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A Comparison of Volume and Circumference
Phallometry: Response Magnitude
and Method Agreement
Michael Kuban, M.Sc.,1, 3 Howard E. Barbaree, Ph.D., C.Psych.,1, 2
and Ray Blanchard, Ph.D.1, 2

Penile circumference and penile volume phallometry are laboratory methods of
assessing sexual arousal. Volume phallometry is reportedly more sensitive to responses, but comparative studies have been inconclusive and beset with methodological problems. In this study, 42 self-professed heterosexual volunteers were
assessed with both methods simultaneously, employing a standard test for erotic
partner preference. Pearson correlations between test outcome pro les were very
high (r > .80) for subjects whose circumferential increase was > 2.5 mm [10% of a
full erection (FE)]. However, among lower responders the agreement dropped precipitously (mean r = ¡ .15). Moreover, as a group higher responders differentiated
adult and pubescent age female stimuli from each other and all other categories
with either method, but lower responders made this differentiation only with the
volume method. We conclude that (1) at high levels of response both methods are
equally good, (2) at low levels of response volumetric phallometry is a more accurate measure of arousal, and (3) 10% FE, or a 2.5-mm circumference increase,
should be the minimum response criterion for the circumferential measure.
KEY WORDS: phallometry; penile plethysmography; sex offenders; sexual arousal.

INTRODUCTION
Penile plethysmography (PPG) has been widely employed for sex offender
assessment and treatment. PPG (or phallometry) has a well-established ability
to discriminate between the various offender groups, and between offenders and
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controls (Freund, 1967; Freund and Blanchard, 1989; Freund and Watson, 1991;
Quinsey et al., 1975; see reviews by Lalumière and Harris, 1998; Quinsey and
Lalumière, 1996). Moreover, a recent meta-analysis reported that the PPG measure
of preference for children was the single best predictor of sexual offense recidivism, exceeding all other indicators of sexual deviancy and any developmental,
personality, or demographic variable (Hanson and Bussière, 1998). Although there
are poorly standardized procedures and interpretations in the phallometric  eld
(Howes, 1995), plethysmography is a valuable aid in sexual offender assessment.
PPG employs either of two methods: volumetric or circumferential. Volume
PPG, developed by Kurt Freund (1963; Freund et al., 1965) measures air pressure changes in a small cylinder and latex cuff enclosing the penile body; blood
 owing into the penis alters the intracylindrical air pressure, thereby allowing accurate, although indirect, measurement of the penile volume increase. Circumference phallometry measures penile girth changes with either a strain-sensitive clip
gauge [Barlow type (Barlow et al., 1970) ] or, more commonly, a stretch-sensitive
mercury-in-rubber (MIR) gauge (Bancroft et al., 1966).
Both PPG methodologies are represented in the literature and, for the most
part, are considered equivalent in their discriminative and diagnostic ability. However, because volume increase in the penis is a direct result of increased blood
 ow, the volume measure is true plethysmography; circumference methods measure only one penile dimension and, therefore, approximate volumetry.
Early comparative studies indicated that volume phallometry had a superior
sensitivity because it better differentiated key stimuli when penile responses were
very low (Freund et al., 1974) and because volume increase was often noted prior to
circumference increase (McConaghy, 1974). Moreover, McConaghy (1974) found
that penile girth decreased brie y at initial arousal, while volume increased—a phenomenon commonly called the “inverse” or “mirror” image (see example in Fig. 1).
Earls and Marshall (1983), following from McConaghy’s observation, compared penile length to penile diameter on arousal and found that while initial
elongation increased 28%, diameter decreased 2.5%; then, when elongation had
increased to 50%, diameter increased to 10% above baseline. Batra and Lue (1991),
employing duplex ultrasonography, reported a “pretumescence”  lling phase in
which the cavernous artery doubled both its diameter (from 0.05 to 0.10 cm) and
its blood  ow rate (from 15 to 30 cm/sec). During this period there was marked
penile elongation, without a concomitant change in intracavernous pressure.
Although these early studies supported volumetry as a better measure of
early arousal, and of physiologically differing changes during arousal, they were
methodologically weak. McConaghy’s (1974) study failed to indicate absolute
response levels, sample size, or correlation values. Freund et al. (1974) rejected 34
of 48 subjects due to technical failures associated with the use of the circumferential
Barlow strain gauge and the volume apparatus simultaneously.
More recently, Wheeler and Rubin (1987) found a correlation of .68 between
the two methods and, therefore, concluded that the volume method possessed no
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Fig. 1. Example of “inverse” measures (volume and circumference) during the early arousal phase.

greater sensitivity. Moreover, they noted a high number of movement artifacts on
the volume tracings and concluded by recommending circumferential phallometry. Their study, however, included only six subjects, and they did not employ the
in atable cuff necessary for most volumetric applications (Freund et al., 1974;
Langevin, 1989; although, for exception see McConaghy, 1993). This cuff both
seals the penis within the cylinder and limits movement artifacts—the main problem noted by Wheeler and Rubin.
Furthermore, Wheeler and Rubin (1987) used 10-min video clips of explicit
heterosexual and lesbian erotic stimuli, which produced strong penile responses.
It is reasonable to suspect a high agreement between volume and circumference
changes at high responses; however, phallometric assessments of offenders typically employ stimuli such as slides of seminude children that tend to produce
much lower responses. If a “ lling phase” exists at low responses, producing
penile elongation in the absence of girth increase—or worse yet, elongation and
girth decrement—then volume measures are possibly both more sensitive and more
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accurate during these lower response levels. Although Wheeler and Rubin noted a
high correlation at the initial onset of their stimuli, they also indicated that there was
no response during this period for a number of subjects. “No response” measures
with both methods would produce a high correlation.
Validity at low response levels is of particular concern because there is
presently no de nitive and generally accepted minimum response criterion in the
literature. Howes’ (1995) survey of phallometric centers revealed that 17 of 39
survey respondents who answered a question regarding minimal response thought
20% of a full erection (FE) to at least one test stimulus was necessary, while another 10 considered 10% FE the lower limit. Values ranged from 5 to 30%, with
fewer than half of all respondents endorsing the same value.
At a lower extreme, Harris et al. (1992) concluded that little discriminative
validity was lost by including all subjects, irrespective of response magnitude.
More conservatively, Barbaree et al. (1989) recommended higher cut-off criteria
after reporting that the test–retest reliability was unacceptably low among subjects
responding less than 50% FE. Across the  eld, however, Howes’ (1995) survey
of laboratories found that 1 to 40% of tests are rejected due to “low” responses,
which are commonly considered “random variation.” In fact, Malcolm et al. (1993)
reported discriminant and predictive results after 48% of the original sample was
not included due to low responses. Unquestionably, minimum response criterion is
a critical issue in phallometry—and given the alarming variability of response level
requirements across laboratories, the  eld is in serious need of standardization on
this issue (Howes, 1995).
The equivalency of volumetric and circumferential methods has remained
in dispute over the years (Quinsey and Lalumière, 1996; McConaghy, 1989;
McAnulty and Adams, 1992; Rosen and Beck, 1988), and the current study was
designed to assess the agreement between methods across various levels of arousal.
If volumetry is in fact more sensitive and measures arousal more accurately at low
levels of response, then it may be used as a means of establishing critical cut-off
criteria for the circumferential method at low levels of response.
First, it was predicted that measures taken from both methods would show
high correlations when subjects exhibited large responses. However, for reasons
given above, it was predicted that subjects with lower responses would have lower
correlations between methods. Finally, we examined the data to determine the level
along the response magnitude dimension at which method agreement pointed to a
reasonable minimum circumferential cut-off criterion.
METHOD
Subjects
Forty-two heterosexual males were recruited from a university campus and
informed of the procedure, the aim of the study, and their freedom to withdraw at
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any point. Each subject was interviewed for any medical conditions which might
interfere with testing and for their sexual orientation. All subjects claimed a sexual
preference for adult females and none declined participation. It was emphasized
that the results of the assessment would not be available to them and that any
discomfort or concerns arising from the assessment could be discussed with a
clinician in the department. Subjects were remunerated $20 Canadian for their
participation. No subjects reported undue discomfort, none withdrew, and none
required extended debrie ng. No tests were discarded due to technical or other
problems.
Materials
Penile circumference was measured using a mercury-in-rubber (MIR) strain
gauge connected to a Behavioral Technology Inc. (BTI) SIB 60 UL Gauge Interface
for signal conditioning and interfacing and a BTI Isolated Analog Output Ampli er
for isolation to meet safety requirements. The isolated output was connected to a
Newport Type 215 Digital Panel Voltmeter (0.01-V resolution) and to a differential
input of a 12-bit A/D converter (Data Translation Inc. DT 2811-PGH, 8 input
board) housed in an IBM-compatible PC. Mercury gauges were purchased from
D. M. Davis in sizes ranging from 75 to 90 mm of circumference.
Penile volume measurement apparatus consisted of the Freund-type glass
cylinder and in atable latex cuff (Freund et al., 1965; Langevin, 1989) secured to
the subject by an athletic supporter cup with a 6-cm hole cut in its center lowered
to the base of the cylinder and held in place with Velcro straps attached to the subject’s reclining chair. Flexible rubber tubing connected a narrowed 3-mm opening
at the distal end of the cylinder to a Rosemount (Model 831A) pressure transducer
(range, 1.0 to + 1.0 psi). Voltage output was recorded on a second channel of the
same A/D sampling board as the circumferential device. In-house custom-written
software sampled the data at four samples per second throughout the duration
of each test trial and stored the data on the PC hard drive for later scoring and
analysis.
The test was a standard gender and age preference assessment test routinely
employed in the phallometric laboratory of a psychiatric teaching hospital. It consisted of 28 trials, presented in 4 blocks, with 7 categories of stimuli in a  xed
random order in each block. The seven categories included slides of nude male
and female adults (approximately 20 to 25 years of age), early pubescents (approximate age, 12), and children (approximate ages, 6 to 10); included also in each
block was a “neutral” category of landscape-type scenery. Slides were projected
via three Kodak Ektagraphic III slide projectors onto three 1-m 2 screens situated
approximately 2 to 3 m in front of the subject. Each trial was accompanied by
audiotaped narratives played over headphones describing sexual involvement with
a person of the same gender and age as shown in the slides. The narratives lasted
about 45 sec, and the duration of the trial was 59 sec.
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The present test was in accordance with recommendations by Langevin
(1989) and Quinsey and Lalumière (1996) that phallometric assessments for gender
and age preference should include visual portrayals (slides) of models of various
ages of both sexes based upon Tanner (1978) stages of development. Quinsey
and Lalumière (1996) recommended a minimum of two repeats of each category of stimuli; our test contained four repeats to minimize the unique impact of
any particular trial. A 1-min viewing time was employed—the minimum recommended for most phallometric applications (Lalumière and Earls, 1992; Langevin,
1989). Thus, the present test maximized the number of repeats per stimulus category, while limiting fatigue by presenting short stimuli of suf cient and adequate
length.
Procedure
After signing the consent form, the participant proceeded into the phallometric laboratory. Pants and underwear were lowered to below the knees, and an
appropriately sized (usually 80- or 90-mm) calibrated MIR gauge was placed by the
subject at the base of his penis. Although the penile midshaft is the usual location
for gauge placement, a pilot study (Kuban, 1997) involving 11 males demonstrated
that penile base measures were highly correlated with midshaft measures (r > .90)
even when responses were very low (0.50 mm). The experimenter subsequently
visually inspected the gauge brie y to ensure that it was located at the very base
of the penis and was not twisted or situated diagonally.
The volumetric cuff was then lowered down the penis, to the MIR gauge, and
in ated with a small amount of air. The two devices were inspected to ensure, as
reasonably as possible, only minimal contact between them; in most instances the
devices were separated by at least a few millimetres. The 6 £ 20-cm glass cylinder
was subsequently lowered over the cuff, creating the airtight seal; the Velcro straps
were attached  rmly to the plastic athletic support cup. The participant was engaged
in neutral conversation until a resting “baseline” volume and circumference were
reached, and the volumetric system was vented to atmospheric pressure.
Participants were encouraged to allow a “natural” response to the stimuli,
and were told that some arousal to children was not unusual for sexually “normal”
males. During the test procedure each trial was presented only when both devices
had returned to a baseline level and, minimally, no less than 30 sec following the
previous trial. The testing lasted about 1 hr. Following the last trial of the test
subjects were shown a videoclip of heterosexual erotica and asked to estimate the
percentage of maximal arousal they achieved. Maximal response was recorded for
each device and used later to calculate actual percentage of full arousal (PFE). This
procedure allowed easy conversion of penile response to percentage of maximal
response, an imperfect but common way of expressing phallometric results (see
for discussion Furr, 1991).
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RESULTS
Test Scoring
The raw data from both volumetric and circumferential measures for each
individual were transformed as follows, as described by Freund and Blanchard
(1989): for each trial, penile change was measured as (1) the largest deviation,
in millimeters (circumference) and milliliters (volume), from the trial onset level
(Dmax ), and (2) the area under the plotted curve of penile change (Area). These
Dmax and Area scores were converted into z scores, based only on each subject’s
own scores, and the resulting standardized scores were averaged to yield a composite score for each measure (volume and circumference) for each trial of the
session. All repeats of each category of stimuli were subsequently averaged (producing an overall “Category” score); thus, each subject’s response pro le shows
varying degrees of relative response, expressed as standard scores, to the different
categories of stimuli.
Maximum Response Magnitude (PFE and OI)
Usually, phallometric test scoring is based on the maximal response to a stimuli or on a combination of maximal responses with area under the response curve.
Peak responses and area under the curve are highly correlated, but each provides
unique information; peak response re ects the magnitude of the response, while
area under the curve re ects the time course of responding during the recording period. For ease of calculation, maximal deviation is more commonly used, however,
both methods produce highly similar outcomes (Abel et al., 1981).
Two components of response magnitude were determined, “output index”
(OI) and “percentage full erection.” The OI was the independent measure and
was the maximal magnitude of each subject’s response during the standard test
procedure. The maximal response is typically indexed as the highest response to
any single test trial. However, our software calculates OI by averaging the three
highest (Dmax ) responses, which minimizes the unique impact of any particular
trial. The OI was calculated automatically by computer software for each of the
volume and circumference methods (expressed as milliliter volume increase and
millimeter circumference increase, respectively).
Method Correlation
Each method produced its unique scores to the test categories, expressed as
standardized values (z scores). Therefore, test pro le z scores for each subject’s
seven categories summed to zero. This applied to both volume and circumferential
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Table I. Mean Full Erectile (FE) Levels
Response
(%)a
100
¸ 75
¸ 50

Circumference

Volume

N

mm

SD

ml

SD

15
24
31

23.4
23.7
24.2

7.82
6.68
7.32

23.5
24.8
24.6

5.61
8.11
8.85

a Response

classi cation included all subjects meeting or
exceeding corresponding percentage of arousal.

test outcomes. The dependent measure was the correlation between pairs of
z scores.
Maximal Response. The mean test OI for the circumferential method was
5.32 mm (SD = 5.66 mm) and the mean OI for the volumetric method was 9.34 ml
(SD = 7.56 ml). The correlation between method OI s for all 42 subjects was r =
.68 ( p < .001).
In response to the erotic videotape, only one-third of subjects achieved a
self-reported 100% full tumescence. Another one-third reported achieving at least
50%. Table I lists the calculated full erectile values based on estimates for those
claiming 100% FE, 75% or greater FE, or at least 50% FE. Eleven subjects failed
to respond 50% to the videotape. Based on the estimated maximal responses,
the calculated full erectile circumferential increase for all three subsamples was
about 24 mm. This value was consistent with the 24-mm value reported by Furr
(1991). For ease of discussion, 25 mm is considered an adequate estimation of
full erection. The mean maximum volume increase to full tumescence was about
24 ml.
Test Category/Outcome Correlation. For each subject the Pearson correlation
was computed between the seven category outcome z scores derived from the
volume method and the seven category scores from the circumference method.
These correlations ranged from a low of r = ¡ . 93 to a high of .997. Ten subjects
had negative correlations, and 25 correlated higher than .90. Following Fisher z
transformation, the mean r for all subjects was high (r = .87).
Figure 2 shows each individual’s correlation plotted against OI for the volumetric method (ml). Sixteen correlations were less than .80 and 26 were higher than
.80. The departure from a random correlation between methods to a correlation
consistently exceeding r = .90 was, however, striking and appeared at about the
5-ml response level (see reference line). Figure 3 is the corresponding intermethod
correlation as a function of circumferential increase. The analogous shift in consistency of correlation was again evident (at about 2.5 mm of penile increase). These
results clearly indicate a high correlation between test methods where a response
is at least 2.5 mm; otherwise, consistency of agreement was nonexistent.
Cutting Score Determination. For further analysis, the full sample was divided into two groups—higher and lower responders. Ten independent researchers
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Fig. 2. Method correlation as a function of volume increase (ml).

Fig. 3. Method correlation as a function of circumference increase (mm).
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(seven Ph.D. graduates and three M.D. clinicians/researchers) were provided with
Figs. 2 and 3 and asked to divide each into two areas (by drawing a straight line
perpendicular to the “response” axis) at the point they thought divided a random
scattering of data points and a more consistent level of method agreement. The
means of the volumetric and circumferential plots were 5.04 ml (SD = 0.38 ml)
and 2.57 mm (SD = 0.42 mm), respectively.
Based on these two response criteria, the 42 subjects were divided into 16
subjects with “low” responses on both methods (below 2.57 mm and below 5.04 ml)
and 21 with “high” responses (above 2.57 mm and 5.04 ml). Five mismatched
subjects—three low on the circumferential measure and high on the volumetric,
and two vice versa—were excluded from further analysis. The 16 low responders’
mean age was 32.9 years (SD = 6.99 years); the 21 high responders’ was 29.0 years
(SD = 6.36 years). The age difference was not signi cant [t(35) = 1.45, p = n.s ].
Correlations between methods on test category z scores for each full group were
as follows: for low responders the mean r = ¡ .15, for high responders the mean
r = .98.
These data con rm that intermethod agreement was strongly in uenced by
response magnitude. Once a subject’s response exceeded 2.5 mm (or approximately 10% FE) both test methods produced highly correlated outcome pro les;
otherwise, they were essentially unrelated.
Stimulus Separation Among Low and High Responders. To assess each
method’s differentiation of the various stimuli, both “high” and “low” responders
were compared separately. Previous studies (Freund et al., 1973, 1974) demonstrated that self-professed heterosexual volunteers responded highest to adult female stimuli and second highest to pubescent-aged females. Figures 4 and 5 show
the mean stimulus category z scores for the volumetric and circumferential data
for both low and high responders. Figure 4 (volumetry) indicates that both groups
(high and low responders) aroused more to adult females than to any other category, and to pubescent females more than to prepubescent females, males, or the
neutrals. Figure 5 (circumferential scores) shows a pattern almost-identical to that
of volumetry’s higher responders (adult females scored highest, and pubescent females scored second highest), however, the separation among the low responders
demonstrated that pubescent age females on average were higher than to any other
category, and overall, there was poor separation between most categories. Results
from within-group repeated-measures ANOVA for simple effects using contrasts
(adult females and pubescent females versus all other categories) among low and
high responders for each method separately are listed in Table II. Irrespective of
measurement method, high responders discriminated the adult female category
and the pubescent female category from all other categories. Among low responders, the volumetric method differentiated adult females from all other categories,
and pubescent females from all the other categories at ( p < .025), except adult
males ( p = .12, n.s.). However, low responders on the circumference method did
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Fig. 4. Mean category responses for low (n = 16) and high (n = 21) responders
in the volume method.

Fig. 5. Mean category responses for low (n = 16) and high (n = 21) responders
in the circumference method.

355

356

Kuban, Barbaree, and Blanchard
Table II. Range of F Values for Contrasts: Adult Females and Pubescent
Females vs Other Stimulus Categories for High (N = 21) and Low
(N = 16) Responders
Response
group
High
High
Low
Low

Range of F values
Contrast
Adult females
Pubescent females
Adult females
Pubescent females

Volume

Circumference
¤ ¤

33.7–289.6
33.7–59.8¤ ¤
27.2–79.8 ¤ ¤ , a
5.9–13.2¤ , b

34.2–200.7 ¤
22.8–35.9¤ ¤
.03–2.6
.12–3.3

¤

Note. Univariate F’s, df(1,35).
a Except adult females vs pubescent females (F
= 8.1, p < .01).
b Except pubescent females vs adult males (F
= 2.4, p = .12).
¤
p < .02.
¤ ¤
p < .001.

not differentiate either adult females or pubescent females from each other or any
other category (all p’s = n.s.).
DISCUSSION
Results support our  rst hypothesis that volumetric and circumferential phallometry agree highly once a test subject responds beyond a certain level. This
amount was determined to be a 2.5-mm circumference increase, or about 10% of
a full erection. However, our second hypothesis was also con rmed. There was
considerably poorer intermethod agreement at lower responses, which supports
the notion that response level strongly affects intermethod reliability. The negative correlations among very low responders suggests, in fact, that the “mirror”
or “inverse” phenomenon may be producing contralateral test pro les, which can
jeopardize the validity of test results.
The lack of agreement represents a source of signi cant potential error when
interpreting low response tests with the circumferential method. Because the
2.5-mm cutoff point (10% FE) corresponded to a 5-ml volume increase, which
is  ve times greater than is typical volume minima [1.0 ml (Freund and Blanchard,
1989; Langevin, 1989) ], and because simple effects analysis con rmed the superior differentiating ability of volume phallometry, it is reasonable to conclude that
lower circumferential responses may be both unreliable (with respect to volume
measures) and less valid. Therefore, the true accuracy of low responder diagnosis
with circumferential measures is in question. This  nding provides a caution to
researchers/clinicians to avoid diagnosing low responders with this method.
Alternately, however, the dramatic increase in agreement (> 0.90) between
methods among subjects with a response level above 10% FE provides assurance
that a critical cutoff value of 20 or 30% FE is not necessary for accuracy. Therefore,
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many tests once marked for exclusion can now be included in data analysis and
assessment diagnosis.
With regard to test sensitivity—that is, the ability to accurately detect and
re ect changing states of arousal—the volumetric measure was superior. Over
one-third of the study’s subjects failed to respond suf ciently to achieve the 10%
full erection or 2.5-mm response level, while only one subject failed to meet
the usual 1.0-ml response deemed necessary for a valid volume assessment. This
advantage must not be underestimated because subjects can suppress responses
considerably during assessments (for discussion see Lalumière and Harris, 1998;
Quinsey and Lalumière, 1996). Castonguay et al. (1993) found that presentenced
offenders, whom they supposed were trying with more effort to suppress responses,
had signi cantly lower responses than sentenced offenders. The responses of these
“suppressors,” moreover, were only marginally above 10% FE and it could easily
be expected that they also are more deviant and were trying hardest to suppress.
The use of volumetric measures could add a measure of diagnostic certainty to
these assessments.
The present results provide valuable information regarding the cut-off criterion, in that the volume method was an “externally validating” method for circumferential phallometry. Often, offense history or self-reported sexual preferences
is used for classi cation, and group classi cation is relied on as a means for
validity testing over response level (e.g., Harris et al., 1992). Neither of these
means is truly adequate considering there are true negatives among offenders (i.e.,
opportunistic offenders) and true positives among controls (i.e., homosexuals or
pedophiles claiming an adult female preference). The focus of the present study,
intermethod agreement, was not dependent on our knowledge of the subject’s true
orientation.
Furthermore, considerable controversy surrounds the use of child pornography during phallometric assessments, with pressure mounting to minimize or eliminate such materials altogether (see discussion by Card and Olsen, 1996; Laws,
1996). If phallometry is continually con rmed as a valuable diagnostic aid, and
is useful in predicting recidivism, then employing highly sensitive measures with
necessarily weak stimuli may be a  nal recourse before entirely different methodologies become necessary [e.g., the Abel Screen (see Laws, 1996) ]. Volume PPG
is logically one alternative to overcoming the issue of low responders as a result
of weak stimuli.
It must be noted that the application of the MIR was much simpler and
less prone to problems. Placement of the gauges was quick and they were highly
reliable both within and between testing sessions. Apart from correcting twisted
or angled MIR gauges, or the need to substitute a different-sized gauge, subjects
were ready to begin assessment within a few minutes of entering the laboratory.
The volume apparatus, on the other hand, required construction and testing of the
latex cuff, and the setup procedure itself was relatively intrusive. Furthermore, the
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volume apparatus was not always easily applied, especially among clients with
short penises or who are obese. The circumferential apparatus is a very valuable
fallback method for such cases.
Study Limitations
McAnulty and Adams (1992) recommended a comparative study employing a
repeated measures design with counterbalancing, rather than a simultaneous study.
Such a design would eliminate possible interference between the two devices and
would allow each method to be conducted according to its own protocol. This is
desirable. However, the present study could not accommodate repeat testing with
alternate methods over two test sessions. While we could not rule out betweengauge interference, the signi cance and consistency of our  ndings suggest that
any such interference did not seriously compromise the overall results.
Our use of a volunteer group rather than a clinical population may also raise
concern, because the demand characteristics of each differ considerably. However,
we do not suspect that volume and circumference characteristics, relative to each
other, differ as a result of cognitive motivation. Further investigation would be
necessary to rule out this possibility, however, and to eliminate all interdevice
interference which might exist.
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