. This is the grey area. -

!
-3
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V. RESULTS OF ANALYSES

The voice data were processed to obtain the desired measure values

~ and ratio values. Meetings were held with the polygraph specialists res-

ponsible for the evaluation of the polygraph data to obtain their assessment
of the responses. For those tests where only an assessment of Deception
Indicated (DI) or No Deception Indicated (NDI) was available from polygraph
examinations, this assessment was used as the basis for analysis. For
those tests where no polygraph assessment was available, the known lies
were used as a basis for analysis. The following sections discuss the
results obtained for the various subgroups.

1. GROUP A-1 : :

This group consisted of 19 subjects speaking Hebrew or Arabic. The
test consisted of each subject picking one of six numbered cards. When the
interrogator asked the subject if the card he picked was card number one,
number two, and so on, the subject responded "no'" to each including the
one he picked, There were two repetitions of the six questions for each
subject, thus there were two deceitful responses from each subject. No

- polygraph chafrt’s were available for this group.

The results of the sensitivity analysis have been discussed previously.
Analysis of the measure value data indicated the presence of an unexpected
phenomenon. The ratio measure value did indeed decrease for many of
the subjects when they lied, yet for a number of subjects it tended to increase.
This indicated that while for about two-thirds of the subjects a deceitful
response was indicated by a shift in energy from the low frequency range
to the high range, a reversal of this phenomenon was observed in about a
quarter of the cases. In order to discriminate between the two ''opposite"
types the measure value of the first response of each subject was examined.
A high positive correlation was observed to exist between the first response
and the deceiiful response relative to the rank order of each within the
majority of t\pe subject's test groups.

!

Each subject's test group was then re-examined with the following logic:

+if the first response was low relative to the other responses, then the

lowest response (excluding the first respong~) would be assessed as deceit-
ful. Similarly, if the first'response was observed to be high, then the highest
response was assessed as deceitful. If the first response was neither low

nor high, then the lowest response was suspect.

-8-
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The results of the statistical analysis utilizing this protocol on a
rank-ordering of the response values for each subject is presented in™=
Figure 1. As can be scen from the figure, 70% probability of accurate
assessment was achieved for a total of 70% of the responses assessed. It
may be interesting to note that the curve also indicates that the sum of the
percentages of assessment accuracy and responses assessed remains essen-
tially constant at a value of 140 ovey the range of 50% to 90% of assessed
responses.

2. GROUP A-2

This group consisted of 13 subjects who underwent a test similar to
the previous subgroup. On the second repetition each subject was physically
attached to a dummy electric shock device and was told that when he lied,

a mild electric shock would be administered. It was hoped that this would
induce a high stress situation. The equipment did not include any polygraph
assessment of stress or deceit.

Assessment of the voice data indicated poor discrimination of the
known lies for the group as a whole; hence no detailed statistical analyses
were performed. It must be noted that in this particular experiment the
time intervals between individual questions and between the questions and
their respective elicited responses were of very short duration. As a
result numerous subject responges were obscured by the examiner's ques-
tions. This rapid-fire questionning was not typical of the majority of
examinations processed. In addition, the psychological impact of this very
fast questionning is unknown, and hence places real doubt on the validity of
the assumption that the psychological forces involved in a typical examination
were the same as those involved in this particular experiment.

3. GROUP A-3

Group A-3 consisted of five subjects who underwent interrogation for
staged crimes. There was no supportive detailed polygraph evaluation
available for these subjects, but subsequent to analysis, information was
obtained as to whether each subject was innocent or guilty. There was
insufficient information concerning the specifics of the crimes to validate
some of the responses, therefore the accuracy of assessment by voice analy-
sis could only be derived for the group as a whole. Using the analysis
previously discussed, Figure 2 was developed from the voice response data
for this group. o

h)

&



- Probability of Accurate Assessment

0 20»

100,

80

b‘SO—

40 -

|

L. I |
20 40 .60 80 100
Percentage of Responses-Assessed :

. FIGURE I .
Accuracy of Asseasment versus Percentage of
Responses Assessed for Group A-l

N

-10-



Probability of Accurate Assessment

80

60—

40#1

207

] |

| i
20 ~ 40 .60 80
Percentage of Responses Assessed

. 'FIGURE 2
Accuracy of Assessment versus Percentage of
Responses Agsessed for Group A-3

-11~



AN
{/ \

GROUP B-1

(1) Discussion of Tests Performed

This group consisted of five subjects examined for actual crimes.
- These subjects were examined urder a fixed protocol in which the
same questions were asked in the same sequence in three separate
tests (numbered 1, 3, and 4). After the first test, a card stimu-
lation test (numbered 2) was conducted in order to demonstrate to

the subject the polygraph's capability to detect deceitful responses.
The four tests were performed, with rest periods, within a single
session. Three issue questions were asked in Tests 1, 3, and 4 which
are intended to relate specifically to the incident under investigation.
These were questions numbered 5, 7, and 10 for each subject. Three
other stress-inducing questions unrelated tothe incident are also asked
in Tests 1, 3, and 4. These were questions numbered 4, 6, and 9.

An individual is assumed to be deceitful about the issue or incident
when a higher value is observed for the ratio measure for the issue
questions than for the stress-inducing questions.

The results obtained from the polygraph charts led the evaluators
to conclude that Subject W was deceitful, Subjects S and G were not

deceitful, Subject B was probably not deceitful Wh11e the assessment
for Subject A was inconclusive,

The following table summarizes the detailed Polygraph evaluation
for two of the subjects in Group B-1.

Subject W (No. 5)

Test Number Polygraph Evaluation

1 Difficult to evaluate entire group because of equipment
' problems. However, responses 5 and 7 showed some
reaction, with response 7 showing greatest reaction.

2 Responses 4 and 6 showed reaction, with 4 showing
greatest reaction with a change occuring in 6.

3 ~ Responses 5 and 7 showed reaction, with 7 showing
greatest reaction.

4 ~~Responses 3, 5, 7, and 6 showed stress reactions;
' their degree of reaction was in the order listed. Res-
ponses 3 and 10 also showed some changes.

-12-
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Subject S (No. 4)

Test Number , Polygraph [valuation

1 'Response 7 showed greatest stress reaction followed
by responses 6 and 8.

2 The greatest stress reactions obtained on 2 and 3,
: with 2 greater.

3 Response 7 showed greatest reaction, closely
followed by responses 4 and 5.

4 | Same results as Test Number 3.

A detailed polygraph evaluation was unavailable for the remaining
three subjects, but the examiner's overall assessments were as
follows:

Subject G (No. 2) - No Deception Indicated (NDI)
. Subject A (No. 3) - Inconclusive

Subject B (No. 1) - Inconclusive, guilt reactor \probably
not deceitful).

The assessment of Inconclusive for SubJect B was based prlnc1-f’
pally on the fact that he was determined to be a "guilt reactor" When
asked questions relative to a hypothetical crime, this subject redcted‘
in a manner which would mmiormally indicate guilt. Hence, an assess-
ment of DI would be made for this subject, except that his ""normal"
reaction tends to invalidate such an assessment.

(2)  Analysis of Voice Stress Analyzer Results Obtained

It was possible to pei‘i‘orm more precise statistical analysis on

this group of subjects than for the previous groups since the tests,

administered prav1ded an unusually consistent and orderly set ef data.

(A single measure was used to determine whether decep‘tmn 1':\
indicated (i.e., guilt) or noi “ .e., innocence) for each of five subwects
for which previous assessments had been made. This measure, as

~ discussed previously, is defined as the ratio of the maximum voice,

signal level at the output of the low bandpass filter (i. e, 100~ 120 Bz)
to that of the high bandpass fllter (i.e., 600-800 Hz)

-13-
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The basic test used for each subject consisted of a series of
ten questions, threc of which are ''crime-specific' or "issue'' ques-
tions, threc are "non-crime" related, but stressful (non-issuc), and
four are innocuous questions.

. The ratio response for the "issue' questions is denoted X,
while that for the "non-issue' questions is designated Xy. The
criteria selected for determining guilt or innocence for each subject
is the difference between X1 and Xy where Xy is the average of the
XI s and };N the average value of the Xy's. If Xy is significantly
larger than Xy, then deception is indicated, while if Xy is signifi-

cantly larger than Xy, the reverse is true and no deception is indicated.

The subject was asked the same ten questions in the same order
three times with a short break between each of the two repetitions.
Only the second and third repetitive ''tests' were used in the analysis,

giving six X1 and six Xy values for each of the five subjects. The

values were first placed in rank order and the Xi's compared against
the correspondmg Xpx's. The average (Xj, Xy) and variance

(UZXI, orXN) were then calculated The results are shown in Table 2.
Note that in three of the five subjects the six values of Xj are either
all larger or all smaller than the corresponding Xy values. In one
case (Subject No. 4) five of the six Xy's are larger than the corres-
ponding X1's; while in one subject, all three "usable" X 's are larger
than the corresponding Xy's.

' To determiriv the significance of the difference between the Xi's
and Xy's, the following standard statistical test was applied:

(1) Find the difference between the number of plus and minus
signs (in each rank-ordered set).

* (2) Find the sum of the number of plus and minus signs.

(3) If the difference between the number of plus and minus
signs found in (1) is greater than twice the square root
of the sum found in (2), then the difference between XI
and XN is significant at the one-in- twenty (i.e., 95%
confldence) level.

Applying this test to the data presented in Table 2, for the three
subjects numbered 1, 2, and 5, we have the following:

(1)  Difference d, between number of plus and minus 31gns
d=6-0-=86.

-14-
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Ratio Subiject Number .
Values | x1 XX X: x2 X;-X X; x3 %X X3 x4 X=X X3 X
1 n 1 N 1 n 1 N 1 n 1 N 1 n 1 41 1 n 1 1
i 0.95 | 0.84 + 2.16 | 4.00 - 0.10 §0.10 0.80 |0,76 + 0.79 10.33 +
2 1.37 { 0,87 + 2.53 5.70 - 0.13 10,13 # 0.88 |0.96 - 1.04 ] 0.52 +
3 1.38 | 0.90 + 2. 84 6. 35 - .0.15 0. 31 - 0.93 ]1.10 - 1.78 [ 0.77 +
4 1.92 1 0,95 + 3.88 12.4 - '0.18 10.35 - 0.95 11,22 - 2.07 11.30 +
5 2; 02 1 1.18 + 9.00 12.9 - 0.25 |0.53 - 1.02 12.02 - 2.14 ] 2.00 -
6 2.06 | 1.58 + 11.0 14.6 - 0.91 (0.85 * 1.09 | 2.56 - 6.17 | 2. 85 +
ZX 9.70 | 6.32 — 32.2 | 955.9 - 0.71 {1.32 - 5.67 {8.62 _ 14.0 | 7.77 -—
X 1.62 1 1.05 - 5.37 9,31 - 0.18 |0.33 - 0.95 | 1. 44 - 2,33 1.29 —_
ox [0.45|0.27| — f§4.03 |4.47| — f§.058 |.164 | — fo.10]0.54| - J1.90]0.97 | -

* These values were not used in the statistical analysis (see Discussion).

Table 2 |
Observed Values for x; and x_ for 5 Subjects




(2)  Sum s, of plus and minus signs: s =6+ 0 = 6;
(3) 24/s = 2¢/6 = 2x2.45 = 4.9;

(40 d-24/s = 6-4.9=1.1.
Since d - 2 \/5 is greater than zero, the difference between Xj and
XN is significant at the 95% confidence level.

For subject number 4, d-: 2\/5 = 4-4,9=-0.9, which implies
that the difference between X; and Xy is not significant at the 95% level.
However, since we have five minus signs as against only one plus sign,
there clearly is a sufficient difference to make us suspect that more
information might well have revealed a significant difference.

The total sample size necessary to confirm a significant dif-
ference is given by the formula (2s/d)2, or in this case (2x6/4)2 = 9.
Hence, three more observations of X; and Xqyare required to establish
a significant difference at the 95% confidence level., As it stands, with
only six observations, the confidence level is approximately 85%.

- For subject number 3, our effective sample size was reduced to
only three "useful'" observations of Xy and X) for the following two
reasons:

(1) The highest observed value of X (i.e., 0.981) is more than
three standard deviations above the mean of the sample,
and hence statistically does not "belong" to the group.

(2)  The lowest observed values for both Xy and Xy (i.e., 0.10
and 0. 13) appear to have been below the useful operating
range of the equipment, and hence reflect primarily noise
as opposed to a frue signal output.

As a consequence, using the minimum '"total sample size'' formula
noted above, we need a total of (Zs/d)2 = (2:{3/3)2 = 4, or one more
observation to establish a significant.difference at the 95% confidence
level. As it stands however, with only three ''useful' observations,
the coﬁ fidence level is about 85%.

y
- The above discussion of the results from the five subjects has

dealt only with each subject individually. In order {o make an overall
evaluation and establish appropriate criteria for determining guilt or

~-16~
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inmocence, the magnitude of the ratio function Xp/Xy or XN /X was
caleulated for cach subject; the particular ratio choscen in each case
being the one that gives a value greater than one. The hypothesis under
test is the following: if Xy is significantly larger than Xy then decep-
tion is indicated (guilt), while if X is significantly larger than Xy, the
reverse is true, indicating innocence.

Table 3 presents the results of these ratios for the five subjects.
The results for this group can be summarized as follows:

(1) The ratios X1/Xy, or Xy/Xj for the given subjects were
all within the narrow range from 1.52 to 1.83. This indi-
cates that from this small sample statistically we can
expect, with 95% confidence, that the ratio should fall
within the range from 1.4 to 2. 0 for a guilt or innocent
assessment. It may turn out, however, as a result of
further testing, that this range can be extended. However,
for the present, if the ratio falls below 1.4 an assessment
of inconclusive is indicated.

(2)  For subjects numbered 2, 3, 4 Xy was greater than X[,
indicating innocence. This agrees with the previous
independent assessment, except for subject #3, the previous
assessment was inconclusive.

(3)  For subjects numbered 1 and 5, X;j was greater than Xy,
indicating guilt. This also agrees with the previous except
that for #1 the previous assessment was given as incon-
clusive by the examiner because the subject appeared to
exhibit the characteristics of a "guilt reactor'.

o5. GROUP B-2

‘This group consisted of seven individuals suspected of and tested relative
to some actual criminal offense. Meetings were held with thé polygraph
expert who examined all seven subjects and his assessment as to which res-
ponses were stressful and indicative of deceit was obtained. The analysis
discussed in Section IV was performed to determine the accuracy with which
these stressful responses could be discriminated, Figure 3'shows the results
of the analysis for this group.

-17-

P R



_8"[-

Teable 3

Determination of Guilt or Innocence of Five Test Subjects

by Means of the Ratios YI /XN or XN/XIT

Subject = = X1/XN . Assessment . Previous Assessment
No Xq AN _or_ (using prototype voice (by military)
: XN/X1 stress analyzer) Loy military
1 1.62 | 1.05 1.54 Guilty Inconclusive-guilt reaction
2 5.37 9.31 1.73 Innocent Innocent
3 0.18 0.33 1.83 Innocent Inconclusive
4 0.95 1.44 1.52 Innocent Innocent
5 2,33 1.29 1.81 . Guilty Guilty
Average Value 1.69
Standard Deviation 0.15
1.4t0 2.0

Range of —}ZII /f(Nfor 95% confidence level
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" 6. GROUP B-3

This group consisted of nine Americans undergoing a laboratory
examination for a staged crime. There were three possible roles that
each could have played with respect to the crime: 1innocent, guilty know-
ledge, or guilty. The roles were selected by dice rolls. The objective of
the analysis was to identify the role played by each subject. With an analy-
sis similar to the zone of comparison logic, only three out of the nine were
correctly assessed, which is no better than chance. Using the form of
analysis developed for the stimulation test produced results which were no
better. The only conclusion that can be drawn from the results of the analysis
of this group is that the prctocol used for this experiment is apparently not
amenable to the methodology of voice analysis, as it has thus far developed.
It should however be noted that there was considerable distortion and noise

present on this group of tapes, which may have had a very significant effect
on the voice responses processed.

M
d

-90-

e T T



Erggeriae e x

(2) The device is to filter each of the divided signals. One signal
is to be filtered for a bandpass frequency range equivalent to
the typical fundamental frequency of human speﬂch between 80
and 200 Hz. The other of the divided signals is to be filtered
for a bandpass frequency range which is experimentally found
to be the most appropriate for the voice analysis process.

(3) These bankdpass filtered signals are then to have all negative
values cut off and be smoothed or partially integrated such that
they do not exceed a value of 100 Hz.

(4) The device is then to display the values representative of each
and display the ratio values in such a way that a decision can be
made as to the stressfulness of the individual response.

3. PROTOTYPE DESIGN

This section contains the schematic drawings (Figures 4, 5, 6 and 7)

of the prototype cricuits and equipment and describes the signal flow through
these 01rcu1ts

The output of @ tape recorder is fed into an input connector or, alterna-
tively, a voice signal is received by a microphone and is passed through the
microphone input jack into a preamplifier. The voice signal is then taken
from the input connector or the microphone preamplifier and passed through
a variable amplifier which serves as the primary GAIN control for the unit.
The amplified signal is then divided into two equal value signals. One of
these signals is filtered 'for a bandpass frequency range of 80 to 135 hertz.
The other is filtered for the bandpass frequency range of 640 to 1080 Hz.
These signals are known as the low and high band signals, respectively.

. The processing of the two filtered speech signals is exactly the same
up to the development of the ratio value, therefore only one of the processing
circuits will be discussed. The signal is then passed through a half-wave
rectifier and the negative values of the signal are cut off. The signal then
enters a capacitor shaping circuit, which is controlled by the L.O or HI-
SHAPING controls on the panel. Here the signal is partially integrated or
smoothed to that extent necessary to dampen background noise accompanying.
the voice signal. The signal then enters another variable amplifier circuit
which is controlled by the LO or HI-GAIN controls on the panel. After gain
adjustment, the signal is processed in a ''peak detect" circuit. This circuit
is used to achieve a varying D.C. level for the voice signal which is easy to

. read on the meter or chart recorder. The "peak detect' capacitor is normally

shorted to ground. This circuit is closed by means of the TALK button or
remote talk button. The signal which is perimitied to pass through this circuit

-929-
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goes through o final drive circuit and then put out ontlo the chart recorder
in the low or high modes or is passed into the ratio circuil. The ratio 1L/}
or 11/ is selected with the toggle switch controlling the ratio mode., The
ratio value is established with the ratio circuit and then put out onto the
chart recorder.

The chart recorder is activated by a separate power switch. The
chart paper drive is activated by the TALK/remote talk button. There arc
four controls for the chart recorder: a stylus position control, a stylus
HILAT control, a chart drive speed select switch, and a chart GAIN control.
These are all connected to the left terminal board of the chart recorder.

The GAIN control is used to adjust the signal strength as it is put out on the .
chart recorder.

The meter which is used to monitor the speech signal is controlled by
a five position switch with terminals as indicated in Figures 4 and 7.

4. PROTOTYPE PERFORMANCE RESULTS

The prototype was tested by using the tape recording of Subject G in
Group B-1. This tape was run three times. The purpose of the tests was to
determine: (1) the reliability of the processing, and (2) the extent to which
the prototype ratio outputs corresponded to manual calculations. The proto-
type was tested for reliability in the low and high band modes, and foi compu-
tational accuracy in the ratio mode.

The results obtained from these tests showed that the prototype has a

. reliability on repeated runs of +10%, and provides ratio values which results
" in the same interpretation as found using manual computation. The test-

retest reliability was established by processing the same tape recording
through the prototype three times under identical conditions. The output
recorded on the chart recorder was manually reduced to measure values and
a reliability coefficient computed.

-98-
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Vil. INTERROGATION AND ASSESSMEN'T PROTOCOL,

1. INTERROGATION

The interrogation procedure to be foliowed in the usec of the prototype
voice analyzer employs the zone of comparison technique, common to the
polygraph. Preceding the actual interrogation, there should be a period of
general discussion between the subject and the examiner. This session
serves several purposes. First, it is an attempt to get the subject to relax.
He is generally in an uncomfortable situation, and thercfore likely to bhe
tense. The resulting stress could make the detection of stress as an indi-
cation of deceit a more difficult process.

The examiner should attempt to develop a level of rapport with the
subject during this session. This will serve as a guide to the examiner in
evaluating the stress levels.during the interrogation. This session can also
be used to determine specific topics which can be used in the questioning.

This will be further discussed later, but general areas of the subject's per-
sonal life and service career should be discussed. When the examiner feels
that the subject is suitably relaxed, he should begin the interrogation,

During the interrngation, the same set of questioﬁs should be repeated
three times with a short stimulation test immediately following the first set.

"~ Within each of the three main sets, there should be three types of questions:

(1) innocuous, (2) crime-related, and (3) non-crime-related, but stress-
inducing questions. The innocuous questions should be non-stress inducing,
hence they should avoid mentioning colors, items of personal attire, matters
of a personal nature, or anything which might be related to the crime in
question. The best source for the innocuous questions would be the pre-

interrogation discussion. For instance, the subject might have stated that

he has been in the Service for two years and it appears that he has no.negative
attitudes concerning this. The question might then be asked, '""Have you
served in the Army for two years?'. Or the subject might have stated that

he has a hobby of making cabinetry. He could then be asked, "Do you enjoy
making cabinets?'. These questions should be used only when the subject

has displayed a positive or pleasurable attitude towards the questioned
‘situation. ‘

The crime-related questions should be the simplest to develop. 'On
March 15, 1972, did you commit the act of - 2", or "Did you steal

that money?'', etizetera. It is simply a matter of strongly relating the crime
and the subject together in one question. The non-crime related, but

-20-



stress-inducing questions are a little more difficult, but certain general
questions should serve in most cases. They will typically relate to wrong-
ful acts committed during adolescence. ''Did you ever steal money from
your parents?', '""While you were in high school, did you ever cheat on a
test?", or possibly, "Have you ever wanted to commit adultery?'. There

7~ “are many such questions which can be developed based on acts that most

pecople have probably committed and yet will still deny. Obviously, these
questions should be developed or modified based on information acquired

in the discussion session. These questions should not be specifically asked
during this discussion as they may lose their stress-inducing value.

Once the questions have been developed, they must be asked in a
specific sequence. Four sets of questions are prepared in which the first,
third, and fourth set consist of exactly the same questions in the same order.
The second set consists of what is termed a stimulation test. The examiner
should ask no more than ten to fifteen questions in a set. The sequencing of
the questions is most important. The first two or three should be innocuous.
These should be followed by alternating crime-related and non-crime-related
but stress-inducing questions, with the crime-related question coming first. ,
It is suggested that after the second pair of these, an innocuous question
might be asked, followed by a third pair of crime, non-crime question. Each
question should be asked in the same order during each repetition.

The stimulation test which follows the first question set should be a
standard card stimulation test. The subject should be asked to respond '"no"
each and every time he is asked if the number he picked was . The
examiner should ask, ''Did you pick number 1?, did you pick number 2?",
etc. There should be a‘pause of approximately three seconds between each
response and the next question. During the interrogation the subject must
be instructed not to respond immediately after the question is asked. If this
is not done, the subject's responses may be obscured by the examiner's
question. There must be a pause of at least one second. Caution must also
be exercised to avoid extraneous noises which might obscure or distract the
subject's responses. Tapping pencils, creaking chairs, and slamming doors
are especially interfering. Soundproof rooms are generally unobtainable,
but minimal background noise is a must.

2. ASSESSMENT

The assessment consists of the examination of the processed voice
-signal which has been put out on the chart recorder. After each set of ques-
tions has been completed, the examiner should tear off the strip chart and
examine the measured peak values of each response. The chart has fifty
divisions from side to side with a dark line every five divisions. In the event
that the differences in measure value of the responses are not all easily

: 7N
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patterns.

discernible, the examiner may wish to quickly count up the number of divisions -

for cach response after cach test and record the number next to that res-
ponsc peak.

The assessment protocol basically follows what is termed the Zone of
Comparison Logic. The first several innocuous questions establish a non-

~ stress pattern, even though the very first response can be interpreted as

stressful. The paired crime, non-crime questions should result in a definitc
pattern of deviation from the previously established non-stress pattern.
Empirical evidence has shown that this deviation can occur as either an
increase or a decrease in the gross amplitude or height of the responses.
Within the deviation from the non-stress pattern the assessment of deceit
should be made on the overall deviation of the crime-related responses and
the non-crime, stressful responses. This is the zone of comparison. This
assessment should be based on the second and third repetitions of the set of
questions. It was found that the first repetition was either ambiguous or a
reverse of the patterns of deviation of the second and third repetitions. The
precise causes are unknown, although it is felt that the stimulation test which
follows the first test is a definite factor in bringing out the valid response

The assessment of the stimulation test is slightly different from the
standard peak of tension logic used in polygraph work. The first response

- acts as a guide in assessing stress.  If this response is of a low amplitude

relative to the other five, then the lowest or next to lowest (if the first res-
ponse is the lowest) in amplitude response should be interpreted as the deceit-
ful response. Similarly, if the first response is of a high amplitude relative
to the rest, then it is the greatest amplitude which is considered indicative

of deceit. If the first response is neither, then-the response of greatest
deviation is indicative.

The following is a sample set of questions which might be used in an

_examination:

(1) Is your last name Smith?
(2) Are you stationed at Fort Z?
- (3) Do you enjoy classical music?

(4) ~ On April 5, 1972, did you steal three-hundred dollars from the -
'main commissary?

(5) Did you ever steal money from your mother's p'u,rse?

-81-
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(6) Did you steal that thfoe—hundréd dollarg?

(7) While you were in high school, did you ever cheat on a test?

>(8) Do you believe in Santa Claus?
(9) Do you know for sure who stole the mone& from the commissary?
(10)  Have you ever lied to a superior officer?

This section describes the assessment of the prototype analysis of a

tape recording made during the interrogation of a subject suspected of theft.
Figure 8 is the graphlcal output of the prototype for this subject's voice

‘responses. i

Responses numbered 4, 6, and 9 are responses to non-issue stress-
inducing questions. These are Xy's. Responses numbered 5, 7 and 10 are
responses to issue questions. These are the Xy's. The sums of the Xj's and
XN's are 69 and 96 respectively. Since the sum of X;'s is less than the sum
of Xn's, an assessment of innocent is indicated. To establish a level of
confidence for this assessment:

XN/XI = 96/69 = 1. 39

which is just outside the experimentally developed lower rahge of 1.4, With-
out strong reason to suspect guilt, this assessment of innocent should be

- accepted.

-32-
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VOICE ANALYZER

1., CHARACTERISTICS OF THE VOICE ANALYZER

The voice analyzer is an electronic device which provides a means
of detecting whether an individual is under stress at the time of his
speaking without his awareness or cooperation. It provides this capability
in real-time without the need of interpreting the obtained values. It can
be used in both direct and telephone conversations. The device has been
tested and shown to give a reliable indication of the truthfulness and deceit-~
fulness of the speaker's responses.

The voice analyzer automatically extracts speech parameters from

- the spoken word to determine whether the individual is under stress at

that time., It provides a real-time readout of the likelihood of stress
through either ''red light-green light" indicators or a meter reading, No.
interpretation is required of the user. Permanent records of the spoken
responses can be maintained through an additional inexpensive tape recor-
der and a record of the stress reactions obtained through an additional

" single channel strip recorder.

The device employs off-the-shelf electronic equipment which is
packaged into a unit approximately eight by six by four inches, including
the permanent record attachments,

2, HISTORY OF DEVELOPMENT

The present voice analyzer is the result of a ten year and $100, 000
research and development effort, Five successive prototypes were built
before the present model was achieved. The initial research consisted
of laboratory experiments investigating voicé changes during moments of
deceit, Experimental research, accompanied by the development of
successively more sophisticated engineering models and prototypes, con-
tinued until 1968 when the United States Army contracted to support the
development of a prototype field instrument. Successive contracts with
the Land Warfare Laboratory (LWL) of the United States Army enabled the
development of two successive prototype instruments capable of deter-
mining emotional stress levels in a human speaker. Figure 1 is a drawing
of the last unit delivered to the U.S. Army.
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Numerous tape recordings of subject examinations were obtained
under LWL auspices. Many of these tape recordings were accompanied
by substantive validation of the emotional states of the subjects throughout
the recorded examinations. This validation consisted of electronic moni-

~ toring of three physiological indicators of emotional states: heartbeat

and pulse rate; respiration rate; and galvanic skin response. Other tape
recordings were obtained which had detailed supportive information as
to deceit on the part of the recorded subjects., These tape recordings
were analyzed with the prototype instruments and an assessment of emo-
tional stress or deceit was made for each subject based on the values
recorded by the instruments. Figure 2 is a graphical presentation of
the level of accuracy achieved for the assessment of stress for a number
of subjects. The recorded examinations were analyzed during this United
States Army-supported development phase., A prototype field instrument
was developed for the U.,S. Army as a result of the analysis of numerous
groups of subject tape recordings similar to the above.

The present voice analyzer contains significant improvements to the
instrument provided to the Army. The device provided to the Army required
manual interpretation of the pattern of ratio values occuring for the dif-
ferent responses. The present device provides a direct indication of stress
for each response through the use of either a meter or ‘'red light-green
light' indicators.

3. FUTURE CAPABILITIES

The speech parameter which has been extensively tested is an energy
shift which occurs in a person's speech when under stress. This para-
meter has been shown to be quite accurate in its detection of stress. A
second parameter has been tested on a more limited number of individuals.
This parameter relates to a vibratto effect which increases whan an indivi-
dual is under stress. Exhibit 1and Figure 3 show the increase which
occurs when an individual is under stress. This parameter is believed
to be an excellent one for future development.

4, COMPETITION

There is presently only one device which can be deemed competition
for the voice analyzer. This is the Psychological Stress Evaluator (P.S. E. )
developed by Dektor Corporation. The characteristics of the P.S.E. do
not permit real-time use. It can analyze tape-recorded speech only, The
recorded output of this machine is a complex wave form which must be
subjectively evaluated by a highly trained operator. The developers of
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Exhibit 1
HCPT71EDS

1. . Is your last name Strong? Yes, it is.

2. Are you afraid I will ask you something other than what we have
“discussed? No, I am not.

3. Regarding the crime for which you are charged, will you answer
every question truthfully ? Yes, I will,

4, Is your first name David? Yes, it is,
5. Do you know who took tb;e missing shirts? No, I don't.
6. Are you wearing a brown suit today ? Yes, I am,

7. Did you take any of the missing shirts? No, I didn't.

. 8. Do you like to listen to some kinds of music? Yes, I do..
{ ; : ==
8. - Do you know where the missing shirts are now? No, I don't,
10, Other than what you have told me, have you stolen anything el'se'.\f

Yes, T have.
11, Do you live in Howard County, Maryland? Yes, I do.
12, Are you concerned about some outside issue? No, I am not,

13. *Did you intend to ask the clerk in the stationary section about
removing this paper from the stock room? Yes, Idid.

{

A .
14, Did you intend to return this paper to the stock room? Yes, I did.
15. Did you actually take this paper for your own use? No, I didn't.

16. Were you born in New York? Yes, I was.

"
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the voice analyzer have personal acquaintance with the principal user
and proponent of the P. S.E. and the manner of its use. They are satis-
fied that the limitations of the P. S, E. prevent any major competition.
The P,S.E, does enjoy a growing market despite these major short-
comings., It is sold for approximately $3, 200,

5., '~ PATENT STATUS

On 1 December 1872, three separate patent applications were filed,
The inventor of record is Fred H. Fuller, The three patent applications
are system patents covering the two principal parameters which can
be extracted from speech'to detect stress. Copies of these applications
are included in the Appendix. '

6. POTENTIAL MARKETS

There are a large number of possible markets in which it would be
important to know whether an individual is under stress and/or lying.
The following are some of the larger markets,

(1) Personnel Departments of Business

The personnel departments of most firms have the responsi-

» Dbility of screening potential new employees and verifying their work
history and qualifications. The voice analyzer could provide an
automatic verification of the applicant's statements at the time of
the interview, This would represent a considerable savings in cost
and time. Emotional attitudes towards work and responsibility
could also be determined. :

It is not at all unreasonable to assume that a firm with 75 or
more employees will have a personnel department with this screening
responsibility, Figures from the latest annual census of Social
Security reports indicate that there are approx1mate1y 100, 000 United
States firms with 756 or more employees.

(2)  Psychological Treatment

The emotional state of an individual is of critical importance
in psychological and psychiatric treatment. The voice analyzer
could provide a means of determining levels of emotional stress
during and between treatment sessions, It could serve as a valuable




diagnostic tool in determining what factors are causing an increasing
emotional stress, The clinician could quickly ascertain what topics
to pursue in treatment. He could also measure progress towards
emotional stability during the treatment program.

The American Psychological Association and the American
Pgychiatric Association report that there are approximately 15, 000
privately-practicing clinical psychologists and psychiatrists in the
United States and numerous community mental health centers.

(3) Personal Loan and Credit Organizatidhs

Verification of employment, income, and financial position
of loan and credit applicants represents a substantial cost to personal
loan and credit organizations. The voice analyzer could provide
an immediate and automatic verification of the truthfulness of an
applicant's statements during a personal or telephone application.

Data from the 1970 Census indicate that there are approximately
70, 000 personal loan and credit organizations as well as 17, 000

commercial banks.,

(4) Military and Civilian Personnel Security Screening

There are many military and civilian organizations in which
screening of potential employees or employees being considered
for different positions is necessary for reasons of security., The
voice analyzer could reduce the time involved in verification from
the months it sometimes takes to one or several interviews, The
risk involved with each new employee could be substantially reduced
in highly security-conscious organizations.,

The size of this potential market is not readily subject to
determination. Experience with government agencies and govern-

ment contractors indicates that it is worth pursuing.

(6)  Crime Investigation

The use of the voice analyze *ag a means of lie detection make

it immediately applicable to crime investigation. Much of the deve-

lopmental work was directly with criminal suspect interrogations.

The potential market consists of all police agencies in the
United States. This represents several thousand agencies at the
Federal, State, and County levels. >
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7. ILLUSTRATIONS OF RESEARCH RESULTS

Voice recordings of over 150 men and women were analyzed to
validate the technique of detecting stress through energy shifts. A copy
of Technical Report No, LWL~CR-03B70 entitled "Detection of Emo-
tional Stress by Voice Analysis' is shown in Appendix A to illustrate the

type of results obtained in our research and development efforts.,
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Tigure 1
Results of Three White Suburban Residents
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IFigure 2 .
Results of Four White Liberal Urban Residents
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