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Evaluation of the NITV CVSA

ABSTRACT: The purpose of this study was to evaluate a commonly used voice stress analyzer, the National Institute of Truth Verification’s
(NITV) Computer Voice Stress Analyzer (CVSA), using a speech database containing materials recorded (i) in the laboratory, while highly controlled
deceptive and shock-induced stress levels were systematically varied, and (ii) during a field procedure. Subjects were 24 each males/females (age
range 18-63 years) drawn from a representative population. All held strong views on an issue and were required to make sharply derogatory state-
ments about it. The CVSA system was then evaluated in a double-blind study using three sets of examiners: (i) two UF scientists trained/certified by
NITV in CVSA operation, (ii) three experienced NITV operators provided by the manufacturer and (iii) five experimental phoneticians. The results
showed that the “true positive” (or hit) rates for all examiners ranged from chance to somewhat higher levels (c. 50-65%) for all conditions and
types of materials (e.g., stress vs. unstressed, truth vs. deception). However, the false-positive rate was just as high — often higher. Sensitivity statistics

demonstrated that the CVSA system operated at about chance level.
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A Perspective

It is well known that the speech signal contains features which
can be used to provide information about a human. Speaker identi-
fication is an example. It is an area based on sets of established
speaker-specific phonatory properties (1-6). Another such area
involves the detection of alcohol intoxication as it is reflected in
voice and speech. Here too, substantial research is available to
describe those relationships (7-12). Human emotion (including psy-
chological stress) constitutes yet a third domain where relevant
behaviors can be detected in voice (1,13-19).

Most of the mechanical and neurological bases for these relation-
ships are reasonably well established. That is, as the speech act rep-
resents the output of a number of high level and integrated
physiological systems, it appears appropriate to assume that the
process may reflect any number of behaviors. That is, as the oral
production of any language involves the use of multiple sensory
modalities, high-level cognitive functioning, complex cortical pro-
cessing and a large series of motor acts (20,21), it is legitimate to
predict that even more subtle operations — such as the detection of
deception and/or truth from speech and voice — might be possible.

Detecting Truth—Deception—Stress from Voice

There is no question but that a device which could be used to
detect the presence of truth, deception and/or stress from voice and
speech would be of great value to law enforcement and intelligence
agencies; indeed, they hold a particular relevance to many forensic
operations. Several currently existing systems are purported to meet
these needs. As a group they usually are referred to as “voice stress
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analyzers” and they will be so identified in this paper even though
their function may or may not be based solely on “voice stress”.
While none of the pertinent manufacturers provide any scientific
evidence on the efficacy of their devices, most of them have been
studied by others. However, the research that has been reported for
several such systems has ranged from mixed to negative. First,
while some authors suggest that these devices might detect stress —
at least under certain circumstances (22-25) — most of the relevant
data have not supported that position (2629 and see below). On
the other hand, it also can be said that, to date anyway, none of the
instruments evaluated have been afforded a reasonably comprehen-
sive assessment. Some investigators simply have not controlled
their procedures at a level which would permit acceptable data to
be generated (30-33). Others have either not assessed a sufficient
number of variables or carried out research that was too limited in
scope (34-36). The focus of yet others has been somewhat narrow
(36-38), involved only small laboratory studies (22,24) or was too
restricted, even if reasonably well controlled (39-42). Some
researchers have limited their efforts only to field studies (43,44)
and, no matter how competently the investigation was carried out,
this approach alone does not provide enough relevant information.
Only Nachshon and Feldman (45) attempted both laboratory and
field studies. However, even here, their effort lacked breadth and
sufficient control. In any event, an overall summary of the cited
research suggests that none of the devices tested were capable of
validly detecting psychological stress, truth and/or lying from cues
embedded in motor speech.

A Model

As may be inferred, it is necessary to specify the types of experi-
ments which should be carried out when addressing the challenge
of properly evaluating deception detection equipment or spoken
truthfulness in voice. For example, the most common approach to
system evaluation has been to conduct “simulated field” studies.
The reason for doing so appears to be the desire to determine if
they will work under “real life” conditions. In addition, there are
individuals who argue that a “field” approach is necessary, as
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laboratory-type experiments are simply “‘games” and, being “‘unre-
alistic”, they can provide little-to-no useful information (46). On
the other hand, it is well established that field research (i) ignores
the need for basic system assessment under “‘controlled” conditions,
(ii) cannot include many events necessary for the proper determina-
tion of system operation, (iii) does not exclude debilitating external
variables and (iv) often discounts the speaker’s actual emotional
state. Thus, it appears that little can be gained from a “field study
only” approach as, lacking reasonable controls, it is not ordinarily
possible to determine if the information thus obtained is valid.

As would be expected, these differences of opinion create a very
real dilemma. It is clear that laboratory level control is necessary in
research of this type, but can such an approach be “realistic”
enough to provide useful data? On the other hand, is it possible to
conduct field experiments that are precise enough to generate valid
data? Our response is in the affirmative to both questions and “‘a
three-level model” has been developed in support of this position.

At its first level, this model would involve extensive and highly
controlled “laboratory experiments”. Here, utterances involving
truthfulness, deception, psychological stress (and, perhaps other
emotions) — at various levels of intensity — would be obtained from
appropriate speakers. These behaviors would be experimentally
induced, would be relevant and their presence would be verifiable
by independent assessment. The model’s second level would focus
on both (i) “simulated field” and (ii) “actual field” research, but
studies where only modest levels of control and verification are
possible. The material would be drawn primarily from the Forensic
milieu but also from relevant intelligence sources. In one of these
two, a field scenario would be created where subjects would be
involved in a stressful encounter or when they are lying in a stress-
ful training situation. The other of the two (second level)
approaches would include actual cases involving forensic-type
interrogations (usually criminal). However, in neither of the cited
instances could the speaker’s actual stress levels (or guilt) be fully
verified. The model’s third level would involve “actual field”
experiments (most of them of the forensic-type) — commonly
referred to as “real life” studies — but those where the data were
obtained under high levels of control and validation. In this
instance, the responses would be obtained where an actual crime
could be committed. An example would be where inmates of a
prison are interrogated (and recorded) as to whether or not they
had recently ingested certain illegal drugs. Their culpability would
be measured by a standard blood test; their stress level by the phys-
iological measures employed in the laboratory experiments.

All three approaches lead to the development of test vehicles at
various levels of sophistication which could be used both in basic
research or to permit evaluation of specific equipment. The analy-
ses to follow are based on a large first-level (laboratory) experiment
and a smaller one from level 2; however, only the evaluation of a
single instrument (i.e., the CVSA) will be reported.

Specific Goals

As stated, this project’s objectives were to generate highly con-
trolled speech materials which could be validly used to test the
ability of a specific device to identify people when they were (i)
speaking the truth, (ii) telling a falsehood, (iii) talking while highly
stressed, or (iv) producing unstressed speech. Specifically, results
are reported of the evaluation of National Institute of Truth Verifi-
cation’s (NITV) Computer Voice Stress Analyzer (CVSA), a device
that purportedly detects lying by means of assessing the level of
stress in spoken speech. As stated that instrument was tested in a
large double-blind laboratory experiment supplemented by a

smaller field study — neither of which permitted any on-scene oper-
ator to observe the human subjects and/or their responses. It is
only through the use of such controlled approaches that the charac-
teristics of the device itself can be evaluated in a thorough and
impartial manner. Indeed, it was judged that, until this project had
been carried out, the CVSA equipment had not been adequately
assessed.

The research approaches highlighted an important problem in
this area. While systems such as this one rely on the effects of psy-
chological stress (as it is reflected in the acoustic properties of
speech) as the only indicator of deception, that supposition may not
be true. For example, numerous other behavioral states can result
in stress-based changes in voice. Thus, it became clear that stress
and deception had to be examined separately, as well as in combi-
nation, to properly model their relationship and permit evaluation
of the targeted behaviors. Moreover, the detection of stress in voice
is important in its own right to both intelligence and law enforce-
ment operations.

Method

As stated, a series of experiments were carried out which were
focused on utterances spoken truthfully, deceptively and with high-
low stress. To do so, a fairly large and somewhat diverse subject
population was required, as were procedures that would induce —
and permit independent measurement of — the desired behaviors.
Further, the individuals using the system had to be well versed in
its operation. Nor could any of these evaluators have any indepen-
dent knowledge of the conditions reflected in the test samples.

Subjects

Seventy-eight adult volunteers, both male and female, were
screened for inclusion suitability. Their ages ranged from 18 to
63 years and they were drawn in a manner that attempted to suffi-
ciently sample the demographics of the U.S. population. Selection
also was based, to some extent anyway, on socioeconomic back-
ground with the volunteers ranging from policemen to students, from
housewives to U.S. Marines, from workmen to clergy and so on.
Further, volunteers had to hold very strong personal views about
some subject (e.g., politics, religion, Iraq, etc.). They were systemati-
cally screened by the project’s Investigator-psychiatrist who first
excluded any with medical conditions or who showed a past history
of psychological trauma. Subsequently, many other potential exclu-
sionary mental and physical health criteria also were assessed and
used in the selection process (see General Procedure section).

Recording Procedures

The volunteers selected were recorded in a quiet (but “live”)
room with two laboratory quality microphones (head-mounted
Shure and Sony ECM-737) feeding (i) a Sony TCD-D8 DAT
recorder, (ii) a digitizer (BIOPAC MP-150) coupled to a computer,
and (iii) a Marantz PMD-221 cassette recorder; all equipment was
calibrated. Additionally, digital audio—video recordings of each sub-
ject were made during all experimental runs. The video camera (a
Sony DCR-HC2) was fixed and focused on the subject’s upper
body.

Measurement of Stress Levels

Mindful of the problems associated with the external determina-
tion of internal stress level (47,48), several procedures were applied



to asses these conditions. That is, five methods presumed appropri-
ate for the measurement of psychological arousal and/or stress
were administered at appropriate times; i.e., either continually or
once after completion of each experimental procedure. They were:
(i) two tests of anxiety/stress level based on self-reports (adminis-
tered after each experimental condition), (ii) a saliva (cortisol) test
(also once per procedure) and (iii) continual body response evalua-
tions consisting of galvanic skin response (GSR) and pulse rate
(PR). The anxiety/stress tests consisted of a 10-pt “emotion felt”
anxiety checklist and a modified version of the Hamilton test (49).
The cortisol level (saliva) tests were accomplished by Salimetrics
LLC, No. 5100 Cortisol Tests. GSR and PR were measured using
the BIOPAC Systems, Model MP-150.

Speech Samples

While the speech samples were created for both basic research
and system evaluation; their nature was especially critical to the
present assessments. Seven different types of utterances were pro-
duced by each subject-speaker. That is, following a familiarization
procedure, the first was elicited for baseline calibration and the six
others for experimental purposes. As would be expected, they were
carefully designed. First, they were extensive enough to provide a
reasonable repertoire of speech with each passage consisting of five
to seven content sentences (over 30 sec total). A 17- to 26-word
““content neutral” phrase or sentence was embedded near the center
of each. It was inserted there so it would be uttered at the same
stress level as was the full passage yet (later) removed for analysis.
Thus, it would contain no language cues (semantic or pragmantic)
about the condition being experienced. An example of such an
embedded phrase is: “This is a position I am very comfortable with
because I have thought about it for a long while and it makes sense
to me.” Note that the text is not specific to any particular topic.
The use of these “content neutral” phrases prevented the system
operators from being exposed to language-based clues as to the
type of speech being produced. The nature of the complete set of
speech samples is described below; all were uttered three to five
times with only that sample meeting all criteria used in the
evaluations:

Baseline (calibration) Sample—All subjects read (several
times) a standardized phonetically balanced (unstressed) truthful
passage, namely the Rainbow Passage. Note, it did not contain a
content-neutral sentence.

Sample 1: Low-Stress Truth—Each subject read a truthful pas-
sage (again, one he or she was permitted to become familiar with);
its content was about a predesignated unemotional topic.

Sample 2: Low-Stress Lie—The low-stress deceptive utterances
were created in a similar fashion except false statements were spo-
ken. “I now live at 3120 Northwest 38th Drive, Camden, New Jer-
sey” (plus related text) is an example.

Sample 3: High-Stress Lie—Samples of this type consisted of
untruths produced under high jeopardy. As stated, all subjects had
been selected from groups that were known to hold very strong
personal views about some issue (included were such topics as gun
control, sexual orientation, religious faith, etc.). They were required
to utter statements that sharply contradicted these strong views, and
to do so while under the impression that their friends and/or other
peers would hear (and see) their performance. In addition, subjects
were instructed to produce these lies in a speaking style that
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strongly suggested that they actually believed them. As with all
samples, these utterances were repeated until all experimental crite-
ria were met.

Sample 4: High-Stress Truth—This was the high-stress only
procedure; it consisted of subjects reading truthful material, namely
statements with which they agreed but about which they were not
particularly passionate. For this procedure, they were conditioned to
respond to the highest level of electric shock that they could toler-
ate. They were told that they would receive shocks whenever they
produced the passage. The equipment employed was the electro-
stimulus conditioning unit (STM100C) associated with the BI-
OPAC MP-150 (the among-subjects stimulus level ranged from 25
to 50 V). After conditioning, electric shock was administered dur-
ing the initial run of the procedure and in any subsequent run
wherein the subject failed to demonstrate highly significant signs of
stress.

Sample 5: Very High-Stress Lie—This experimental condition
combined procedures 3 and 4. Specifically, the sample consisted of
harsh lies produced under high jeopardy (as in Sample 3), but with
the threat and/or presence of electric shock added (as in Sample
4). Therefore, Sample 5 combined two stressors and was used to
elicit lies under the highest degree of psychological stress
permissible.

Sample 6: Simulated Stress—These low physiological stress
samples were obtained after the subject was coached to produce a
truthful passage in a manner reflecting how he/she might speak
under conditions of significant stress. Each was allowed to repeat
this simulated stress procedure until he/she and the experimenter
agreed that utterances produced were different from their normal
speech and presumably “reflected stress” even though it was not
present.

Procedure

The “sample number” specified above does not reflect the actual
order of presentation. That is, the final order employed, within a
subject-trial, grouped the samples that involved stress together (e.g.,
Procedures 3, 5 and 4 in that order), and then, following a break,
presentation of those that did not involve stress (i.e., Baseline plus
Procedures 1, 2 and 6). To be specific, an experimental “run” was
as follows:

1. After giving informed consent, volunteers were assigned coded
numbers (to ensure anonymity); they then completed the ““Sub-
ject Information Form”.

2. The project’s Psychiatrist then screened them using a series of
questions concerning those aspects of their background that
might make them unsuitable for the study. The screening ques-
tions covered a series of specific topics included were: (i) his-
tory of psychiatric disorders, (ii) history of psychological
trauma, (iii) history of heart conditions, (iv) other physical disor-
ders, (v) current medication regimen, (vi) drug use, (vii) alcohol
use, (viii) native speaker of English, and so on. None of the
subject’s responses to these questions were recorded. Those sub-
jects selected were paid $30.00 (at trial completion) for their
participation. Incidently, the Psychiatrist also attempted to add
an element of uncertainty to the interview to heighten arousal
for the high-stress conditions.

3. Subjects were seated in the testing room and had the head-
mounted microphone fitted to them; the second microphone was
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placed on the table. The GSR and PR sensors were then taped
to two fingers of the right hand (later the electro-shock stimula-
tor was placed on the subject’s other arm, but only for proce-
dures 5 and 4). The physiological measures (GSR, PR) were
then initiated and continued for the entire session.

4. Stress Trials. First, two or more runs were carried out with
the subject producing a passage that was judged to be both
(i) offensive to his/her strongly held beliefs and (ii) entirely
untruthful (i.e., Sample 3). The saliva test for cortisol and the
two self-report tests were administered at the end of this proce-
dure. It was followed by those trials that elicited Samples 5
(double stressors) and 4 (electric shock only).

5. After the completion of the stressful procedure runs, subjects
were debriefed as to the actual purpose of the study. The trans-
ducer for administering shock was removed, and they were
engaged in conversation with the research personnel to set them
at ease for the subsequent low-stress procedures. After the
break, the subjects provided multiple readings of the calibration
or baseline passage (i.e., the Rainbow Passage). At the end of
this (calibration) procedure, the saliva test for cortisol and the
two self-report tests were once again administered. This pattern
was repeated for all runs and until only utterances at very low-
stress levels were obtained.

6. Finally, the low-stress trials were run in order; Sample 1:
unstressed (neutral) truthful utterances; Sample 2: the unstressed
deceptive passage and Sample 6: elicitation of a sample of sim-
ulated stress produced under low-stress conditions.

The use of the protocols described above enabled the develop-
ment of a practical database of validated speech samples; one that
contained all of the linguistic information needed to test a variety
of voice stress analysis equipment (such as the CVSA) — plus pro-
vide material for basic research.

Of the 78 human subjects processed, 48 completed both the pro-
tocol described above and met the criteria for final inclusion. These
(subsequent) criteria focused on the ‘“shift in stress” as measured
by the physiological correlates and the self-report scales. All of
these measures of stress (plus cortisol) were examined indepen-
dently to determine whether or not each showed a significant shift
from the unstressed conditions to the stressed conditions. Four of
these metrics proved useful in the subject selection process. They
were GSR, PR, the emotion checklist, and the modified Hamilton
scale.

One measure (cortisol) failed to show significant shifts in an
orderly pattern and was excluded from the composite measure.
Like many other studies (50-56) which have shown mixed results
for cortisol assessment, these averaged measures failed to show a
significant, or even systematic, difference in the anticipated direc-
tion between the unstressed and stressed conditions. In short, it
appears likely that cortisol level did not shift quickly enough to
provide useful information for the rapidly changing experimental
procedures employed.

The four-way combined stress shifts were used to select the 48
subjects who ultimately provided the speech samples for CVSA
testing. That is, the overall stress shifts were computed by averag-
ing the four cited measures after they had been converted to a com-
mon scale and weighed equally. Given this metric, only those
subjects were included in the core database whose mean stress
level, when lying, was actually more than double their baseline
stress level. Stated differently, the mean “overall” stress shift
observed across all speakers was 141% with a mean rise of 129%
for male speakers (range 61-208%) and 152% for females (range
45-392%). The resulting database, then, consisted of 48 speakers,

24 males and 24 females, all of whom produced deceptive and
high-stress statements while experiencing a significant degree of
increased stress but who did not do so for the several low-stress
conditions.

The speech materials cited were organized into 10 sets of 30
samples each (five male and five female) with a total of 56 speak-
ers employed across all 10 (i.e., the 48 recorded under the protocol
plus eight speakers recorded as low-stress foils). The first eight of
these sets (four each for males, females) contained different speak-
ers. The fifth set for each group was developed for reliability evalu-
ations with subjects drawn from the other four. Please note again
that the speech appearing in the database for CVSA evaluation was
drawn from the ‘“‘content neutral” sentence contained in one pas-
sage, each condition. It should be re-emphasized that this sentence
powerfully reflected the stress level being experienced by the sub-
ject even though it did not linguistically reveal content.

The SERE Field Research Materials

A second database also was developed; this one involved materi-
als of the “field research” type. Specifically, a cooperating federal
intelligence agency provided the project with a set of audio—video
recordings of military trainees answering questions while undergo-
ing SERE training (Survival, Escape, Resistance, Evasion). SERE
is a rigorous survival training program where the students are disci-
plined not to reveal any information when captured and interro-
gated by hostile forces.

The SERE trainees took part in a guilty knowledge study in
which they were instructed to lie about several aspects of their
training. The goal of the study was to detect lies embedded in a
large number of truthful responses. In turn, subjects faced punish-
ment if their untruths were detected. Thus, they were lying under a
substantial degree of jeopardy, although they did not face a severe
immediate threat (such as one which was life threatening).

While being recorded on video-camera, the SERE subjects wore
a Vivometrics “Life Shirt” that continuously recorded common
physiological correlates of stress; included were heart rate, breath-
ing and blood pressure metrics. When lying, the SERE subjects
exhibited heart rates typically varying between 140 and 170 bpm
(with 95 being the lowest value recorded). In contrast, their resting
heart rates were quite low; i.e., ranging between 48 and 52 bpm.
Thus, it appeared reasonable to infer that the threat of punishment
associated with this procedure resulted in a substantial elevation of
stress levels during the interrogation.

The “SERE” database included a total of 56 utterances consist-
ing of either a “yes” or a “no” response to a question. These 56
utterances were organized into related sets of eight speech samples,
six sets for the males and two for females. Each set contained sam-
ples drawn from five subjects plus (truthful) foil utterances obtained
from individuals, working at Institute for Advanced Study of the
Communication Processes (IASCP), who were not otherwise
involved with SERE. Each of these eight sets contained three lies
and four truths; all were counterbalanced. The individual samples
were coded for retrieval, to allow for randomization within each
group and to ensure that no pertinent information (about a sample)
would be inadvertently disclosed.

Evaluation Task

As stated, the present task was to evaluate the CVSA equipment
for its ability to detect stress, truth and deception from the analysis
of spoken speech. This device processes very short speech samples



Less FM More FM

FIG. 1—The left chart (Less FM) shows “‘blocking” presumably due to
stress and/or deception (time frame = 861 ms). The right chart (More FM)
shows an absence of blocking (time frame = 474 ms), a pattern which
would be interpreted as unstressed and/or not deceptive.

9% ¢

(ie., such as “yes”, “no”) and its output can be described as a 2-D
chart displaying the duration of the speech signal on the horizontal
axis; the information on the vertical axis is not defined (57). A
sample pair of charts appear in Fig. 1. The left chart is said to dis-
play a voice recording in which psychological stress is present. Its
gross shape would be referred to as “blocking”, due to its general
rectangular form. In turn, the right chart displays a voice recording
in which psychological stress is presumed absent; this judgment is
based on its triangular configuration. Thus, this chart would be
classified as nondeceptive and unstressed. The NITV Manual (57)
states that blocking — the single cue for stress that may be a prod-
uct of deception — results from the suppression of a natural “micro-
tremor” in the muscles that control the vocal folds and speech
articulation. It is claimed that when this microtremor is suppressed,
its acoustic byproduct — referred to as the “inaudible frequency
modulation (FM) component” — is lost. In turn, this results in the
appearance of “blocking” in the signal seen on a CVSA chart.
When the subject is no longer under stress, the microtremor is said
to return and blocking dissipates.

As cited above, the available speech was more extensive than that
required to test the CVSA system. As its operators typically analyze
single syllables, samples of this type were extracted from the con-
tent neutral material found in the Core database. However, care was
taken to follow the manufacturer’s instructions (57) so that the
required procedure would be in no way compromised. In all cases,
the samples selected were single-syllable utterances, which occurred
at the maximum of both physiological measures (GSR and PR). To
avoid introducing artificial errors, three other criteria were applied:
(i) no sample could exhibit an unnaturally abrupt onset or offset
(““artificial” blocking had to be avoided), (ii) the utterance had to
sustain the intensity level (i.e., no trailing voice effect) and (iii) they
had to be produced in the modal (normal) voice register (i.e., no
breathy samples were acceptable nor were those in the falsetto or
vocal fry registers). If a syllable at the physiological maximum did
not meet all three criteria, the one nearest to that level which did
was substituted. Finally, the 300 samples were randomized to ensure
that no stress or deception information based on ordering would be
available to any of the operators. As the SERE samples were single-
word responses (“yes”, “no”) only randomization was required.
Samples were then inputted the appropriate laptop computer using
its sound card and as directed by the manufacturer (57). Once all
samples were inputted, they were classified.

It may seem that inordinate care was taken in preparing the sam-
ples for use in these evaluations. However, this approach was
employed to ensure that the manufacturer’s protocols were met in
an equitable manner and because certain speech waveforms can
show different phoneme-based patterns — depending upon the par-
ticular vowels and consonants being spoken. Such problems, plus
variation in intensity, can complicate the interpretation of CVSA
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output by artificially adding “blocking” where it does not exist.
These problems were avoided by applying the cited safeguards.

Evaluators

The processing cited above was carried out by three teams of
examiners. The first was a team of two evaluators from the Univer-
sity of Florida’s IASCP who had attended NITV school and were
certified as competent to conduct CVSA analyses (i.e., they are the
second and fourth authors of this report). The second evaluation
team consisted of three highly experienced operators (provided by
NITV) who traveled to the University of Florida to participate in
the study. Both teams (IASCP and NITV) classified all samples as
deceptive/stressed or nondeceptive/nonstressed.

A third group of evaluators consisted of five highly competent
Experimental Phoneticians, who were experienced in visually
“reading” acoustic signals (such as waveforms). They were only
asked to judge (forced-choice) if the samples displayed ‘“‘blocking”
or “nonblocking”. In essence they were included as a type of “‘con-
trol” group.

The NITV team represented the one with the greatest experience
with CVSA, indeed, they could be considered “‘experts”. Of course
the IASCP team had been trained by the manufacturer and received
certification; nevertheless, they were less experienced with the
device. Finally, while the Phonetician team were advanced special-
ists in the examination of speech waves for cues relative to the
presence of information within the signal (i.e., words, phonemes,
stress, gender, age, training, identity, etc.), they possessed no spe-
cific experience with devices of this type and had received only
minimal training in the form of instructions. Nevertheless, their
skills permitted a “continuum” of operator expertise to be
developed.

Results

The resulting data were examined by means of a number of
techniques designed to explore the possibility that the CVSA sys-
tem might be sensitive to stress, truth and/or deception. In all
approaches, four rates were calculated: “true positive, false positive,
false negative and true negative”. The true-positive rate (or ‘“hit
rate” in Signal Detection Theory), refers to the proportion or per-
centage of the time that deception (or high stress) is said to be
present when in fact it actually is present. That is, true-positive
rates measure how often a device “accurately” classifies a decep-
tive utterance as deceptive, truth as truth, high stress as high stress,
etc. Equally important is the calculation of the false-positive rates
(also known as the “false alarm rate” in Signal Detection Theory).
They correspond to the percentage of times the signal is said to be
present when in fact it is absent. False-positive rates must be
compared with true-positive rates to determine a device’s ability to
correctly discern deception or stress. An examination of the true-
positive rate alone does not permit specificity of system accuracy
as a high true-positive rate can be the product of either its actual
accuracy or simply its bias to classify the stimulus as positive
regardless of the actual presence or absence of the target behavior.
An accurate device would show true-positive rates that are both
high and significantly different from the false-positive ones. On the
other hand, a device that performs at chance would show relatively
equal true- and false-positive rates.

Finally, the false-negative and true-negative rates also were
determined (they are known as the “miss rate” and “correct rejec-
tion rate”, respectively, in Signal Detection Theory). False-nega-
tives occur when the signal is present but the device classifies it as
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absent. True-negatives are cases in which the behavior is in fact
absent and it is thus accurately judged (e.g., truthful speech samples
that are classified by a device as truthful, unstressed samples that
are classified as absent of stress). Incidentally, this procedure also
can be applied if the task is to determine if a speaker is making
truthful statements. In that instance, the process is “inverted” with
the rate of true utterances becoming the true positive and the lies
becoming the true negative. For simplicity, this report will focus
only on high stress and deception.

Results for the Core Database

The detection of the presence of “blocking” (or nonblocking) on
the 300 CVSA charts was first performed by the two operators
who made up the IASCP team, then by the NITV team, and lastly
by the Phoneticians. They did so separately and without knowledge
of either the specific sample selection or the judgments made by
other operators. Their decisions were given to an independent
investigator (i.e., the PI) who had a technician collate them by team
for the statistical analyses. In short, the experiment was double-
blind in nature. Further, it permitted a large number of analyses to
be carried out; a full accounting may be found in the ‘“Final
Report” submitted to CIFA (58). In turn, the data presented here
will be formulated in a somewhat abbreviated form with only the
main findings discussed.

Actual Condition

Seven separate analyses were carried out; they were based on the
percentage of “blocking” responses (i.e., indicators of psychological
stress) as judged by the three teams. These seven analyses were:
Stressed versus unstressed utterances
Nondeceptive versus deceptive speech
Stressed versus unstressed utterances with deception absent
Stressed versus unstressed materials with deception present
Nondeceptive versus deceptive speech when stress was low
Nondeceptive versus deceptive materials when stress was high
Extreme groups design, in which high-stress lies were contrasted
to low-stress truthful statements.

Nk WL =

The two most important relationships can be found depicted in
Figs. 2a and 2b, and Figs. 3a and 3b. They are, in turn, the data
for the IASCP team (2a) and then the NITV team (2b) first for the
contrast of high and low stress provided by analysis 3 above and
those for deception-truth for the same two teams (see Figs. 3a and
3b). A summary of all seven analyses for both teams may be found
in the Appendix (Table A-1) presenting the data for the IASCP
team and Table A-2 those for the NITV personnel. The data for
the third team (Phoneticians) were very similar but are only par-
tially reported here.

As stated, Figs. 2a and 2b provide a graphic view of the ability
of the CVSA system to discriminate between speech produced
under high-stress conditions when contrasted to that uttered at low

Actual Condition

Judged

Condition High Stress Low Stress
High Stress 57% 62%
(Blocking) (True Positive) (False Positive)
Low Stress 43% 38%

(No Blocking) (False Negative) (True Negative)

IASCP Team

Judged

Condition High Stress Low Stress
High Stress 61% 70%
(Blocking) (True Positive) (False Positive)
Low Stress 39% 30%

(No Blocking) (False Negative) (True Negative)

NITV Team

FIG. 2—(a and b) Identification of stress level in the core speech samples by both NITV trained evaluation teams. The top left value (judged as high stress
when actual high stress existed) and the lower right cell (actual and judged low stress) are the desired contrasts. Note that the highest values are in the

critical “‘false-positive” category.

Actual Condition

Judged

Condition Deception Truth

Deception 64% 62%

(Blocking) (True Positive) (False Positive)

Truth 36% 38%

(No Blocking) (False Negative) (True Negative)
TIASCP Team

FIG. 3—(a and b) Identification of deception and truth in speech samples from the core database (both teams).

Actual Condition

Judged

Condition Deception Truth
Deception 65% 70%
(Blocking) (True Positive) (False Positive)
Truth 33% 30%

(No Blocking) (False Negative) (True Negative)

NITV Team



stress. Note that the IASCP team (Fig. 2a), identified of high stress
at rates that fell above 50% (i.e., 57%); however, also note that
their false-positive rate was even higher (62%). Further, the low-
stress productions are not accurately identified at all (i.e., only 38%
of the time). The relative similarity of the true- and false-positive
rates indicates an inability of the CVSA device to discriminate
among stress levels.

The data found in Fig. 2b (stress results by the NITV team)
show a marked similarity to those found in Fig. 2a. While the
slightly higher true-positive rate (i.e., 61% vs. 57%) would suggest
that this team was somewhat more skillful in detecting stress in
spoken utterances, their false-positive rate of 70% conversely sug-
gests that they simply were being more aggressive in scoring all of
the wave forms as reflecting stress. Note also that they had even
greater difficulty in correctly identifying speech produced under
conditions of low stress.

Perhaps even more to the point are the data depicting truth and
deception. In this case, the contrast was between (i) the very low-
stress truthful statements, and (ii) deception produced under condi-
tions of very high jeopardy. The data here may be found graphed
in Figs. 3a and 3b where the percent correct identification for lies
can be found in the upper left corner and the correct identification
of truth in the lower right. These data can be seen to be of a class
similar to those found for high-low stress utterances. For the IAS-
CP team (Fig. 3a), the detection of deception was higher (64%)
than for stress but the judgments where truthful statements were
judged as falsehoods also remained high (62%). While it was
expected that the three NITV evaluators, being seasoned operators,
would perform better than the two individuals from the University
of Florida, such was not the case (see Fig. 3b). The NITV groups
did show a slightly greater propensity to classify the relevant charts
as showing “blocking” than did the TASCP group (65-64%). How-
ever, this mild bias was reversed for the false-positives (70-62%).
Moreover disappointing was the inability for either group to recog-
nize truthful statements when they occurred (IASCP, 38%; NITV,
30%). In short, the two datasets suggest that members of neither
team were able to correctly recognize deception or truth when they
occurred. Finally, the results produced by the Phonetician team
(five scientists acting as a type of control group) resembled those
of both the IASCP and NITV teams relative to their true-positive
and false-positive rates (see ref. no. 58 for the complete data).
Their true-positive rates ranged between 54% and 65% but, as with
the other teams, their false-positive rates also were similarly high,
varying from 54% to 62%. Overall, the Phoneticians appeared to
be neither better nor worse than either the IASCP team (who had
received extensive training) or the NITV team (a highly experi-
enced group of operators). Moreover, they did not appear to be
able to accurately detect stress or deception from relevant CVSA
traces either.

It should be stressed that when the true-positive rate (e.g., the
actual lies detected) is close to the false-positive rate (e.g., when
actual truths are misclassified as deception), it suggests that the
device actually is insensitive to the “signal” in question (in this
case, deception). However, this inability actually is simply an
example of the larger problem of stimulus or signal detection. To
illustrate, a VSA device might classify 90% or more of all samples
presented as “deceptive”. This process could be due either to sys-
tem accuracy or to the fact that the “machine” or its human opera-
tor desires strong-positive results. In such a scenario, almost every
utterance that actually involved deception would be correctly identi-
fied (i.e., about a 90% true-positive rate) and, at first glance, such
results would appear to demonstrate that the deception ‘“‘detector”
works well. However, for these condition, the false-positive rate
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also would be very high (around 90% also). Accordingly, and as
will be seen statistically, a finding of this type provides strong evi-
dence that the system actually is operating at chance levels.

Statistical Analyses

The first statistical procedure carried out was a traditional one.
That is a repeated-measures ANOVA was conducted, for both
teams, with Stress and Deception as the within-subjects variables.
Repeated-measures ANOVAs are commonly used in studies of this
type; however, they often are only conducted on the true-positive
rates (an inadequate approach) rather than the full dataset (as was
done in this research). In any event, both parameters, as well as
their interaction proved to be nonsignificant for the IASCP team
(Stress  (F(1,95) = 0.634, p =0.43; Deception (F(1,95) = 0.08,
p = 0.78; Stress x Deception (F(1,95) = 2.83, p = 0.10). They were
similar for the NITV team as both relationships, as well as their
interaction, proved to be nonsignificant (Stress (F(1,143) = 0.44,
p = 0.51; Deception (F(1,143) = 0.33, p = 0.57; Stress X Deception
(F(1,143) = 3.19, p = 0.08). These values tend to argue that the
CVSA operates at about chance levels.

For purposes of this project, the more powerful index of sensitiv-
ity d’, or d prime (59), was employed to assess the robustness of
the CVSA product. The data evaluated by this procedure — for both
teams and all seven procedures — can be found summarized in
Tables A-1 and A-2 of the Appendix. First, it can be noted that, in
all seven measures, the TASCP team’s true-positive rates were
slightly above chance (Table A-1); they ranged from 52% to 64%
and that their false-positive rates varied from 52% to 62%. In turn,
these two ranges, as recorded for the NITV operators, were 61—
65% and 61-70% for the true-positives and false-positive respec-
tively. All 14 sets of data were then converted to d’, a measure of
true sensitivity.

The d’ results are found in Fig. 4 (IASCP) and Fig. 5 (NITV).
For interpretive purposes it should be stated that the perception of
any factor would result in d” ranges of between 0 and 4+ — with 0
(or below) referring to no sensitivity at all and 4 (and upwards)
corresponding to very high sensitivity. For a device to be sensitive
to a factor’s presence (deception and high stress in this case), a
d’-value of at least 1 should be attained. Indeed, even this value
corresponds to but a “minimal” level sensitivity. Values that
approximate zero indicate that a system is not sensitive to
stress/deception. Across all seven analyses, d” for the IASCP team
was quite low, ranging from —0.12 to 0.31. Moreover, an examina-
tion of the corresponding d’-values for the three individuals who
made up the NITV team, confirms this observation of very low
sensitivity. As may be seen in Fig. 5, the values for the NITV
personnel were very close to zero for all analyses as they ranged
between —0.32 and 0.13. These figures provide strong evidence that
the CVSA device operates at about chance levels.

The SERE Field Study Results

As stated, the SERE database consisted of a smaller set of
speech samples than did the Core database. Although they ostensi-
bly constituted a more “natural” set of deceptive utterances pro-
duced under stress than those elicited in the laboratory, the level of
experimental control here was but modest. However, the SERE
materials, being monosyllables, were quite suitable for evaluation
by the CVSA system. They were, of course, further processed to
make them even more amenable to CVSA input. First, the audio
recordings were digitally extracted from the video files (sent to
IASCP on individual CDs) and then segmented into individual
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FIG. 4—Sensitivity measures (d’) for the IASCP team’s operation of the CVSA device using the core database. Seven different analyses are shown within this
figure and are coded by color (stress analyses in black; deception analyses in white; extreme groups analysis in gray). Minimal acceptable sensitivity is set at 1.
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FIG. 5—Sensitivity measures (d’) for the NITV team’s operation of the CVSA system using the core database. Seven different analyses are shown within this

figure and are coded by color (stress analyses in black; deception analyses
at 1.

audio files. Each file represented a single “yes” or “no” response
by a SERE subject. Foils were also recorded to make certain that a
number of low-stress samples were included in this database. Sec-
ond, the foils and the original SERE samples were matched in
background noise to eliminate any external cues as to the nature of
the speech materials being inputted. That is, the SERE audio—video
recordings contained significant background noise (as is typical of
materials recorded outside the studio or laboratory environment),
whereas the speech produced by the foil subjects was recorded in
the Speech Perception Laboratory at the University of Florida under
quiet conditions. To match the foil and SERE materials, a sample
of the SERE noise was mixed with each foil file using signal pro-
cessing software. The SERE database was then inputted to the
CVSA computer using its sound card while following the directions
of the manufacturer (57). Once this process had been completed,
the samples were judged by all three teams. As would be expected,

in white; extreme groups analysis in gray). Minimal acceptable sensitivity is set

only data for deception are shown in Table 1; that is, the SERE
database did not consist of both stressed and deceptive samples,
rather only deceptive versus truthful utterances.

TABLE 1—CVSA evaluations by all three teams (IASCP, NITV,
Phoneticians) using the SERE database. The rates that correspond to
accurate performance are “True Positive” and “True Negative”. The rates
that correspond to inaccurate performance are “‘False Positive” and ‘“‘False
Negative”.

Accurate (%) Inaccurate (%)

True True False False
Team positive negative positive negative
IASCP 23 59 41 71
NITV 19 55 45 81
Phoneticians 38 51 49 62
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FIG. 6—Sensitivity measures (d’) for all three teams’ interpretation of the
CVSA charts resulting from the SERE database.

Interestingly, for this database, the true-positive rates were uni-
formly much lower across all teams than were the false-positive
ones. Indeed, they were very low with only 19-38% of the lies
being detected. Moreover, the least experienced team (the Phoneti-
cians) showing the highest true-positive rate. However, they also
exhibited the highest corresponding false-positive rate.

While differences were seen in the comparison of the true- and
false-positive rates in these data, the conversion to d’ failed to
reveal that any team displayed even minimal sensitivity to decep-
tion in these materials (see Fig. 6). All of the values were negative,
as would be expected when true-positive rates were exceeded by
the false-positives. Finally, the results of three repeated-measures
ANOVAs (one for each team) were consistent with the analyses
reported above. For both the IASCP and Phonetician teams, no
effect of the Deception variable was observed (IASCP:
F(1,47) = 3.76, p = 0.06; Phonetician: F(1,95) = 2.94, p = 0.09).
For the NITV team, a significant effect was observed
(F(1,71) = 14.86, p < 0.01), highlighting the large difference
between the false-positive rate (45%) and the true-positive rate
(19%). However, it must be stressed that because the false-positive
rate actually exceeded the true-positive rate, this result simply
meant that the NITV operators were significantly more likely to
classify truthful SERE statements as deceptive than they were to
correctly identify the deceptive utterances. Finally, it should be
noted that the SERE database was limited in size and this factor
tended to restrict generalization of the findings.

Discussion and Conclusions

The CVSA did not display the expected ability to detect the
presence of deception, truth and/or stress level in either the labora-
tory samples that constitute the Core database or the smaller set of
field materials (i.e., the SERE database). Indeed, while the observed
true-positive and false-positive rates varied a little from team to
team (and with respect to the particular analysis conducted) sensi-
tivity, as measured by d’, remained close to zero — often below it —
across all conditions. The conversion of the raw proportions to d’
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was critical in observing the performance of the equipment alone.
Essentially, the d’ analysis demonstrates that CVSA’s capacity to
detect deception-truth and stress levels is only at about chance level
— at least for the databases studied.

While the raw data and statistical analyses suggest only minimal
performance, alternate interpretations should be considered. For
example, it could be argued that the Core database results might
reflect limitations in the protocol used in its development. That is,
the position could be taken that the stress shifts documented for the
speech samples were not of a magnitude comparable to those
induced in situations outside of the laboratory — i.e., those such as
interrogations of individuals by police officers or military interroga-
tors. It might be maintained then that in such cases, the “real-
world” levels of stress might be higher than the psychological
stress, which was generated in a laboratory setting on a college
campus (University administrations carefully regulate the “use of
human subjects” and place limits on how such individuals can be
treated in experiments). Indeed, this interpretation would be a diffi-
cult one to reject if only the true-positive rates were assessed. How-
ever, an evaluation of CVSA’s performance on truthful and
unstressed speech samples served as an important control, one that
permitted the examination of that device’s potential bias to flag
speech samples as deceptive or of high stress in either the presence
or “absence” of these states. If the speech samples (collected under
highly controlled laboratory conditions) contained inadequate levels
of “real-world” stress, then false-positive rates near zero would be
expected. Such was not the case. That is, the system misclassified
the low stress and truthful samples with great frequency. Thus, the
high false-positive rates cannot be explained by arguing that inher-
ent limitations within the laboratory protocols existed; indeed, quite
the contrary was true. Moreover, the same pattern was found in the
SERE experiment, which consists of more naturalistic materials.
Finally, it also could be argued that these investigations did not
reach all of the constituent levels of the research model described
above. Indeed, while appropriate experimentation on the initial
level was successfully completed, only a limited study at the sec-
ond level is reported and no “real life” research was attempted.
This argument is a valid one, excepting that the chance-level results
at the first two levels are discouraging and it is difficult to predict
superior results at the third level — that is if “only the equipment”
is evaluated.

It is a little difficult to compare the present results to those from
prior research. Most of those studies were quite limited in scope; a
few exhibited a clear bias. Another major difference is that the pre-
vious investigators focused their efforts on much earlier systems
and/or models — primarily on the Psychological Stress Evaluator
(PSE). While the CVSA shows commonalities with the PSE, it also
exhibits a number of additional features. Nonetheless, nearly all of
these authors reported that the PSE system they evaluated did not
exhibit the ability to validly detect either deception or high stress.
Perhaps these findings are due to an error in the basic premise on
which system operation is based. That is, even if micro-tremors
existed in the many small muscles of the larynx and pharynx (and,
they appear not to: 37,38), their rapid, varying movements (often
switching back and forth from parallel to opposition) would not
seem robust enough to have any material impact on the phonatory
air stream. In any event, the data reported here are in agreement
with those in the literature.

The results of this project also can be used to demonstrate the
differences between the CVSA and the polygraph. A solid descrip-
tion of the polygraph’s strengths and weaknesses has been pre-
sented in the National Research Council’s 2003 publication *“The
Polygraph and Lie Detection” (60). As may be seen this device
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has been shown to be capable of detecting the presence of elevated
stress when it occurs in a human being. Thus, while examiners’
ability can vary in judging whether or not the observed changes
signal the presence of deception (or that deception is present even
when stress is not), the polygraph does measure tangible physiolog-
ical reactions and the CVSA does not. On the other hand, while
the CVSA has not been shown capable of validly detecting stress
from voice, it might be possible that its sometimes reported success
may actually be due to the skill of the interrogator, rather than the
efficacy of its performance. Or perhaps the CVSA device is useful
simply as a prop. Conversely, however, it would appear unwise for
law enforcement personnel to depend upon a device of this type in
the forensic situation.

Further, the need for the development of systems which can
detect behavioral states from speech and voice analysis is well
established; hence, it appears that relevant basic research is war-
ranted. Further, some modification in research focus also appears
desirable. First, it can be noted that the thrust of this research has
been on deception and high-stress states. Much less emphasis has
been placed on determining when truthful statements are being
made. This slight should be corrected in the future as, in many
cases, it is just as important to discover if the speaker is telling the
truth as it is to determine when he/she is lying. A second impor-
tant issue is that it appears necessary to explore the “basic” rela-
tionships between speech and deception and develop a richer
database of speech samples for (i) the identification of speech/-
voice cues that will be useful in research, (ii) assisting in the devel-
opment of appropriate (new) systems and (iii) the evaluation of
other (and future) commercial voice stress analyzers. These addi-
tional data bases also should be collected in the “real life” environ-
ment — especially where high-stress utterances and high-jeopardy
lies are present and verifiable. While these (latter) types of speech
materials will be the most difficult to acquire, they will constitute
those with greatest overall import.

The basic research program, as described in the model above, pro-
vides guidelines for future research. Furthermore, it should be
extended by developing a “cross-language” database. This approach
is especially justified given the mobility of the world’s peoples in a
global economy and given the distribution of military assets in the
Middle East, East Asia and other regions. To date, no research at all
has been conducted on the validity of any model, technique or
device to effectively address the issue of detection of relevant behav-
iors in the voice of speakers of other languages. Such research
should provide the robust information necessary to identify the pres-
ence of deception in the field. It is recommended that an initial focus
be on Gulf Arabic and Farsi, followed by Chinese and Spanish.

Finally, and perhaps most important, this type of research effort
would provide methods which could, when combined with other
types of behavioral assessments, be potentially effective in the
development of multiple-vector systems designed to reliably
detect/identify the cited (and related) behaviors — especially when
no invasive equipment can be involved. Such methods would be
useful for both forensic and intelligence purposes.
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Appendix

TABLE A-1—CVSA evaluations by the IASCP team using the core
database. It shows the percentage of samples with blocking for all seven
analyses of the dataset. The rates that correspond to accurate performance
are “True Positive” and “True Negative”. The rates that correspond to
inaccurate performance are *“‘False Positive” and “‘False Negative”.

Accurate (%) Inaccurate (%)
True True False False

Analysis positive negative positive negative

1. Sensitivity to stress 61 47 53 39
(all conditions)

2. Sensitivity to deception 58 45 55 42
(all conditions)

3. Sensitivity to stress 57 38 62 43
(deception absent)

4. Sensitivity to stress 64 48 52 36
(deception present)

5. Sensitivity to deception 52 47 53 48
(low stress)

6. Sensitivity to deception 64 43 57 36
(high stress)

7. Extreme groups 64 38 62 36

(high-stress lie versus
low-stress truth)

TABLE A-2—CVSA evaluations by the NITV team using the core database.
It shows the percentage of samples with blocking for all seven analyses of
the dataset. The rates that correspond to accurate performance are ““True

Positive” and “True Negative”. The rates that correspond to inaccurate
performance are “False Positive” and *‘False Negative”.

Accurate (%) Inaccurate (%)
True True False False

Analysis positive negative positive negative

1. Sensitivity to stress 63 39 61 37
(all conditions)

2. Sensitivity to deception 63 39 61 37
(all conditions)

3. Sensitivity to stress 61 30 70 39
(deception absent)

4. Sensitivity to stress 65 39 61 35
(deception present)

5. Sensitivity to deception 61 39 61 39
(low stress)

6. Sensitivity to deception 65 39 61 35
(high stress)

7. Extreme groups 65 30 70 35

(high-stress lie versus
low-stress truth)




