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Summary
Background

In 2007, the Navy Physical Readiness Program Office (N-135F) authorized the use of stationary
cycle (bike) test as an alternative to the 1.5-mile run in the Navy Physical Fitness Assessment
(PFA). The number of calories expended in 12 minutes is used with body weight to predict

equivalent time for a 1.5-mile run.

Previous work with elliptical trainers showed that although calorie indicators vary in accuracy
among bike models, a comparison of 5 models of a particular elliptical trainer showed identical
cumulative calories indicated for the same time, speed, and resistance. Comparable data have
not been obtained for stationary cycles. To that end, the Exercise and Nutritional Sciences
Department (ENS) of San Diego State University (SDSU) was asked by NHRC to conduct
validity trials of new and used Life Fitness CLSC upright cycle ergometers. Here, we report the
results of those trials.

Methods

Life Fitness Corporation (Rosemont, IL) provided 3 new model CLSC stationary cycles for
testing (labeled bikes #1 - #3). An additional 3 used CLSC stationary cycles were obtained from
a Navy Fitness Center in the San Diego area (bikes #4 - #6). Ten participants were recruited
from the ENS students and faculty (5 men and 5 women). Gender groups differed in stature and
weight, but not in mean age. Each participant worked at three different work rates on each of the
stationary cycles. Each work bout lasted approximately 12 minutes. For the last 6 minutes of
each bout, calories expended were determined from open-circuit spirometry measures (kcalspiro).
For the same period, the number of expended calories indicated on the cycle display was also

recorded for comparison (kcalingic ).

The regression of kcalspiro 0On kcalingic Was determined for each bike. The regression for each
bike was inspected to determine whether or not the 95% confidence interval of the slope
included the value 1. This is the Navy performance requirement to qualify a bike to be used for

Physical Readiness Assessment.



Individual bike regressions were then compared in pairwise fashion between bikes. To carry out
these comparisons, we used method of Rogosa (1980, 1981). This analysis is based on the
difference function of the two regressions and allows an evaluation of equality of slope and

calorie intervals over which the bikes are the same or differ in their indicated calorie response.
Results

The mean values for kcalspiro Or Kcalingic did not differ among bikes (Fs,173 = 0.093, P = 0.993;
and Fs173 = 0.330, P = 0.894, respectively), but the indicated calories were greater than the

measured calories for each bike (mean difference = -5.48 kcal, P <0.033).

Univariate ANOVA of kcalspiro With bike number as the grouping variable and kcalingic as the
covariate revealed a significant effect of bike number (Fs172 = 5.93, P <0.001). Pairwise
comparisons of the estimated marginal means found the mean for bike #5 to differ from those of
all the other bikes (mean P =.003), while significant differences were not found for comparisons

of the means among any of the other bikes.

As expected, the regressions among the new bikes did not differ significantly from one another.
There was also agreement of regressions of new bikes #1, #2, and #3 with used bike #4.
Additionally, new bike #1 and #2 aligned with used bike #6. Mimicking the ANOVA results,
the regression of bike #5 differed significantly from that of any other bike. The regressions for
the older bikes #4 and #6 had regressions that were indistinguishable from new bike #2 or #3,
respectively. There was no general pattern for change in the regression slopes and/or intercept
between the bike groups. That older bike #5 differs from all the others suggests that there can be
meaningful changes in performance with use. A program of periodic validation should be

implemented to identify bikes that vary from “like-new” performance.

As mentioned above, the current Navy performance standard for stationary bikes is that the 95%
confidence interval for the slope of the regression of kcalspiro 0n kcalingic includes the value 1.
Three of the bikes tested failed to meet this criterion, #3 in the new group and #4 and #5 in the
old group. The regressions all have similar standard errors for the slope and for the regressions
as awhole. If the value of the slope was 0.907 or less, the 95% confidence interval did not
include 1. That one of the bikes meeting this condition was in the new group implies new bikes
of this model include bikes that do not meet the Navy specifications. It also implies that testing a

single bike as an accurate representative of the model is not satisfactory.
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Perhaps future testing should require several examples of a particular model to be tested in order
to assess inter-bike variation. If examples are found that do not meet Navy standards, then the

model should be rejected until its deficiencies can be overcome.



Background

In 2007, the Navy Physical Readiness Program Office (N-135F) authorized the use of a
stationary bike test as an alternative to the 1.5-mile run in the Navy Physical Fitness Assessment
[PFA; Chief of Naval Operations (2007)]. A test subject would pedal on a stationary bike for 12
minutes. The number of calories generated during the 12 minutes are recorded and used with
body weight to predict a 1.5-mile run time (Hodgdon et al., 2007).

When new exercise ergometers are considered for use in the Physical Readiness Test (PRT),
validation of caloric expenditure accuracy is required. Only validated and approved PRT
ergometers are entered into the Physical Readiness Information Management System (PRIMS).
PRIMS is governed by the directive issued by the Chief of Naval Operations (OPNAVINST
6110.1 series) and provides a standardized Navy database to monitor and track the progress of
Navy active duty and reserve personnel Physical Fitness Assessment (PFA) data. Since 2002,
PRIMS is the sole Navy authoritative data source that houses PFA data for command

information, authorization information, and member personnel data including PRT data.

Previous work at the Naval Health Research Center (NHRC) has shown that identical data can be
obtained from five cardiovascular exercise (cardio) devices of the same model (elliptical trainers)
(Life Fitness CT 9500HR) (Parker, Griswold & Vickers, 2006). Results showed identical caloric
expenditure for same speed and resistance settings across all 5 devices. This initial cardio device
study established the validation procedure of recording actual calorie expenditure via
measurement of oxygen consumption and comparing the cumulative number of measured
calories with the cumulative number of observed calories displayed from the cardio device.
However result from a follow-on evaluation of three different brands and models of cardio
devices were shown to differ in their accuracy of calorie indicators (Vickers, Griswold &
Hodgdon, 2006). Subsequent evaluations have indicatied that the accuracy of calories generated
from cardio devices can change with use and over time (Buono, Heaney, Hodgdon, 2014,
unpublished data). Due to the uncertaincy of cardio devices providing a consistantly accurate
generation of calories with long term use and and manufacturing age, an evaluation of multiple

new and used models of the same device was proposed.

Over the last several years the Life Fitness CLSC stationary bike, an approved Navy alternative

cardio device, has been the most popular bike used with PRT assessments. However an



evaluation of multiple identical models of new and used Life Fitness CLSC upright bike
ergometers has never been investidated. The purposes of this validation study were twofold: (1)
to determine accuracy and validity of several new bike ergometers, and (2) to determine if there
was disparity in caloric expenditure measurements between new unused and older used bike

ergometers.
Methods

Life Fitness Corporation (Rosemont, IL) provided 3 new model CLSC stationary bikes for
testing (bikes #1 - #3). An additional 3 used CLSC stationary bikes were obtained from a Navy
Fitness Center in the San Diego area (bikes #4 - #6).

Subjects

Ten participants (5 males, 5 females) were recruited from a local university. Their physical
characteristics are provided in Table 1. There were sex-related differences in height and weight,

but not in mean age.

Table 1, Physical Characteristics!

Males (n=5) Females (n=5) Total
Age 26.2 (2.3) 25.8 (1.5) 26.0 (1.8)
Height (in) 71.25 (3.87) 64.42 (1.77) 67.83 (4.59)
Weight (Ib) 170.9 (18.9) 124.82 (6.0) 147.9 (1.8)

Values shown are means (1sD), 2Differs from male mean (P<0.05)

Procedures

Participants reported to a university laboratory on 6 occasions for testing. During their first visit,
they were informed about the nature of the study, the procedures and risks involved, and given
the opportunity to volunteer. Tests across the six cycles were ramdomized and limited to one
bike trial per day. During each test, the subject worked on the bike at three different power
settings and the work intensity increased with each successive work bout. Heart rate (HR) was
monitored to ensure that the first workload was between 95-105 bpm, the second workload HR
was between 110-120 bpm, and the third workload was between 125-135 bpm. Each bout was

approximately 12 minutes in length. A 5-minute break was provided between bouts, during



which the participant was allowed to remove the spirometry mask and nose clip. During the
work bout, expired gas was collected and analyzed using a Parvo™ True One open-circuit
spirometry system (Parvo Medics, Sandy, UT) to provide measurement of the rate of oxygen
consumption ( V,, ). The system also calculated the calories expended from the oxygen
consumption values using the Weir (1949) formula. The total calories expended during minutes
6 to 12 of the test from open-circuit spirometry were recorded and doubled to provide a

comporable 12-minute calorie count displayed on the bike.

Analysis

The focus of this project was on the accuracy of the bike generated calories provided on the
display screen with the actual calories measured from oxygen consumption (difference between
measured calories and displayed calories). Additionally, the validity of the displayed calories
was evaluated to ensure that a change in measured calories would result in a change in bike
generated calories. Therefore, a regression analysis of calories from oxygen consumption on
time was computed for each test. The 95% confidence interval for the slope was checked to
ensure that it included the value zero. This was done to minimize the possibility that the
participant was working above his/her ventilatory threshold. Above ventilatory threshold, the
rate of oxygen consumption would increase without a change in physical work rate, and provide
an unstable measurement of the metabolic cost of the work. One test was excluded because the

regression slope did not meet this criterion.

The number of calories displayed on the bike at minutes 6 and 12 of the work bout were also
recorded, and the difference calculated to provide the 6-minute bike estimate of calories
expended during this period. The total expended calories from spirometry (kcalspiro) from minute
6 to minute 12 were used as the criterion against which expended calories indicated on the bike
(kcalindgic ) were compared. The regression of kcalspiro 0n Kcalingic Was determined for each bike.
These regressions were compared in pairwise fashion between bikes. To carry out these

comparisons, we used the method of Rogosa (1980, 1981).

The typical analysis of covariance approach to evaluate the parallelism of regression lines
requires the assumption of parallel slopes to test differences in the estimated marginal means of
the regressions. The Rogosa approach avoids this assumption. This is important because rarely

are the slopes of regression lines that are being compared exactly equal. In analysis of

8



covariance, a difference between the intercepts of the lines is calculated and assumed to apply for
all values of the independent variable. The more common reality is that the slopes of the
regressions differ and that the offset between regressions varies as a function of the independent

variable.

Rogosa’s method is based on analysis of the difference function between two regressions. The

difference function = (bo1 —b02)+(b11 ~b, )xX , where b, and b, are the intercepts for

regressions 1 and 2, b, and b, are the regression slopes, and X is the independent variable. The

confidence intervals of the difference function are used to identify regions of significant
difference between the regression lines being compared. Values of the difference function that
differ significantly from zero are called Johnson-Neyman (J-N) regions of significance after the
developers of this concept (Johnson & Neyman, 1936). Such regions are defined by the

intersection of the confidence intervals of the difference function with zero.

The nature of the J-N region of significance depends on the coefficients of the difference
function. If the slope of the difference function differs greatly from zero, the J-N regions
indicate values of the independent variable beyond which the regressions are not similar. This
implies an “interior” region over which the regressions do not differ significantly. If the slope of
the difference function is near zero, the J-N region describes an interior set of values over which

the regressions differ, but beyond which significant difference cannot be demonstrated.

Comparison of regressions was carried out sequentially for pairs of elliptical trainers. For
convenience, the difference between regression pairs was evaluated at the grand mean of the
prediction from both regressions. In this way, we get an indication of the offset magnitude

between regressions near the center of the range covered by regressions.

To avoid capitalization on chance by making multiple comparisons (in this case, 15), the
Bonferroni correction (Abdi, 2007) was applied. The critical P value was set at 0.05/15 = 0.003

for the comparisons between regressions.

Means and standard deviation and regression calculations were carried out using PASW
Statistics, ver. 18 (SPSS Inc., Haverhill, MA). Comparison of regressions was carried out using
a Microsoft Excel™ spreadsheet (Microsoft Corporation, Redmond, WA) using the calculations
presented by D’Alanzo (2004).



Results

Table 2 shows the mean, minimum, and maximum measured and indicated calories for each
bike, as well as the difference between kcalspiro and Kcalingic. Neither the mean values for
kcalspiro Nor kcalingic differed among bikes (Fs,173 = 0.093, P = 0.993; and Fs173 = 0.330, P =
0.894, respectively), but the indicated calories were greater than the measured calories for each
bike (P <0.033).

Table 2. Measured and Indicated Calories Expended Across All Trials?

Bike Measured Calories Indicated Calories Difference?
#1 34.09 (17.83, 72.66) 39.79 (24, 81) -5.78
New #2 33.52 (18.05, 79.74) 39.00 (24, 85) -5.48
#3 35.10 (19.42, 72.37) 40.10 (24, 83) -5.00
#4 35.10 (19.84, 82.45) 40.87 (25, 93) -5.88
Used #5 35.33 (17.28, 78.05) 4357 (24, 93) -8.24
#6 35.51 (19.42, 87.28) 40.83 (24, 91) -5.33

Values shown are means with (minimum, maximum)

2Measured — Indicated Calories

Univariate ANOVA of kcalspiro With bike number as the grouping variable and kcalingic as the
covariate revealed a significant effect of bike number (Fs172 = 5.93, P <0.001). Pairwise
comparisons of the estimated marginal means found the mean for bike #5 to differ from those of
all the other bikes (mean P = .003), while significant differences were not found for comparisons

of the means among any of the other bikes.

Table 3 provides the coefficients for the regression of kcalspiro 0n Kcalindgic for each bike. Also

included are the squared correlation coefficient values and the standard error of estimate (SEE).

Table 3. Regression Coefficients! for Measured on Indicated Calories for Each Bike

Bike Slope (kcal-kcal™) Intercept (kcal) r? SEE

N #1 0.956 (0.882, 1.029) -3.938 (-7.019, -0.859) 0.963 2.55
ew

#2 0.978 (0.898, 1.058) | -4.635 (-7.938,-1.332) | 0.957 2.87
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#3 0.907 (0.847,0.967) | -1.265 (-3.809,1.279) | 0.972 2.21
#4 0.891 (0.845,0.937) | -1.431 (-3.447,0.585) | 0.982 1.87
Used | #5 0.844 (0.797,0.891) | -1.443 (-3.627,0.740) | 0.980 2.09
#6 0.991 (0.948,1.035) | -4.960 (-6.861,-3.059) | 0.987 1.82

values shown are coefficients (95% confidence limits)

100

ike_no

Measured kcall6-min

0

I
20 40 60 80
Indicated kecall6-min

Figure 1. Relationship between indicated and measured calories

over a 6-min interval for each of the bikes used in this study.

Dotted line is the line of identity for the comparison.

Figure 1 shows the individual
relationships between indicated and
measured calories for each of the bikes
used in this study. The solid lines
indicate the least squares linear
regression of measured on indicated
calories. The dotted line represents the
line of identity. As noted above the
indicated calorie values are greater than

the measured values for all the bikes.

Table 4 provides the results of the
comparison of regressions for each pair
of bikes. For each comparison, the table

lists a comparison of the slopes of the

regressions as well as the presence or absence of a J-N region of non-agreement and the

boundaries of that region, when present. If the slopes are equal and a J-N region is not present,

the regressions do not differ significantly. The table has been color coded to make it easier to

read. Regressions that do not differ significantly are shaded in green. Regressions that have a J-

N region of inequality are indicated in red. Regressions that differ from the general pattern of

unequal slope with the presence of a region of inequality are shaded in orange.
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Table 4. Comparison of Regressions

) Johnson-
) Regressio
Comparison Neyman Lower Upper )
] n Slopes ) Interpretation
(Bike #) _9 region Boundary Boundary
B exists?

#lv. #2 yes no
New | #1v.#3 yes no

#2 v. #3 yes no

Used

Btwn

#lv.#4

#1v. #6

yes

yes

H2 V. #4

yes

#2 V. #6 yes no

#3v. #4 yes no
yes

#3 V. #6 no no
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Figure 2. Graphs of difference function with
confidence intervals for different comparison
patterns. Panel A, equal slopes, no Johnson-

Region of agreement | * *
* ]

&

Neyman region. Panel B, unequal slopes,

Johnson-Neyman limit above which

regressions differ. Panel C, equal slopes,

Johnson-Neyman region within which the
regressions differ. Panel D, unequal slopes,
Johnson-Neyman region within which the

regressions do not differ.

A first observation from the Table 4 results is that
the new stationary bikes all respond in the same
way. None of the comparisons among the new
bikes yield statistically different regressions.
Secondly, we see that all of the used bikes (#4, #5,
and #6) show kcalspiro for kcalingic relationships that
differ with those of the other used bikes. Thirdly,
inspection of the results indicates that the bike #5
regression differs significantly from those of all
other bikes.

Discussion and Conclusions
Effects of Bike Use.

There are 3 different patterns of non-congruence in
these data. These patterns are shown in Figure 2.
Each panel shows the difference function (blue
symbols) for one of the comparisons with its 95%
confidence intervals (shown in yellow symbols for
the upper limit and pink symbols for the lower
limit). J-N regions are determined by the interaction
of the confidence limits and the zero value on the y-
axis. Panel A of Figure 2 shows the difference
function for a comparison in which the slopes are
equal and there are no J-N regions (bike #1 with
bike #2). The slope of the difference function is
modest, -0.023 kcalingic / Kcalspiro and the
confidence intervals to not cross the Y=0 axis value.
Panel B shows the pattern where the regressions
diverge above the greater J-N limit. In this case (#1
with #5) the lower J-N limit is negative and has no

meaning in this measurement system. The lower
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confidence interval of the function crosses the Y=0 line at 37.3 kcalindic and remains greater than
zero as kcalingic increases. There are 3 examples of this pattern among the comparisons (see
Table 4). Panel C depicts the pattern in which there is a J-N region within the function for which
the regressions differ. There are two examples of this pattern among the comparisons. In each
case, the lower confidence limit exceeds zero and then as the confidence interval increases with
increasing indicated calories the lower limit again crosses Y=0. The interval between the zero
crossings defines a region for which the regressions differ. Because this region is limited due to
increasing uncertainty associated with the difference function, the practical application is the
same as for patterns shown in Panel B. That is, the regressions diverge for values greater than the
J-N limit. Panel D shows a pattern wherein the J-N region is one of agreement between the two
regressions. In this instance (#4 with #6), the lower confidence limit crosses Y=0 to define the
beginning of the region. The function has a negative slope and eventually the upper confidence
limit crosses Y=0. For the region between the two crossings the confidence interval includes the
value Y=0, and is therefore a region of agreement between the two regressions. The practical
application here, too, is that above a certain value the regressions differ. There was also one
unique result, that of #3 with #6. In this case there was no J-N region defined, but the slopes of
the regressions differed significantly. The difference function resembles that in Panel A with no
crossings of the confidence intervals and Y=0, but with the slopes of the regressions differing

significantly.

As should be the case, the regressions among the new bikes did not differ significantly from one
another. There was also agreement of regressions of new bikes #1, #2, and #3 with used bike #4,
and #1 and #2 with used bike #6. Bikes #4 and #6 each had regressions similar to examples in

the new bike group. The one clear finding was that used bike #5 had a different calorie reporting

response than any of the other bikes.

There was no general pattern for change in the regression slopes and/or intercept between the
bike groups. That bike #5 differs from all the others suggests that there can be meaningful
changes in performance with use. A program of periodic validation should be implemented to

identify bikes that vary from “like-new” performance.
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Relationship to Current Bike Acceptance Standards.

Current Navy standards for acceptance of a stationary bike to be used in the Physical Readiness
Assessment (PFA) are based on the results of tests comparing calories measured during exercise
with those indicated on the bike (Navy Electronic Commerce Online, 2010). The best fit line is
calculated to predict the measured calorie uptake from the calorie intake indicated on the
stationary bike. For the stationary bike to be acceptable, the slope of this line (the relative
change in the measured calories for each unit of change in the indicated calories) must equal to 1.
This means that for every change in the value of the indicated calories, there is an equal change
in the value of the measured calories. Values greater than 1 imply that measured calories
expended during a work bout are greater than the indicated calories for that bout. Conversely, a
value less than 1 implies that measured calories expended are less than those indicated on the
bike. Of course, the measured value of the slope is seldom equal to 1 exactly. A decision needs
to be made whether or not this slope is “close enough” to the value 1 to treat it as equal to 1. The
decision is based on the statistical confidence limits of the slope. (For a discussion of the
confidence interval of the regression slope, see any basic statistics text.) Navy policy has been
that when the 95% confidence limits of the slope (the range of values for the slope for which
there is only a 5% probability that the “true” value of the slope lies outside the range) includes

the value 1, it is deemed close enough to estimate it as actually being 1.

When this is the case, the mean difference between actual calories expended and calories
indicated on the bike is calculated. This difference is called an offset and the reported calories
can be corrected to match actual calories by adding this offset. The Navy sets no limits on the
size of the offset when determining the acceptability of a particular stationary bike. The only
requirement is that the confidence interval for the slope of the measured on indicated calories

include the value 1.

Current Navy standards also require the regression of measured on indicated calories to be based
on at least 75 measurements. In previous testing of stationary bikes, this has been achieved by
having 25 participants ride each bike at three different workloads to yield 75 total tests.

Our findings in these tests point out a limitation of the Navy’s testing approach. Currently, the
Navy tests only a single bike to represent a particular model. If these bikes were being tested for

Navy acceptance, only two of the three new bikes would have been found acceptable. The 95%
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confidence interval of the regression slope included 1 for bikes #1 and #2, but not bike #3. If
bike #3 was tested as the sole representative of its class, the class would have been rejected. If

bikes #1 or #2 had been tested, the noncompliance of bike #3 would not have been detected.

Because we found equal slopes in the paired regression comparisons among the new bikes, we
tried pooling the kcalspiro and kcalingic values for all three new bikes to determine if the pooled
regression would meet the Navy standard. It does not. The pooled regression slope was 0.949
with a confidence interval of 0.907 to 0.986. We also tried increasing the confidence interval to
be the 99% confidence interval (the range of values for the slope for which there is only a 1%
probability that the “true” value of the slope lies outside the range). The confidence interval for

bike #3 under these conditions was 0.826 to 0.988, still not qualifying.

Table 5. Regression Slopes & Bike Acceptance
Slope of the Standard Error | Slope Include
Bike No. Regression of the slope 1?
1 0.956 0.038 yes
2 0.978 0.041 yes
3 0.907 0.031 no
4 0.891 0.023 no
5 0.844 0.024 no
6 0.991 0.022 yes

Table 5 shows results for the regression slope, the standard error of that slope, and if the 95%
confidence interval of the slope includes 1. The only pattern that appears is that when the slope
is equal to .907 or less, the confidence interval does not include 1. Further, it appears that 2 of
the 3 new bikes produced by this manufacturer yielded results within this range, while 2 of the 3
used bikes did not.

If the new bikes represent the mechanical tolerances of the manufacturer’s production process,
then finding that a single bike meets specifications does not assure that all bikes of the same
model do. Perhaps future testing should require several examples of a particular model to be

tested in order to assess inter-bike variation. If examples are found that do not meet Navy
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standards and they differ so greatly that techniques such as pooling the regressions across the
sample are not sufficient to show group compliance, then the model should be rejected until its

deficiencies can be overcome.

In summary, the comparisons of new and old models of this stationary bike do not show a

consistent pattern of change with use. In fact two of the three “old” bikes performed like their
new counterparts. There was however one old bike (#5) that differed in performance from the
other 5. This suggests a need for periodic testing of stationary bikes to determine that they are

still performing within specs.
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