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Correlation Study of Brachial and Forearm Cardiograph Sensors

       Raymond Nelson      
Rodolfo Prado

Abstract

Alternative solutions have been suggested to the traditional brachial arm cuff used in polygraphic credibili-
ty assessment testing to reduce the vulnerability of the cardiograph sensor data to artifacts that may disrupt 
the usability of the data, and to reduce level of physical discomfort that may be experienced and reported by 
polygraph examinees. This study involved the collection of simultaneous time-series recordings of the cardi-
ograph data used in polygraphic credibility assessment testing. Data were obtained using a common form of 
acquaintance or practice test. Correlations were calculated for two alternative locations for the deployment or 
attachment of the cardiograph sensor to the examinee. Replacement of recording sensor technology supported 
by decades of validity research, published statistical models, and exhaustive field experience is a complex task. 
An ideal solution will be a replacement sensor solution in the form of a drop-in replacement that provides a very 
high correlation with the replaced sensor when data are of normal, un-artifacted, interpretable quality, while 
increasing the number of cases for which the cardiograph sensor data remain usable. Results from this study 
suggest that two alternative cardiograph sensor deployment solutions, leg-cuff and forearm-cuff, may be suit-
able for drop-in use, and may provide some advantages in terms of improved data quality. However, concerns 
about potentially serious medical events such as a dislodged thrombosis, regardless of how rare or unlikely 
its occurrence, should preclude further interest in the use of the leg cuff deployment. Continued interest in the 
forearm cuff deployment is recommended.
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Introduction

Scientific credibility assessment testing – often 
referred to as polygraph testing, and common-
ly referred to as lie-detection testing – does 
not detect or measure lies per se, and instead 
relies on proxy signals to make probabilistic 
conclusions. In this way, credibility assess-
ment testing, is like other scientific tests that 
use statistical methods to quantify phenom-
ena that cannot be subject to perfect deter-
ministic observation or direct physical mea-
surement – because they are very tiny, very 
far away, unobservable due to the passage of 
time, or simply amorphous. 

The traditional array of polygraph sensors was 
developed to record several different forms of 
autonomic nervous system activity for which 
empirical evidence has shown to be correlat-
ed with deception and truth-telling at rates for 
which they can be combined in structural and 
statistical models that produce classification 
accuracy rates that significantly exceed both 
random chance and unassisted human-expert 
lie detection. Other sensors have been pro-
posed, including central nervous system, oc-
ular, and facial recording technologies. How-
ever, the computerized polygraph systems 
of today continue to make use of autonomic 
signals, including respiration activity, electro-
dermal activity, vasomotor activity, and car-
diovascular activity. 

The cardiovascular sensor holds the great-
est similarity to medical device technologies. 
Indeed, the traditional cardiograph sensor is 
simply a medical blood pressure cuff used at a 
sub-occlusive or semi-occlusive level of pres-
sure. The traditional location for the attach-
ment of the cardiograph sensor to the examin-
ee – on the upper arm, over the brachial artery 
– is also borrowed from the medical profession. 
However, whereas measurement of blood pres-
sure in a medical setting may take one or two 
minutes, polygraph testing may consist of a 
sequence of questions that may require five to 
seven, or more, minutes to complete. And the 

question sequences will be repeated multiple 
times. Moreover, some examinations may con-
sist of multiple series of test questions, each 
of which may be repeated several times. It is 
therefore not surprising that the cardiograph 
sensor has been described by some polygraph 
examinees as a source of physical discomfort 
during testing. For this reason, there has been 
some interest in a cardiograph sensor solu-
tion that can acquire and record the signal of 
interest with less physical discomfort to the 
examinee. An improved sensor may improve 
the polygraph signals and may also permit the 
examinee to experience less distraction during 
testing. 

Some alternatives have been suggested as po-
tential replacements for the brachial arm cuff. 
These include a fingertip cardio sensor (Cestaro 
& Dollins, 1997) that was reported as not a 
viable alternative for the brachial arm cuff. 
Deployment of the cardiograph sensor on the 
lower leg has also been suggested – though 
this has been discouraged since medical pro-
fessionals suggested that there may be in-
creased risk for causing a dislodged throm-
bosis  with this method [See Handler, Nelson, 
and Floyd (2016) for discussion.].1 Thrombo-
sis is a rare, though potentially fatal, medical 
emergency. No published or anecdotal events 
of dislodged thrombosis are reported to have 
occurred during polygraph testing. However, 
the cautionary statements of medical profes-
sionals should not be taken lightly, and the 
continued use of the leg cuff has been discour-
aged in recent years.

Another proposed solution is the deployment 
of the cardiograph sensor on the forearm. The 
forearm location is reported as less uncom-
fortable than the brachial arm cuff. Whereas 
the upper arm includes large and highly sen-
sitive neurons, especially on the medial side of 
the arm, the forearm engages in frequent con-
tact with the environment and may be more 
tolerant of several minutes of semi-occlusive 
pressure during polygraph testing. The fore-
arm has the additional advantage of better 

1Thrombosis, also thromboembolism, can occur with persons of any age. Risk for dislodged thromboembolism is increased 
with prolonged sedentary activity, such as while traveling or other conditions involving reduced blood circulation. A 
potential hazard is that a dislodged thrombosis travels to the lungs, with the potential for blockage of circulation, damage 
to the lungs, and even death (CDC, 2022, June 9).
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social proxemics – meaning that it may be less 
physically intrusive and more comfortable for 
examiners to work effectively with the forearm 
cuff. 

Replacement of a sensor, within the tradition-
al array of polygraph sensors, is not uncom-
plicated. One approach to such replacement 
would be to obtain a volume of data, using the 
new sensor, that is sufficient to replace the 
data supporting the old sensor. This will in-
clude the recalculation of both the structur-
al models and effect sizes. Another approach 
will be to hope for a drop-in replacement of the 
old sensor – without the need to replicate or 
repeat existing development and validation 
studies. A satisfactory drop-in replacement 
will require a very high correlation between 
data from the old and replacement sensors. 
This project is intended to investigate poten-
tial alternative placements or locations as a 
drop-in replacement for the deployment of the 
traditional brachial arm cuff, including the 
use of the cardiograph sensor on the lower leg2  
and the forearm.

Method

Polygraph data were collected for a cohort 
of young adult polygraph subjects using the 
normal array of polygraph recording sensors, 
along with an additional data interface device 
to record data for a second cardiograph sen-
sor. Two sets of data were collected using the 
two simultaneous cardiograph sensors. 

Participants 

Participants include 16 young adults ages 25 
to 37 with no known medical or mental health 
problems. There were 7 female and 9 male 
participants. All of whom were employed by 
the government of a Latin American country. 

Instrumentation 

Data were collected using a Dell portable lap-
top computer running the Windows 7 operating 

system connected to the LX5000 data acquisi-
tion system (Lafayette Instrument Co.), which 
includes recording channels for thoracic and 
abdominal respiration, cardiovascular acti- 
vity, electrodermal activity, physical activity, 
and vasomotor activity. The data interface de-
vice was integrated with the LXSoftware ver-
sion 11.4.1. An additional data acquisition 
system, an LX4000 (also from Lafayette In-
strument Co., Lafayette, IN) was also integra- 
ted with the recording software. In this way, 
data could be captured simultaneously for the 
traditional cardiograph sensor deployed on 
the upper arm over the brachial artery, and 
a second cardiograph sensor deployed on the 
lower leg and forearm.

Data Collection 

Data collection took place during 2015 and 
was supervised by the authors. Two samples 
were recorded for each participant. The re-
cording activity consisted of a common poly-
graph acquaintance test – a form practice test 
used to familiarize the examinee and ascertain 
the correct functionality of the instrument 
prior to recording data for CQT formats. The 
acquaintance test format was the known-solu-
tion test, in which the subject is presented 
with a series of stimulus questions about their 
surname, and where they are instructed to 
answer incorrectly in response to the question 
that actually includes their surname. [Refer to 
Nelson, Prado, Blalock and Handler (2018) for 
detailed information on the history and use of 
the known solution acquaintance test.]

Two samples of data were obtained from each 
participant. One sample included the tradi-
tional brachial arm cuff with the second car-
diograph sensor deployed on the lower leg. 
Cuff pressures for the brachial cuff were ad-
justed to 65mmHg during testing (Nelson, 
2016). This pressure was selected because it 
is less than the average diastolic blood pres-
sure (120/80mmHg), and therefore assumed 
to be semi-occlusive or sub-occlusive, and 
still sufficient to provide usable polygraphic 

2 Continued use of the leg cuff procedure is not recommended due to concerns expressed by medical professionals involving 
the potential for some increase in the risk of thrombosis. Leg cuff data are included in this analysis because data were 
available prior to the change in recommended procedures, and to show the potential advantages and differences inherent 
to different procedural solutions. 
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3 Mean arterial pressure (MAP) is calculated as DP + 1/3PP where DP is the diastolic pressure and PP is the pulse pressure 
or difference between systolic and diastolic pressures (Handler, Geddes & Reicherter, 2007. According to DeMers & Wachs 
(2022) MAP values of 60mmHg or more are required to maintain perfusion, and reduction of MAP to below 60mmHg for 
extended periods of time may lead to ischemia and infarction. 

data while imposing less physical discomfort 
on the examinee than a high-pressure level. 
Cuff pressures for the leg cuff were increased 
to 90mmHg to improve the data quality, while 
still producing less reported physical discom-
fort to the examinees. Leg cuff pressures were 
close to the average mean arterial pressure 
(MAP)3, and were assumed to remain sub-oc-
clusive or semi-occlusive. The other sample 
included the traditional brachial arm cuff 
with the second cardiograph sensor deployed 
on the forearm. Forearm cuff pressures were 
limited to 65mmHg, well under average MAP, 
and produce less reported physical discomfort 
to the examinee than the traditional brachial 
arm cuff. The two cuffs were deployed on op-
posing sides, right and left, for each sample. 
Sixteen samples were obtained using the al-
ternative leg cuff, and sixteen samples were 
obtained using the alternative forearm cuff.

To better understand the potential similar-
ity and difference of data from different in-
struments operating simultaneously, a small 
number of cases were recorded using two fore-
arm cuffs place on the right and left sides of 
the subject. Graphic results are shown in 
Appendix A for two cases for which the mean 
r = .959. 

Analysis

Data were exported to the NCCA ASCII for-
mat (Editorial Staff, 2019) and imported to 
the R Language (R Core Team, 2022) for sta-
tistical computing. For each case, correlation 
coefficients were calculated for the recorded 
time-series data from the two cardio cuffs. 
Time series data were processed at 30 samples 
per second and were not subject to additional 
filtering or signal processing after recording. 
Mean correlation coefficients were then calcu-
lated for the brachial and leg cuff data, and for 
brachial and forearm cuff data.

Results

Polygraph test data from field examination is 
often observed to be of varying quality. The 

interpretable quality of cardiograph data can 
be impaired by several different types of data 
artifacts, including respiratory blood pressure 
fluctuation, fasciculations, physical move-
ment, extrasystoles (ectopic heartbeats), ar-
rhythmia, general instability, dampening and 
other artifacts. [Refer to Nelson (2022) for a 
description of common cardio artifacts during 
polygraph testing.] It may be expected that 
different deployment solutions for the cardio-
graph sensor may increase or decrease the 
robustness and vulnerability of cardiograph 
data to data artifacts. 

Cardiograph sensor data can also exhibit a 
descending trend for several minutes after the 
initial placement and inflation. This common 
observation is thought by field polygraph ex-
aminers to be possibly due to conformation, 
when pressurized during data recording, of 
the elastic and textile materials used to cons-
truct the cardiograph sensor. This effect can 
be mitigated by careful procedures during de-
ployment and is often reduced after the first 
few minutes of data recording. During field 
polygraph testing, the descending trend may 
be dissipated during the acquaintance test. 
Because this project involved only the ac-
quaintance test, no opportunity for dissipation 
existed prior to data recording. 

Visual inspection of the data for the two sam-
ples suggested they were of acceptable quali-
ty for use or interpretation, though with some 
variation in the ease or difficulty in working 
with the data for all sensor deployments. Also, 
differences were observed the occurrence of 
data artifacts for the different cardiograph 
sensor deployment locations. Data of good sta-
ble quality may vary differently from data of 
marginal or poor quality.

Perfect correlations are not expected for the 
different deployment locations for the cardio-
graph sensor. However, it can be expected that 
the strength of association for the data from 
different cuff locations may vary with data of 
different interpretable quality. Data of more 
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stable quality may correlate more strongly for 
the different recording sensors, while artifacts 
and instability contribute to weaker associa-
tions between the different sensor solutions. 
For this reason, each sample was subject to a 
split half-analysis.

For each sample, correlations between the 
time-series data from the brachial and alter-
native cuff deployments were rank ordered 
and then divided into quartiles. For each sam-
ple, the lower split half consisted of quartiles 
1 and 2, while the upper split-half consisted 
of quartiles 3 and 4. Each split half consist-
ed of ½ of the cases for each sample. Means 
were then calculated separately for each sam-

ple and each split-half. Appendix C shows 
the plotted time-series data for the upper half 
(quartiles 3 and 4) of the leg cuff sample. Ap-
pendix D shows the data plots for the lower 
half (quartiles 1 and 2) of the leg cuff sample. 
Appendix E shows the plots for the upper half 
of the forearm cuff sample, and Appendix F 
shows the lower half. 

Table 1 shows the Pearson correlation coef-
ficient for each split-half of the two sample, 
along with the correlations of all quartiles 
combined for each sample. Confidence inter-
vals were obtained using a Monte Carlo boot-
strap procedure. 

respiratory blood pressure fluctuation, fasciculations, physical movement, extrasystoles (ectopic 
heartbeats), arrhythmia, general instability, dampening and other artifacts. [Refer to Nelson (2022) for a 
description of common cardio artifacts during polygraph testing.] It may be expected that different 
deployment solutions for the cardiograph sensor may increase or decrease the robustness and 
vulnerability of cardiograph data to data artifacts.  
 
Cardiograph sensor data can also exhibit a descending trend for several minutes after the initial 
placement and inflation. This common observation is thought by field polygraph examiners to be 
possibly due to conformation, when pressurized during data recording, of the elastic and textile 
materials used to construct the cardiograph sensor. This effect can be mitigated by careful procedures 
during deployment and is often reduced after the first few minutes of data recording. During field 
polygraph testing, the descending trend may be dissipated during the acquaintance test. Because this 
project involved only the acquaintance test, no opportunity for dissipation existed prior to data 
recording.  
 
Visual inspection of the data for the two samples suggested that was of acceptable quality for use or 
interpretation, though with some variation in the ease or difficulty in working with the data for all 
sensor deployments. Also, differences were observed the occurrence of data artifacts for the different 
cardiograph sensor deployment locations. Data of good stable quality may vary differently than data of 
marginal or poor quality.  
 
Perfect correlations are not expected for the different deployment locations for the cardiograph sensor. 
However, it can be expected that the strength of association for the data from different cuff locations 
may vary with data of different interpretable quality. Data of more stable quality may correlate more 
strongly for the different recording sensors, while artifacts and instability contribute to weaker 
associations between the different sensor solutions. For this reason, each sample was subject to a split 
half- analysis.  
 
For each sample, correlations between the time-series data from the brachial and alternative cuff 
deployments were rank ordered and then divided in to quartiles. For each sample, the lower split half 
consisted of quartiles 1 and 2, while the upper split-half consisted of quartiles 3 and 4. Each split half 
consisted of ½ of the cases for each sample. Means were then calculated separately for each sample and 
each split-half. Appendix C shows the plotted time-series data for the upper half (quartiles 3 and 4) of 
the leg cuff sample. Appendix D shows the data plots for the lower half (quartiles 1 and 2) of the leg 
cuff sample. Appendix E shows the plots for the upper half of the forearm cuff sample, and Appendix F 
shows the lower half.  
 
Table 1 shows the Pearson correlation coefficient for each split-half of the two sample, along with the 
correlations of all quartiles combined for each sample. Confidence intervals were obtained using a 
Monte Carlo bootstrap procedure.  
 
Table 1. Pearson correlation coefficients and [95% confidence intervals] for each split-half of the leg cuff and forearm cuff samples. ( 
 Combined 

(all quartiles) 
Lower half correlation 
(1st and 2nd quartiles) 

Upper half correlation 
(3rd and 4th quartiles) 

Brachial and leg cuff r = .818 
[.539, .971] 

r = .701 
[.521 .815] 

r = .936 
[.863 .973] 

Brachial and forearm cuff r = .852 
[.561 .985] 

r = .734 
[.549 .903] 

r = .969 
[.955 .989] 

 
To further understand the influence of the car-
diograph sensor deployment on the data quali-
ty, data artifacts were coded by the second au-
thor for all cases, including respiratory blood 
pressure fluctuation, physical movements, 
fasciculations, general instability, extrasystoles, 
cardio-arrhythmia, and cardio-dampening. 
A frequency table of artifacts is shown for 
each sample in Appendix B. Table 2 shows 
the bootstrap means and the 95% confidence 

intervals, obtained using a Monte Carlo boot-
strap, for the number of cases for which diffe- 
rent types of cardio artifacts were observed. 
These intervals are an estimate of the range of 
proportions, based on the observed data, for 
which other cases may be expected to exhibit 
these cardio artifacts. Cardio arrhythmia and 
cardio-dampening were not observed in either 
of the two samples but were estimated at the 
.005 value.

To further understand the influence of the cardiograph sensor deployment on the data quality, data 
artifacts were coded by the second author for all cases, including respiratory blood pressure fluctuation, 
physical movements, fasciculations, general instability, extrasystoles, cardio-arrhythmia, and cardio-
dampening. A frequency table of artifacts is shown for each sample in Appendix B. Table 2 shows the 
bootstrap means and the 95% confidence intervals, obtained using a Monte Carlo bootstrap, for the 
number of cases for which different types of cardio artifacts were observed. These intervals are an 
estimate of the range of proportions, based on the observed data, for which other cases may be 
expected to exhibit these cardio artifacts. Cardio arrhythmia and cardio-dampening were not observed 
in either of the two samples but were estimated at the .005 value. 
 
Table 2. Mean and [95% CI] for the frequencies of observed cardio data artifacts 
 Brachial and Leg Cuff (n=16) Brachial and Forearm Cuff (n=16) 
 Brachial Leg Brachial Forearm 
RBPF (mild) .005 

[<.001, .063] 
.312 

[.125, .563] 
.065 

[<.001, .188] 
.186 

[<.001, .375] 
RBPF (moderate to severe) .125 

[<.001, .313] 
.004 

[<.001, .063] 
.440 

[.188, .688] 
.006 

[<.001, .063] 
Fasciculations .064 

[<.001, .188] 
.062 

[<.001, .188] 
.004 

[<.001, .063] 
.004 

[<.001, .063] 
Physical movement .005 

[<.001, .063] 
.005 

[<.001, .063] 
.005 

[<.001, .063] 
.062 

[<.001, .188] 
Extrasystoles .064 

[<.001, .188] 
.062 

[<.001, .188] 
.005 

[<.001, .063] 
.006 

[<.001, .063] 
General instability .005 

[<.001, .063] 
.005 

[<.001, .063] 
.126 

[<.001, .313] 
.004 

[<.001, .063] 
Arrhythmia .005 

[<.001, .063] 
.005 

[<.001, .063] 
.005 

[<.001, .063] 
.005 

[<.001, .063] 
Dampened/unresponsive .005 

[<.001, .063] 
.005 

[<.001, .063] 
.005 

[<.001, .063] 
.005 

[<.001, .063] 
Other artifact .061 

[<.001, .188] 
.065 

[<.001, .188] 
.004 

[<.001, .063] 
.005 

[<.001, .063] 
Descending cardio data (25%) .189 

[<.001, .375] 
.561 

[.313, .813] 
.125 

[<.001, .313] 
.126 

[<.001, .313] 

 
Inspection of the artifact frequencies suggests that deployment of the cardiograph sensor on the leg 
resulted in an increase in descending cardiograph data. Nine (9) of 16 cases in the leg cuff sample 
exhibited a cardio descent of 25% or more of the vertical (y-axis) graphic scale. This may be due to 
conformation and settling of the elastic and textile cuff materials after the cuff is pressurized and may 
subside after the first few minutes. Another observation is that the occurrence of moderate to severe 
RBPF was reduced for both alternative deployment locations, compared to the traditional brachial 
location.  
 
Although the number of cases with moderate or severe respiratory fluctuation in the cardio data 
decreased when the cardiograph sensor was deployed on the leg and forearm, the number of cases for 
which a mild respiration signal was observe increased for both samples. For the purpose of coding 
these data, mild RPBF was defined as slight, though observable respiration pattern in the cardiograph 
data which was not expected to influence polygraph feature extraction or data analysis, and which 
could easily be ignored or overlooked.  
 
A Kruskal-Wallis rank sum test (Hollander & Wolfe, 1999), a form of non-parametric ANOVA, was 
used to check the statistical distance between the frequency of occurrence of the cardiograph data 
artifacts shown in Table 2. This test was used because it does not assume a normal distribution, and can 
work with small sample sizes. With two samples it is equivalent to a Wilcoxon-Mann-Whitney test, 
also a non-parametric t-test, but can better tolerate the existence of tied values.  Differences in the 

Table 1. Pearson correlation coefficients and [95% confidence intervals] for 
each split-half of the leg cuff and forearm cuff samples.

Table 2. Mean and [95% CI] for the frequencies of observed cardio data artifacts
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Inspection of the artifact frequencies suggests 
that deployment of the cardiograph sensor on 
the leg resulted in an increase in descending 
cardiograph data. Nine (9) of 16 cases in the 
leg cuff sample exhibited a cardio descent of 
25% or more of the vertical (y-axis) graphic 
scale. This may be due to conformation and 
settling of the elastic and textile cuff materials 
after the cuff is pressurized and may subside 
after the first few minutes. Another observa-
tion is that the occurrence of moderate to se-
vere RBPF was reduced for both alternative 
deployment locations, compared to the tradi-
tional brachial location. 

Although the number of cases with moderate 
or severe respiratory fluctuation in the cardio 
data decreased when the cardiograph sensor 
was deployed on the leg and forearm, the num-
ber of cases for which a mild respiration signal 
was observe increased for both samples. For 
the purpose of coding these data, mild RPBF 
was defined as slight, though observable res-
piration pattern in the cardiograph data which 
was not expected to influence polygraph fea-
ture extraction or data analysis, and which 
could easily be ignored or overlooked.

A Kruskal-Wallis rank sum test (Hollander & 
Wolfe, 1999), a form of non-parametric ANO-
VA, was used to check the statistical distance 
between the frequency of occurrence of the 
cardiograph data artifacts shown in Table 2. 
This test was used because it does not assume 
a normal distribution, and can work with small 
sample sizes. With two samples it is equiva-
lent to a Wilcoxon-Mann-Whitney test, also a 
non-parametric t-test, but can better tolerate 
the existence of tied values.  Differences in the 
occurrence of cardiograph data artifacts were 
not statistically significant for deployment of 
the cardiograph sensor on the leg [p=.815, 
df=1, x2=.052] or the forearm [p=.939, df=1, 
x2=.006].

Discussion

This study involved the collection of simul-
taneous time-series recordings of the cardio-
graph data using the cardiograph sensor de-
ployed in the traditional brachial location in 
addition to the leg cuff and forearm cuff de-
ployments. Alternative solutions are desired 
for the traditional brachial arm cuff used in 

polygraphic credibility assessment testing for 
two main reasons: to reduce the vulnerability 
of the cardiograph sensor data to artifacts that 
may disrupt the usability of the data, and to 
reduce level of physical discomfort that may 
be experienced and reported by polygraph ex-
aminees. Data were obtained using a common 
form of acquaintance or practice test. Correla-
tions were calculated for the two alternative 
cuff deployments. Very high correlations were 
observed for both sensors when the recorded 
data were stable and of acceptable interpreta-
ble quality. 

Like all projects, this study is not without 
some limitations. The first limitation is that 
this study is limited to the polygraph context 
and does not involve the use of alternative car-
dio cuff deployments in medical use. Another 
limitation of this project is the small sample 
size. Although larger sample sizes are nearly 
always preferred, this small study does pro-
vide interesting information where no previ-
ous analytic information exists. A related li- 
mitation is that data for this study, like many 
polygraph studies, are limited to persons of 
normal functional characteristics in terms of 
both medical and mental health. 

A further limitation of this project is that data 
for this study involved only the acquaintance 
test and does not include data from compa- 
rison question test charts. Although it may be 
tempting to speculate about whether mean-
ingful differences will be observed between the 
cardiograph sensor correlations of acquain-
tance test data and comparison question data, 
such speculation is presently without suppor- 
ting evidence as to any actual differences and 
why such differences might exist. Although the 
present correlation study indicates a very high 
correlation, for polygraph time-series data, 
between the cardiograph cuff deployment in 
different locations, future research should en-
deavor to evaluate polygraph outcome effect 
sizes using the forearm-cuff solution.

Some anecdotal observations were made 
during data collection for this study. It was ob-
served that achieving stable data may be more 
difficult with the leg cuff than with the brachial 
and forearm cuffs. There were more observed 
cases in which the leg cuff data descended 
more than 25% of the graphical y-axis during 
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the acquaintance test exercise. This descending 
pattern can be the result of conformation of 
the elastic and textile cuff materials when 
pressurized. The descending trend in the data 
usually dissipates after a few minutes of time. 
In practical terms, this may indicate that 
effective deployment of the cardiograph cuff 
on the leg may be more complex or difficult.

Deployment of the cardiograph sensor re-
quires intrusion of the examiner into the 
personal space of the examinee and requires 
some physical contact with the examinee. The 
forearm deployment in the personal proxemic 
zone (Hall, 1969) – about 18 to 48 inches sur-
rounding a person – may provide more com-
fortable opportunity for examiners to work the 
cuff to a point of stability prior to data recor- 
ding. In contrast, the brachial arm cuff may 
be considered closer to the intimate zone – the 
space less than 18 inches around a person. 
Deployment of the cardiograph sensor on the 
lower leg introduces the potential for additio- 
nal social and personal difficulties when the 
examiner bends down in front of the exami- 
nee’s legs, and this may contribute to ineffec-
tive deployment and an increased occurrence 
of descending data during the early minutes of 
data collection. 

A not-unexpected observation was that exa- 
minees reported less physical discomfort from 
the deployment of the cardiograph sensor on 
the forearm and leg, compared the traditional 
brachial arm cuff. Causing other physical dis-
comfort to other persons is a potential source 
of ethical controversy, even during professio- 
nal interactions, and is therefore not without 
some need for discussion. Controversy of this 
type may be reduced when alternatives exist 
that contribute to less discomfort. Commen-
surately, the use of methods that contribute 
to physical discomfort may be viewed as more 
ethically questionable when viable alternatives 
exist. No subjective or objective data was cap-
tured in attempt to quantify the level of phy- 
sical discomfort experienced by the examinees 
with any of the deployment solutions used in 
this project. 

Other anecdotal observations were made. A 
potentially useful observation was that respi-
ratory blood pressure fluctuation, a common 

involuntary condition which may complicate 
data analysis, may sometimes be reduced by 
simple strategies such as elevating the fore-
arm, straightening the arm, and deploying the 
cardiograph cuff on the smaller part of the 
forearm above the wrist. A final observation 
was that deployment of the cardiograph cuff 
on the forearm was easier in some ways than 
the traditional brachial location – despite the 
fact that deployment of the cardiograph sensor 
on the forearm with persons with small sized 
forearms required more wrapping of the textile 
part of the sensor. Deployment on the forearm 
may become easier with the use of a cardio-
graph sensor that is sized more optimally for 
the forearm location. A final anecdotal obser-
vation was that conducting the examination 
with less physical discomfort may contribute 
to improved attention to the test stimuli and 
improved signal quality. 

Replacement of a recording sensor solution 
that is supported by decades of validity re-
search, published statistical models, and ex-
haustive field experience is a complex task. A 
convenient or ideal solution will be a replace-
ment sensor solution in the form of a drop-in 
replacement that provides a very high correla-
tion with the replaced sensor when data are 
of normal, un-artifacted, interpretable quali-
ty, while increasing the number of cases for 
which the cardiograph sensor data will remain 
usable. In this project, very high correlations 
were observed between two alternative de-
ployment locations for the cardiograph sen-
sor – the lower leg and the forearm. Correla-
tions were weaker when data from one of the 
sensors was descending more than the oth-
er during recording, and when data was un-
stable. Correlations were stronger when data 
from both sensors were stable and when data 
from both sensors were descending. These 
results suggest that field examiners should 
take care to ensure the stability and usability 
of cardiograph sensor data prior to recording 
onset. 

Results from this study suggest that two alter-
native cardiograph sensor deployment solu-
tions, leg cuff and forearm cuff, may be suit-
able for drop-in use, and may provide some 
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advantages in terms of improved data quality. 

However, concerns about thrombosis, a seri-

ous medical event, however, rare, should pre-

clude further interest in the use of the leg cuff 

deployment. There may be ethical discussion 

around the use of a solution that increases 
medical risk when options exist with less med-
ical risk and which may be similarly or poten-
tially more effective. Replication of this study, 
and continued interest in the forearm cuff de-
ployment are recommended.
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Appendix A
Graphic Plots for Two Forearm Cuffs Appendix A – Graphic Plots for Two Forearm Cuffs 

 
 

Mean correlation r = .959 
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Appendix B
Artifact Codes for Leg and Forearm Cuff DataAppendix B. 

Artifact Codes for Leg and Forearm Cuff Data 
 

Table B-1 – Observed artifacts for brachial and leg cuff data. (B = brachial arm cuff, L = leg cuff) 
Case RBPF  

(mild) 
RBPF 

(mod/sev) 
Fasciculation Phys Mvt Extrasystole General 

Instability 
Arrythmia Unresponse Other Descending 

OGSGRVTB          B L 

TVEHYBQK          B L 

BDWEALAD L        B L B L  

UDFXDVVH           

AOSJYJBX  B         

OHOCSBEB L  L       L 

ZPEGMBHY          L 

JMMXNYDT  B B       L 

NBDUSTSY     B L      

KXQPLAOF L          

WTYOQNQL           

QTXIDVHL L         L 

RRFZYFVS L         L 

WUUCRKKB           

ROTUIIXT           

VHYUQLXN          L 

 
Table B-2 – Observed artifacts for brachial and forearm cuff data. (B = brachial arm cuff, F = forearm cuff) 
Case RBPF  

(mild) 
RBPF 

(mod/sev) 
Fasciculation Phys Mvt Extrasystole General 

Instability 
Arrythmia Unresponse Other Descending 

MZZMPNYC          B F 

KLCTWXIN          B 

EPDYBIFQ           

YCGUIYEF  B        B 

KMXREHQF           

MNHZWYGD           

BGDFAJTX  B        B F 

TWVLVMSD F B         

YMITRQYP  B F          

QLTSJOBX           

XTPCIBJD           

MNSIGFCN F B    B     

JGTBVRYE  B        B 

XNXXJEBE  B        B 

QETHLJDC  B  F  B     

JSJWOJEU           

 
Table B-3. Frequency of cases with observed cardio artifacts, and [95% CI] 
 Brachial and Leg Cuff (n=16) Brachial and Forearm Cuff (n=16) 
 Brachial Leg Brachial Forearm 
RBPF (mild) 0 5 1 3 
RBPF (moderate to severe) 2 0 7 0 
Fasciculations 1 1 0 0 
Physical movement 0 0 0 1 
Extrasystoles 1 1 0 0 
General instability 0 0 2 0 
Arrhythmia 0 0 0 0 
Dampened/unresponsive 0 0 0 0 
Other artifact 1 1 0 0 
Descending cardio data (25%) 3 9 2 2 
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Appendix C
Graphic Plots for Brachial and Leg Cuff Data: Upper Half (3rd and 4th Quartiles)Appendix C –  

Graphic Plots for Brachial and Leg Cuff Data: Upper Half (3rd and 4th Quartiles) 
 
mean(corDAT[rev(order(corDAT))][1:8]) 
# [1] 0.9355954 
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Appendix D
Graphic Plots for Brachial and Leg Cuff Data: Lower Half(1st and 2nd Quartiles)Appendix D –  

Graphic Plots for Brachial and Leg Cuff Data: Lower Half (1st and 2nd Quartiles) 
 
mean(corDAT[rev(order(corDAT))][9:16]) 
# [1] 0.7013204 
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Appendix E
Graphic Plots for Brachial and Forearm Cuff Data: (3rd and 4th Quartiles)Appendix E –  

Graphic Plots for Brachial and Forearm Cuff Data: Upper Half (3rd and 4th Quartiles) 
 
mean(corDAT[rev(order(corDAT))][1:8]) 
# [1] 0.9692815 
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Appendix F
Graphic Plots for Brachial and Forearm Cuff Data: Lower Half

(1st and 2nd Quartiles)Appendix F –  
Graphic Plots for Brachial and Forearm Cuff Data: Lower Half (1st and 2nd Quartiles) 

 
mean(corDAT[rev(order(corDAT))][9:16]) 
# [1] 0.733963 
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In a previous issue of this journal Krapohl 
and Dutton (2022) reported the use of a one-
year exhaustive sample of field screening poly-
graph examinations to investigate the influ-
ence of self-centering (called Automatic) and 
non-centering (called Manual) electrodermal 
filters on manual scoring in the Lafayette In-
struments software.  In brief, the study found 
that the displays for the two electrodermal ac-
tivity (EDA) modes resulted in different scores 
in 189 of the 760 (25%) cases evaluated, and 
different test results in 49 (6%).  Nearly all of 
the differences in the latter related to cases 
where one of the filters resulted in an incon-
clusive outcome and the other either truthful-
ness or deception, but in one case the EDA 

mode would have produced a decision of de-
ceptiveness with one filter and truthfulness 
with the other.  Decision accuracy could not 
be calculated due to the absence of ground 
truth in the source of the data.

In addition to the Manual and Automatic EDA 
modes the Lafayette instrument also has the 
Detrended mode.  The Detrended mode was 
designed to control the degree to which the 
EDA tracing falls toward the bottom of the dis-
play (See Figure 1).  It does not influence the 
EDA tracing in its rise toward the top of the 
display, nor does it change the relative ampli-
tudes of phasic responses  as compared to the 
Manual mode.  

4 
 

Figure 1.  Examples of electrodermal data displayed in the Manual and Detrended modes at the 
same gain setting. 

 

Figure 1. Examples of electrodermal data displayed in the Manual and 
Detrended modes at the same gain setting.

mailto:APAkrapohl%40gmail.com?subject=
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In the present assessment we evaluated a new 
data set of field polygraph cases to determine 
whether the Detrended mode would produce 
different scores and decisions from those that 
were based on the Manual mode.  We were un-
able to find any previous research that com-
pared the effect of using one mode or the other 
on numerical scoring by human scorers. 

Method

Data

From July 1 through December 31, 2022, we 
evaluated all cases submitted for quality con-
trol review from a large sex offender manage-
ment program, a total of 367 cases.  All cases 
were conducted on Lafayette computer poly-
graphs, either LX5000 or LX6.  As with the 
Krapohl and Dutton (2022) comparative study 
of the Automatic mode, cases were anonymized 
prior to submission for evaluation, and conse-
quently no demographic characteristics of the 
examinees could be captured.  Similarly, the 
quality control review of the tracings offered 
no access to information regarding disclo-
sures the examinees may have made during 
the posttest interview, preventing any assess-
ment of the accuracy of the polygraph deci-
sions.  All cases were screening examinations.

The sex offender polygraph program uses 
the Empirical Scoring System (ESS; Blalock, 
Cushman & Nelson, 2009; Nelson, Krapohl & 
Handler, 2008) in which scores of 0 or +/-2 are 
assigned.  Score assignment in the EDA for 
this program requires a minimum difference 
of 10% in response amplitudes between those 
elicited by relevant and comparison questions 
and a minimum response onset latency of 1.2 
seconds. The caliper function in the Lafayette 
software was used to verify whether the 
thresholds had been met.

The total number of possible EDA scores from 
the 367 cases in the sample was 2769.  Data 
from 8 cases (2.2%) were not considered be-
cause of examinee physical countermeasures 
or contaminated data.  The exclusion of those 
scores resulted in 2723 scores for analysis.

Procedure

The first author scored each case with the EDA 
mode set to Manual, which is the standard for 

this sex offender management program, fo- 
llowed by a rescoring in the Detrended mode.  
The information for each case was tracked in 
an Excel spreadsheet which included the case 
number, date of review, testing technique, 
examiner decision, quality control decision, if 
digitized voice was used in testing, and whe- 
ther scores were different between the Manual 
and Detrended mode. 

Results

The scores between the Detrended and Manu-
al mode were identical across all cases.  Given 
the perfect agreement, no statistical analyses 
were conducted.  In addition, no differences 
in the response onset latency between the De-
trended and Manual modes were observed.

Discussion

In this first published comparison between 
the Detrended and Manual modes for the EDA 
tracing in the Lafayette Instruments computer 
polygraph no differences were found in manual 
scores.  While we encourage replication, these 
data support the statement of Lafayette’s 
Dr. Raymond Nelson that the Detrended mode 
preserves the amplitude of electrodermal re-
sponses displayed in the Manual mode.  It 
seems reasonable, therefore, for field examin-
ers to use whichever of Detrended or Manual 
mode they prefer, or to use them interchange-
ably in their scoring.

A previous large sample study (Krapohl & 
Dutton, 2022) found differences in scores be-
tween Manual and Automatic modes. Because 
scores between Detrended and Manual modes 
were found to be identical it follows that com-
parisons between Detrended and Automat-
ic modes would likely find that the scores do 
not always align, and that decisions based on 
manual scores in which the Automatic mode 
was used would differ from those in the De-
trended mode in about one case in four.  

Summary

We found no differences between EDA scores 
in the Manual and Detrended modes. Each 
appears to capture the same scorable infor-
mation from the phasic responses. 
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Limitations

Because the data source and procedures in 
the Krapohl and Dutton (2022) study were re-
peated for the present study, our current find-
ings share the same limitations. 

• Only Lafayette Instruments’ polygraphs 
were used in this study.  While other 
manufacturers also have more than one 
EDA mode, the effect of those modes on 
manual scoring may be different from 
what we found.  We encourage research 
to explore what those effects might be.

• The scoring of electrodermal responses 
in this study required EDR amplitudes to 

be objectively different by at least 10%.  
The present findings may not generalize 
if scorers use a different, or no speci-
fied, minimum threshold when assigning 
scores.

• The scoring method used in this study 
was the Empirical Scoring System.  It is 
not known whether there would be simi-
lar findings with 3- or 7-position scoring, 
rank order methods, or global analysis.  
We know of no such published analyses.

• Ground truth was unavailable, so our 
study could not address the important 
issue of decision accuracy.  It only relates 
to EDA modes on polygraph scores and 
decisions.
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