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ABSTRACT: This study was designed to evaluate commonly used voice stress analyzers—in this case the layered voice analysis (LVA) system.
The research protocol involved the use of a speech database containing materials recorded while highly controlled deception and stress levels were
systematically varied. Subjects were 24 each males ⁄ females (age range 18–63 years) drawn from a diverse population. All held strong views about
some issue; they were required to make intense contradictory statements while believing that they would be heard ⁄ seen by peers. The LVA system
was then evaluated by means of a double blind study using two types of examiners: a pair of scientists trained and certified by the manufacturer in
the proper use of the system and two highly experienced LVA instructors provided by this same firm. The results showed that the ‘‘true positive’’ (or
hit) rates for all examiners averaged near chance (42–56%) for all conditions, types of materials (e.g., stress vs. unstressed, truth vs. deception), and
examiners (scientists vs. manufacturers). Most importantly, the false positive rate was very high, ranging from 40% to 65%. Sensitivity statistics con-
firmed that the LVA system operated at about chance levels in the detection of truth, deception, and the presence of high and low vocal stress states.
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It is well known that human oral communication contains fea-
tures, which can be used to provide useful information about a
speaker apart from the linguistic content, or meaning, of what was
said, and that this indexical information can prove exceedingly
helpful in forensic work. That is, indexical information includes all
aspects of the speech signal in addition to the meaning of the utter-
ance itself. Included are the identity of the speaker, a speaker’s age,
whether or not they are intoxicated, and their language and dialect.
Also very important is human emotion (including stress), which
constitutes another domain where relevant behaviors can be
detected (1–14). Many of the effects of stress, especially but also
lying to some extent, have been established (2,7,11,15–30). While
it is recognized that lying does not always result in vocal stress
(due to sociopathic conditions, stress muted by certain chemical
substances and so on), it is still thought to constitute the substrata
for deception in the majority of instances (31–37).

Given the general relationships that have been observed between
speech and voice, deception, and psychological stress, it is not sur-
prising that commercial products purporting to measure the acoustic
correlates to stress and deception in speech have been marketed for
over 30 years to both law enforcement and national security agen-
cies. The forensic applications of a successful device would be
numerous, from detecting deception in the statements of claimants,
witnesses, or suspects, to assessing whether or not an individual is
withholding information or providing incomplete information, to
analyzing older audio recordings of speech, and to covertly moni-
toring the speech of individuals of interest to investigators. In fact,

a significant number of commercial ‘‘voice stress analysis’’ (VSA)
systems have been brought to market but, to date, attempts to ver-
ify their efficacy have not been very successful. While a few
authors suggest that these devices might possibly detect deception-
related psychological stress, at least in certain circumstances
(38–41), most research has not supported this position
(31,34,35,37,42–44). A recent review of this literature is included
in the National Research Council’s 2003 report on the polygraph
and other methods of deception detection and credibility assess-
ment, entitled ‘‘The Polygraph and Lie Detection.’’ The scientific
panel concluded that ‘‘Overall, this research and the few controlled
tests conducted over the past decade offer little or no scientific
basis for the use of the computer voice stress analyzer or similar
voice measurement instruments as an alternative to the polygraph
for the detection of deception. The practical performance of VSA
for detecting deception has not been impressive’’ (p. 168).

However, in evaluating these studies, it must be remembered that
many investigators have been limited in their ability to elicit
stressed, and ⁄ or deceptive speech samples with a sufficient degree
of control (33,45–47). Others have examined an insufficient number
of variables (23,32,48–50) or they have carried out only limited
laboratory studies even if reasonably well controlled (34,51–53). In
most instances, researchers have employed a class of experiments
that can be described as ‘‘simulated field’’ studies (36,54). Studies
of this type ordinarily involve testing subjects in the laboratory via
fairly elaborate ‘‘games’’—ones which attempt to mimic naturalistic
settings where individuals produce lies that, if uncovered, would
expose them to some type of jeopardy or punishment. The motiva-
tion behind these simulated field studies appears to be the desire of
the investigator to evaluate the VSA system under the most ecolog-
ically valid conditions. Moreover, some scholars argue that more
controlled laboratory experiments are simply ‘‘games’’ and as they
are ‘‘unrealistic,’’ they provide little-to-no useful information (55).
The counterarguments to that position are that (i) field research
ignores the need for basic system assessment under controlled con-
ditions, (ii) it does not include events necessary for the proper
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determination of system operation, (iii) it does not exclude debili-
tating external variables, and (iv) knowledge is lacking on the
speaker’s actual behavioral states.

These counterarguments reveal the need for highly controlled
and relevant laboratory studies, which can provide both reliable
information and the structure for further field-based work. Hollien
and Harnsberger (56–58) have modeled a three-stage research pro-
gram for this purpose. It systematically examines stress and decep-
tion, both independently and in concert, at several levels. The
program begins with laboratory studies designed to permit an
understanding of the most fundamental relationships between
speech articulation and the behavioral states of psychological stress
and the intent to deceive. Once those relationships are understood
under controlled, and highly structured conditions, field-based stud-
ies of several types can be conducted that maintain, nonetheless,
some degree of control while data are collected in more ecologi-
cally valid (e.g., ‘‘realistic’’) settings.

Model

The three-level model cited above (56–58) was employed as the
basis for this study. The first level involves extensive and highly
controlled laboratory experiments. Here, utterances involving truth-
fulness, deception, psychological stress (and, perhaps other emo-
tions)—at various levels of intensity—are obtained from a variety
of speakers. These behaviors are experimentally induced, are rele-
vant and their presence is verifiable by independent assessment.
The model’s second level focuses on both (i) simulated field and
(ii) actual field research, but studies where only modest levels of
control and verification are possible. At this level, either field sce-
narios are created where subjects are involved in a stressful
encounter (i) such as survival training or (ii) resulting from actual
cases (usually criminal) where interrogation was carried out. The
model’s third level involves actual field experiments—often
referred to as ‘‘real life’’ studies—but those where the data are also
obtained under conditions of high level control and validation.

The present study reports on a large first-level (laboratory)
experiment and the application of these rigorous approaches in the
evaluation of a specific VSA device, the layered voice analysis
(LVA) device produced by Nemesysco (Natania, Israel). Its manu-
facturer claims that it is capable of detecting not only deception in
speech, but a variety of emotional and cognitive states, such as
emotional stress, cognitive effort, fear of discussing a particular
topic, stress due to deception, anxiety, arousal, condescending atti-
tude, physical attraction, and many others. For this study, only the
device’s sensitivity to the presence of deception and of stress was
evaluated. LVA represents a recent iteration of a line of products
that include brand names such as Truster, Truster-Pro, Vericator
(Nemesysco); currently these are marketed in conjunction with
related products such as SENSE (Nemesysco) and VoiceSum
(Nemesysco).

Nemesysco claims that LVA’s sensitivity to a large variety of
emotional and cognitive states is based on methods that are distinc-
tively different from previous voice stress analyzers, such as the
Psychological Stress Evaluator, the Computer Voice Stress Ana-
lyzer, (National Institute for Truth Verification, West Palm Beach,
FL) and other commercial predecessors. Such voice stress analyzers
in one form or another rely on measurements of the acoustic conse-
quences of hypothetical ‘‘microtremors’’ of the laryngeal muscles
employed in vocalization. In contrast, the manufacturer states, in
version 06.50.3 of the LVA manual that the device ‘‘performs a
wide-spectrum analysis, uses an automatic calibration and filters
through emotion levels.’’ In training materials provided to the lead

author, who was certified in the use of the device, LVA is said to
rely upon a ‘‘voice frequency’’ analysis involving the application of
‘‘8000 mathematical algorithms’’ to ‘‘129 voice frequencies’’ that
are affected by ‘‘psychological versus physiological body reactions
to the stress of telling lies.’’ These descriptions are inadequate to
make even the most basic characterizations of what type(s) of
acoustic information are extracted from the speech signal, and how
these might be processed by LVA. For instance, the phrase ‘‘wide
spectrum analysis’’ is not one typically used by speech scientists. It
might refer to a power spectrum, which displays the amplitude and
frequencies of the periodic components of complex waves, which
includes speech signals. It might also refer to a wide-band spectro-
gram, which provides both frequency and intensity information
concerning the speech signal at a high temporal resolution. ‘‘129
voice frequencies’’ could refer to a bank of bandpass filters that
span the range of audible frequencies, or not; the expression ‘‘voice
frequencies’’ does not correspond specifically to any particular class
of analysis techniques employed by speech scientists. In summary,
the device’s overall performance was evaluated, and no conclusions
could be drawn concerning different, specific methods used by
LVA.

Specific Goals

As implied, the purpose of this study was to generate highly
controlled speech materials, which could be used to validly 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 for evaluation of the LVA, a device that
purportedly detects lying and emotional or psychological stress
independently of one other (in contrast with many other voice
stress analyzers on the market). This instrument was tested in a
large double-blind laboratory study, one that did not permit the
on-scene operators to directly respond to events involving human
subjects. It was only through the use of this type of controlled
approach that the characteristics of the device itself could be eval-
uated in a thorough and impartial manner. It was critical to sepa-
rate the performance of the device from any latent abilities of an
operator to detect by ear deception cues directly from the audio
samples. The LVA device is designed to automatically classify
audio recordings of speech in terms of the presence of deception
and emotional stress, among many other cognitive states, without
input from human operators. It was these automatic functions that
were evaluated in the study.

Method

The protocol employed has been previously described in some
detail (56–58). However, it will be briefly reviewed here to insure
a reasonable interpretation of the results obtained.

Subjects

Seventy-eight male ⁄ female volunteers, ranging in age from 18 to
63 years were screened; they represented a diverse demographic
sample of the U.S. population. Further, they had to report holding
very strong personal views about some subject (e.g., politics, reli-
gion, Iraq, etc.). Participants were recruited from local political,
religious, or cultural organizations. They were all screened by the
project’s psychiatrist (third author), who excluded any with medical
conditions or who showed a past history of psychological trauma.
Subsequently, other potential exclusionary mental and physical
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health criteria (the use of drugs, for example) also were assessed
and used in the selection process.

Recording Procedures

The volunteers selected were recorded in a quiet room with two
microphones (Shure SM-10A head-mounted and Sony ECM-737;
Sony Corporation of America, New York, NY) feeding (i) a Sony
TCD-D8 DAT recorder, (Sony Corporation of America) (ii) a digi-
tizer (Model MP-150, BIOPAC Systems, Inc., Goleta, CA) coupled
to a computer, and (iii) a Marantz PMD-221 analog cassette recor-
der; (Marantz America, Inc., Mahwah, NJ) all equipment was cali-
brated. Additionally, digital audio–video recordings of each subject
were made during all experimental runs using a Sony DCR-HC21.
The videocamera was fixed and focused on the subject’s upper
body.

Measurement of Stress Levels

Four methods for the measurement of psychological arousal
and ⁄or stress were administered, either continually or once after
completion of each experimental procedure. They were: (i) two
tests of anxiety ⁄ stress level based on self-reports (administered after
each experimental condition), and (ii) continual body response eval-
uations consisting of galvanic skin response (GSR) and pulse rate
(PR). The anxiety ⁄ stress tests consisted of an ‘‘emotion felt’’ anxi-
ety checklist and a modified version of the Hamilton test (59).
GSR and pulse were measured using the BIOPAC Systems, Model
MP-150.

Speech Samples

Following a familiarization process and baseline calibration, six
different types of utterances were produced by each subject. Each
experimental passage consisted of five to seven sentences, within
which, a 17–25 word ‘‘content neutral’’ sentence was embedded
(near its center). ‘‘Content neutral’’ refers to the absence of any
information that was specific to the topic of the passage. It was
inserted so it could be uttered at the same stress level as was the
full passage and later be excised for separate analysis. The use of
these embedded sentences in the evaluation of the LVA prevented
any of the operators from being exposed to language-based clues
as to the type of speech being produced.

The complete set of speech samples is described below. All were
produced three to five times with only that sample meeting all cri-
teria used in the evaluations:

Baseline (Calibration Sample)—All subjects read a standard-
ized phonetically balanced (unstressed) truthful passage, namely the
Rainbow Passage.

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
spoken.

Sample 3: High-Stress Lie—Samples of this type consisted of
untruths produced under high jeopardy. As stated, all subjects
selected 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 state-
ments that sharply contradicted these strong views and do so while
under the impression that their peers would hear (and see) their
performance.

Sample 4: High-Stress Truth—This ‘‘high-stress only’’ proce-
dure consisted of subjects reading truthful material, namely state-
ments with which they agreed, but about which they were not
particularly passionate. Here, they were conditioned to respond to
the highest level of electric shock that they could tolerate and were
then told that they would receive shocks whenever they produced
the passage. The equipment employed was the electro-stimulus
conditioning unit (STM100C, BIOPAC Systems, Inc.) associated
with the BIOPAC MP-150. After conditioning, electric shock was
administered during the initial, and any subsequent, run where the
subject failed to show highly significant signs of stress.

Sample 5: High-Stress Lie, Dual Stressor—This experimental
condition combined procedures 3 and 4. Specifically, the sample
consisted of harsh lies produced under high jeopardy (as in sample
3), and with the threat and ⁄ or presence of electric shock added (as
in sample 4). This sample resulted in lies spoken under the highest
degree of psychological stress possible.

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.

Procedure

The actual procedure followed an order of presentation, which
grouped the samples that involved stress together (e.g., samples 3,
5, and 4 in that order), and then, following a break, presentation of
those that did not involve stress (i.e., baseline plus samples 1, 2,
and 6). Specifically an experimental ‘‘run’’ was as follows:

1 After providing an informed consent, volunteers were assigned
coded numbers (to insure anonymity) and then completed a
background questionnaire to document their linguistic back-
ground, any history of any speech or hearing disorders, and their
general health. This background information was collected to
aid in any post hoc analyses to account for unexpected individ-
ual variation in response to the procedures.

2 The project’s psychiatrist screened them, covering topics such
as: (i) history of psychiatric disorders, (ii) history of heart condi-
tions, (iii) other physical disorders, (iv) current medication regi-
men, (v) drug ⁄ alcohol use, and so on. None of the subject’s
responses to these questions were recorded. The psychiatrist also
attempted to add an element of uncertainty to the interview to
heighten arousal.

3 Those subjects who qualified were seated in the testing room and
had a head-mounted microphone fitted to them; a second micro-
phone was placed on the table. The GSR and PR transducers
were then taped to two fingers of the right hand (later the electro-
shock stimulator was placed on the subject’s other arm, but only
for procedures 4 and 5). 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 the three high stress ⁄ deception passages (sam-
ples 3–5).

5 After the completion of the stressful procedure runs, subjects
were debriefed as to the actual purpose of the study (they were
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told also that they would not be heard by peers) and they were
set at ease for the subsequent low stress procedures. After the
break, the subjects provided multiple readings of the passage
and samples 1, 2, 6. This pattern was repeated until only utter-
ances at very low stress levels were obtained.

The use of the protocols described above enabled the develop-
ment of a database of speech samples in which stress levels were
documented through physiological and psychological measures. Of
the 78 human subjects processed, 48 were able to complete both
the protocol described above and meet all criteria for final inclu-
sion. These additional criteria focused on the shift in stress as mea-
sured by the physiological correlates and the psychological scales.
All of these measures of stress were examined (first) independently,
and then in combination, to determine whether or not each showed
a significant shift from the unstressed conditions to the stressed or
deceptive conditions.

The four-way combined stress shifts were used to select the 48
subjects who ultimately provided the speech samples for LVA test-
ing. Specifically, the overall stress shifts were computed by averag-
ing the four cited measures after they had been converted to a
common scale and weighted equally. Given this metric, only those
subjects were included whose mean stress level, when lying or
stressed, was actually more than double their baseline stress level.
Specifically, the mean overall stress shift for all speakers was
141% with a mean rise of 129% for male speakers and 152% for
females.

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.

Evaluators

Two teams of examiners assessed the LVA equipment. The first
was a team of two evaluators (i.e., the second and fourth authors
of this report) from the University of Florida who were certified as
competent to conduct LVA analyses by V, LLC (Nemesysco’s
North American distributor). The second evaluation team consisted
of two highly experienced instructors, chosen by the manufacturer,
who traveled to the University of Florida to participate in the study.
Both teams (Institute for Advanced Study of the Communication
Processes [IASCP] and V) classified all samples as (i) either decep-
tive or nondeceptive and (ii) either stressed or nonstressed.

Evaluation Task

The LVA system requires a minimum of sentence-length speech
materials for testing plus a ‘‘balanced’’ portion of an individual’s
normal speech for calibration purposes. Thus, to prepare the 300
speech samples for assessment of LVA, all of the test samples had
to be individually paired with a calibration passage—in this
instance a section of the ‘‘Rainbow Passage.’’ The 300 pairs were
then inputted as single digital audio files following the manufac-
turer’s instructions. After the database was transferred into LVA,
all of the sample statements (i.e., the speech material other than the
‘‘calibration’’ Rainbow Passage) were marked as ‘‘Relevant.’’ It
should be noted that coding speech material as ‘‘Relevant’’ is a
necessary step in the operation of LVA. Only the analysis of the
‘‘Relevant’’ speech materials is summarized in this report. Finally,

the complete set of digital audio files for LVA were assigned ran-
dom filenames (using an alphanumeric code) to insure that no
stress or deception information about the sample was available to
any LVA operator.

The LVA analysis itself was conducted differently by the two
teams of evaluators. The IASCP team at the University of Florida
developed a protocol that did not require judgments by human
operators. This protocol was based on the training received by the
two members of the team who were certified to use the device.
The protocol varied depending on whether or not LVA was being
operated to detect deception or stress. For truthful and deceptive
samples, the ‘‘Final Analysis’’ in the ‘‘Show Report’’ menu in the
Offline mode was examined. If the Final Analysis stated that
‘‘Deception was indicated in the relevant questions’’ for any appro-
priate segment, the target sentence (i.e., the relevant material) was
coded as ‘‘deceptive.’’ For examining LVA’s ability to detect stress,
its ‘‘JQ’’ parameter was used. This parameter is defined by the
manufacturer as one that measures emotional stress (not ‘‘physical’’
stress). In fact, of all the parameters representing emotional or cog-
nitive states, JQ appeared to be most appropriate. Following the
threshold described in the software manual, a sample was coded as
‘‘stressed’’ if the mean JQ level across all relevant segments
(weighted for the duration of each segment) was 35 or greater;
otherwise the sample was coded as ‘‘unstressed.’’ The JQ threshold
of 35 represents a criterion provided by the manufacturer, who did
not provide any greater detail in terms of what JQ range technically
represents. A screen snapshot of the LVA analysis window that
includes the JQ parameter appears in Fig. 1. Given this approach,
no interpretation of waveforms or waveform processing was neces-
sary; rather the analysis was conducted automatically without any
potential operator ‘‘bias’’ or effects.

The manufacturer’s team did not follow the same protocol as
those developed by the IASCP team. Rather, they conducted their
own LVA test while at the University of Florida site. Further, they
did not use a consistent protocol with all samples and, therefore, no
attempt to document their operation of the device can be made.
However, these operators were both highly experienced examiners
specifically selected by the manufacturer. Thus, it is reasonable to
assume that this team’s use of the device was within the manufac-
turer’s guidelines.

Results

The resulting data were evaluated by means of a number of
techniques designed to explore the possibility that the LVA system
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 pres-
ent when in fact it actually is present. That is, true positive rates
measure how often a device accurately classifies a deceptive utter-
ance as deceptive, 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 the device’s ability to correctly discern deception
or stress. An examination of the true positive rate alone does not
provide system accuracy or validity as a high true positive rate can
be the product of either its actual accuracy or simply its bias,
regardless of the actual presence or absence of that behavior being
tested. An accurate device would show true positive rates that are
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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.

As stated, the detection of the presence of stress and deception
was first performed by the two operators that made up the IASCP
team. Their judgments were collated by a technician for subsequent
presentation and statistical analysis. In turn, these judgments were
processed by comparing them to the relevant stimuli (deception
with and without jeopardy, high and low stress).

The results of both teams appear in Tables 1 and 2. Here, com-
parisons of seven different subsets of speech materials were
obtained; they were:
• Analysis 1: All stressed versus unstressed materials.
• Analysis 2: All nondeceptive versus deceptive materials.
• Analysis 3: Stressed versus unstressed materials with deception

absent.
• Analysis 4: Stressed versus unstressed materials when deception

was present.

FIG. 1—Screen snapshot of layered voice analysis (LVA) in the offline mode with the ‘‘Show Segments’’ window open. The column of JQ values for corre-
sponding ‘‘segments,’’ or portions of the audio recording, appears second to last in the display window.

TABLE 1—The percentage of samples coded as ‘‘stressed’’ or ‘‘deceptive’’
by layered voice analysis (LVA) employing the analysis developed by the

IASCP team. 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.’’

Analysis

Accurate Inaccurate

True
Positive

True
Negative

False
Positive

False
Negative

1. Sensitivity to stress
(all conditions)

48 39 61 52

2. Sensitivity to deception
(all conditions)

47 50 50 53

3. Sensitivity to stress
(deception absent)

46 40 60 54

4. Sensitivity to stress
(deception present)

50 37 63 50

5. Sensitivity to deception
(low stress)

42 46 54 58

6. Sensitivity to deception
(high stress)

46 50 50 54

7. Extreme groups
(high-stress lie vs.
low-stress truth)

50 40 60 50

TABLE 2—The percentage of samples coded as ‘‘stressed’’ or ‘‘deceptive’’
by layered voice analysis (LVA) with the VSA database, as operated by the

V team. 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.’’

Analysis

Accurate Inaccurate

True
Positive

True
Negative

False
Positive

False
Negative

1. Sensitivity to stress
(all conditions)

56 41 59 44

2. Sensitivity to deception
(all conditions)

47 45 55 53

3. Sensitivity to stress
(deception absent)

56 35 65 44

4. Sensitivity to stress
(deception present)

56 36 64 44

5. Sensitivity to deception
(low stress)

43 41 59 57

6. Sensitivity to deception
(high stress)

52 54 46 48

7. Extreme groups
(high-stress lie
vs. low-stress truth)

52 60 40 48
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• Analysis 5: Nondeceptive versus deceptive materials when stress
was low.

• Analysis 6: Nondeceptive versus deceptive materials when stress
was high.

• Analysis 7: By an extreme groups design, in which only high-
stress deceptive materials and low-stress nondeceptive state-
ments were examined.

Table 1 provides these analyses for data generated by the IASCP
team. For all seven measures, the true positive rates were below or
near-chance (=50%), ranging from 42% to 50%. Moreover, an
examination of the false positive rates shows that they were highly
similar to the true positive rates (actually, they were slightly
higher), ranging from 54% to 63%. Highly comparable hit and
false positive rates indicate a lack of sensitivity. Thus, all seven
subsets of data showed the same pattern of true and false positive
rates seen in the general analysis.

Two other types of analyses were conducted also. They included:
(i) the conversion of the seven true positive and false positive rates
(found in Table 1) to d¢ (d-prime), a metric of true sensitivity and
(ii) repeated-measures ANOVAs of the proportion of stress ⁄decep-
tion responses for each type of sample. Repeated-measures ANO-
VAs are commonly used in studies of this type; however, they
often are conducted only on the true positive rates. Yet, the prob-
lem of detecting the presence of deception or stress in speech is an
example of the larger problem of stimulus or signal detection. To
illustrate, a device of this type might classify 90% or more of all
samples as ‘‘deceptive,’’ however, this value could be due either to
(i) system accuracy or (ii) the device or human operator being
biased to judge any sample as deceptive. In such a scenario, almost
every utterance that actually involved deception would be correctly
identified (a 90% true positive rate) and, at first glance, such results
would appear to demonstrate that the approach worked well. How-
ever, if the detector was biased to classify all speech samples as
deceptive, most truthful utterances also would be inaccurately clas-
sified as ‘‘deceptive.’’

To test for this relationship, d¢ was applied; it is a procedure
commonly used in analyzing data of this type (60). The d¢ values
can range from 0 to 4+, with 0 referring to no sensitivity at all and
4 (and upwards) corresponding to very high sensitivity. The conver-
sion of values found in Table 1 to d¢ is shown in Fig. 2 (along with
corresponding data from the V team). 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 that value (i.e.,
1) corresponds to only minimal sensititvity. Values that approxi-
mate zero indicate that the system is not sensitive to the behavior
being studied—in this case stress ⁄ deception. Across all seven anal-
yses, d¢ was quite low, ranging from )0.35 to )0.08. These values
were well below the threshold for even a limited degree of sensitiv-
ity to deception or stress, let alone the threshold for being charac-
terized as ‘‘accurate.’’

Two separate repeated-measures ANOVAs also were conducted
for evaluating LVA’s performance with the VSA database from the
basic study: One (the stress analysis) used the raw JQ values and
the other (the deception analysis) used the ‘‘Deception Indicated’’
(DI) counts from the ‘‘Final Analysis’’ in the ‘‘Show Report’’ menu
in the Offline mode. In the stress analysis, the unstressed and the
stressed sample means were virtually identical (mean JQ = 36 and
34, respectively) and nonsignificant in difference (F[1, 95] = 2.98,
p = 0.09). For the truthful versus deceptive speech samples, the DI
rates were also not significantly different (F[1, 95] = 1.40,
p = 0.24).

The corresponding responses from the V team are provided by
Table 2. These are not values averaged for the two operators.
Instead, as per their request, they were permitted to consult together
and offer a single judgment for each speech sample. Yet, when the
V team’s results are examined, their true positive rates were quite
similar to those seen for the IASCP team. Further, all were close to
chance. False positive rates were also quite high and exceeded the
true positive rates in all but two analyses (‘‘Sensitivity to Decep-
tion’’ and ‘‘Extreme Groups’’). The conversion of these raw values
to d¢ scores, shown in Fig. 2, reveals the device’s insensitivity to
stress and deception, with values hovering near zero ()0.40 to
0.30). Two repeated-measures ANOVAs were also conducted, sep-
arately for the stress and the deceptive materials. Neither factor
was significant (Stress: F[1, 94] = 1.79, p = 0.18; Deception:
F[1, 94] = 0.49, p = 0.49).

Discussion and Conclusions

The goal of this study was to evaluate the LVA using a database
of truthful and deceptive speech produced in the presence ⁄ absence
of a measurable degree of psychological stress. The LVA is a

FIG. 2—Sensitivity (d¢) measures for the IASCP and V team’s analysis of the layered voice analysis (LVA). Seven different analyses are shown within this
figure and are coded by color (V team results in black; IASCP team results in white). Minimal acceptable sensitivity was set at 1.

HARNSBERGER ET AL. • EVALUATING LAYERED VOICE ANALYSIS 647



device designed to automatically detect both stress and deception
in speech, among many other psychological states. This instrument
was tested in a manner that controlled for ‘‘operator’’ variables,
operator here referring to a human user who must make evaluative
judgments about the device’s output. The analysis of the device’s
performance was made over the entire dataset for stress and decep-
tion separately, as well as specific subsets of the data, to permit a
careful report of its abilities.

Overall, the LVA did not display the expected sensitivity to the
presence of deception, truth, and ⁄ or high ⁄ low stress in the speech
samples that constitute the experimental database for this project.
The observed true positive and false positive rates varied by the
particular team and by the particular analysis conducted. However,
sensitivity, measured by d¢, remained only slightly above or below
zero across all of these conditions. The conversion of the raw pro-
portions to d¢ was critical in observing the performance of this
device. That is, d¢ essentially specified the LVA system’s capacity
to detect stress ⁄ deception by taking into account its tendency to
also classify truthful and ⁄ or unstressed samples as deceptive and ⁄ or
stressed (i.e., its false positive rates). This general observation of
the device’s insensitivity held true for not only the general mea-
sures, such as sensitivity to stress or sensitivity to deception in all
conditions but also for the analyses of subsets of the data. These
subsets included stressed versus unstressed materials in the absence
of deception, stressed versus unstressed materials in the presence of
deception, truthful versus deceptive materials in the absence of
stress, and truthful versus deceptive materials in the presence
of stress. In addition, the ‘‘extreme groups’’ analysis compared
materials that were most distinct from one another: deceptive mate-
rials produced under high stress versus truthful materials produced
under low stress. In none of these five subsets did the LVA display
any sensitivity to either stress or deception.

The raw data and all statistical analyses suggest only chance-level
performance by the LVA, which can lead to the conclusion that the
LVA is insensitive to deception and stress outside the laboratory.
There are some common alternate interpretations of the results that
could be used to argue that the device was not adequately tested in a
laboratory study. For instance, the negative results could reflect limi-
tations in the protocols used in the development of the speech data-
base. Essentially, it may be argued that the stress shifts documented
for the speech samples were not of a comparable magnitude to those
induced in situations outside of the laboratory—e.g., those such as
interrogations of individuals by police officers or military interroga-
tors. In such cases, the ‘‘real-world’’ levels of stress might be higher
than the psychological stress that can be generated in a laboratory set-
ting on a college campus.

This interpretation might be a difficult one to rule out except
(i) subjects’ stress levels were measured to be demonstrably high
and (ii) if only true positive rates were assessed. However, an
assessment of LVA’s performance on truthful and unstressed
speech samples served as a robust control, one that permitted the
examination of the device’s potential bias to flag speech samples
as deceptive in either the presence or absence of deception. If the
database, collected under highly controlled conditions, contained
inadequate levels of ‘‘real-world’’ stress, then very low false posi-
tive rates (near zero) would have been observed. In other words,
if measurable stress or deception were not present in these sam-
ples, LVA should not have detected stress or deception in any
portion of them. In fact, high false positive rates were the norm
across all sets of speech materials and across both teams of oper-
ators: roughly half of the unstressed and truthful samples were
classified by LVA as exhibiting stress and deception, respectively.
A device that is, in fact, sensitive to these states should not

falsely detect them if the procedures employed actually failed to
elicit them.

The argument that laboratory speech samples lack any form of
ecologically valid stress and ⁄ or deception is even less plausible
when the specifics of the LVA system are considered. Its manufac-
turer claims that the device detects a wide variety of cognitive and
emotional states. To do so, it must not only be sensitive to the rela-
tionship of the acoustic cues within the speech signal to the behav-
iors under study here, it also must exclude all other candidate
cognitive states (e.g., stress due to past traumatic experiences, fati-
gue, degree of concentration, sexual arousal, intoxication, imagina-
tion level, to name just a few). For the LVA device to discriminate
among such a large set of cognitive states, it must be highly sensi-
tive to whatever acoustic attributes of the speech signal reflect
those states. Presumed sensitivity at these levels suggests that LVA
should be able to perform very well with our laboratory samples as
they contain both deception with severe jeopardy and documented
levels of significant stress. Actually, LVA’s false positive rates
were found to be consistently higher than their corresponding true
positive rates. Thus, when both of these rates were converted to a
single d¢, no actual sensitivity to stress and deception could be
observed.

Why, then, are the results of this double-blind study so at odds
with the manufacturer’s claims concerning the efficacy of LVA?
As with the polygraph, it may be possible that some of the field
success reported for the LVA system (i.e., by law enforcement and
intelligence personnel) may actually be because of the skill of the
interrogator, rather than the validity of system output—that is that
he ⁄ she may pick up cues directly from the on-going interviews
rather than from LVA output. As stated, it is difficult to understand
the basis for the manufacturer’s claimed successes by any other
means. Undoubtedly, research investigating the relationship
between the operators and this equipment should be carried out. At
this juncture, it can only be said that the device itself does not
appear capable of independently discriminating among utterances
that are truthful and untruthful or stressed and unstressed.

It also should be noted that the focus of this research has been
on deception and high stress states. 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. This issue can be of particular
relevance to intelligence and counterintelligence operations.

Finally, the results also highlight the longstanding need for a
greater understanding of the basic relationship between psychologi-
cal stress, deception, and the articulation of speech (with its corre-
sponding acoustic consequences). Such a basic research program
on the acoustics and perception of deception and stress should also
encompass speech materials from multiple speakers, a variety of
noise environments, and perhaps most importantly, multiple lan-
guages. It is well known that languages differ from one another in
myriad ways, including their inventory of specific speech sounds,
the rhythm or tempo of their conversational speech, as well as their
pitch patterns, either in the form of tone languages (such as Manda-
rin) or in intonation (e.g., pitch patterns that change over the course
of an entire utterance). To the extent that deception detectors rely
on such patterns in speech, they may not be designed to cope with
such cross-language variability. For example, changes in vocal
pitch that differentiate words in a language such as Mandarin might
be misclassified as ‘‘excessive pitch variability’’ that is indicative of
psychological stress or the intent to deceive. Such a detector would
falsely classify Mandarin speech as stressed or deceptive regardless
of the speaker’s actual intent. To date, no research has been
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conducted on the validity of any models of voice-based stress and
deception for speakers of other languages. Such research should
provide both robust information about the way to detect deception
in the field and data, which could provide manufacturers with addi-
tional information on which to design more effective devices. Per-
haps of yet still greater importance, data of this type would provide
methods which, when combined with other types of behavioral
assessments, could be potentially effective in the development of
multiple-factor systems designed to reliably detect ⁄ identify the cited
(and related) behaviors—especially those where no invasive equip-
ment is involved.
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