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Abstract

Aim of this study was to assess the reliability and validity of RT6 in healthy, young, sedentary adults. A total of 41 healthy, young, sedentary adults were recruited
to this study. Sociodemographic data and IPAQ_were collected from the subjects. Subjects wore RT6 accelerometer and pedometer on their pelvises. Subjects were
asked walk at their normal and brisk walking speeds for 10 minutes. These activities were repeated on a treadmill using the individual speeds from normal ground
walking on two settings 1 week apart. Bland-Altman analyses were performed to determine the mean difference and the levels of agreement. The Cronbach’s alpha
coeflicient of the questionnaire was used. There was a 63.2% agreement between the treadmill and the normal ground at normal speed measurements. There was no
statistically significant correlation between the pedometer and other measures. This study found that RT6 is a valid measurement tool at normal and active walking

speeds in measurement of physical activity.

Introduction

Physical activity is very important in prevention of diseases and
increasing quality of life. There is evidence that regular physical activity
contributes to the primary and secondary prevention of several chronic
diseases. The greatest improvements in health status are stated to be are
seen when people who are least fit become physically active [1].

Physical activity level may be assessed by many methods including
both objective and subjective methods. The International Physical
Activity Questionnaire (IPAQ) is one of the most widely used
questionnaires for physical activity [2,3]. The short version of the IPAQ
has been tested extensively and is now used in many international
studies [4]. Turkish versions of the IPAQ short and long forms are
found reliable and valid in assessment of physical activity [5]. Although
it’s wide usage, a review about the validity of IPAQ- Short form state
that the IPAQ-Short form typically overestimated physical activity
as measured by objective criterion by an average of 84 percent. They
also state that the evidence to support the use of the IPAQ-SF as an
indicator of relative or absolute physical activity is weak [6].

Pedometers are small, relatively inexpensive devices worn at the
hip to count the number of steps walked per day. Although there is not
detailed evidence of their effectiveness, they have recently experienced
a surge in popularity as a tool for motivating and monitoring physical
activity [7].

Accelerometer is a popular, reliable, non-invasive and low cost
method for objective physical activity assessment [8]. The accelerometer
determines body acceleration presented as an analogue voltage
created by a piezoelectric instrument that is sensitive to compression
in a vertical direction. The signal is then summarized over a user-
define time into counts. The numbers of counts determine the level
of physical activity as higher counts refer to higher physical activity
level. It can also be used to determine the pattern of movement in X,
Y and Z axis [9]. The RT6 triaxial accelerometer (Research Tracker 6,
Version 3.1, StayHealthy, Inc., Monvoria, CA, USA) is a new model of
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RT3 accelerometer which is a reliable accelerometer for measurement
of physical activity in different conditions including walking and
running at standardized speeds on a treadmill [10-12]. The RT6 is also
a waist-mounted device used to assess free-living physical activity. But
still, no evidence is met about the reliability and validity of RT6 in the
literature. Therefore, our aim for this study was to assess the reliability
and validity of RT6 in healthy, young, sedentary adults.

Methods

Sample size justification

The power analysis indicated that 33 participants were needed with
80% power and a 5% type 1 error. We increased the primary sample
size by 20% to avoid the loss of potential non-respondents and our
minimum sample size was defined as 41 subjects for the study. The
study was approved by the Baskent University Institutional Review
Board and Ethics Committee (Project number: KA16/247).

Participants

The study was performed at Baskent University, Faculty of Health
Sciences, Department of Physiotherapy and Rehabilitation, Ankara,
Turkey. A total of 41 healthy, young, sedentary adults were recruited
to our study. The inclusion criteria for our study were; 1. to be in good
health, 2. to be able to walk independently for 60 minutes at their self-
selected speeds, 3. between 18 and 25 years old, 4.to be able to attend
the initial and follow-up session. The exclusion criteria were; 1. any
history of current or past medical conditions that prevent them from
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walking independently for 60 minutes, 2. to be unable to understand
written and verbal instructions, and 3. to be unable to provide written
informed consent.

Instrumentation

Physical activity was evaluated by both objective (accelerometer,
pedometer) and subjective (IPAQ) methods. The RT6 accelerometer
provides an objective measurement for physical activity. The RT6
accelerometer assesses acceleration in each anatomical axis with
vertical (x), anteroposterior (y), and mediolateral (z) assessments. The
square-root of the sum of squared accelerations for each axis provides
a vector magnitude (VM) in counts per minute (counts/min). The RT6
accelerometer measures acceleration periodically and converts it to a
digital representation, which is then processed to obtain an “activity
count” and stored in the memory. The exact relationship of the activity
count to the acceleration (measured in meters per second squared or g,
where 1 g = 9.81 m/s2) is not stated clear [10,13].

Pedometer is one of the tools for evaluating, increasing and
encouraging physical activity of an individual. The TNV Pedometer
(PM 2000, Zhongshan Tender Electric Appliance Co, Ltd, China) was
selected in this study. Every time the hip moves up and down during
normal walking motion, the internal mechanism also moves, which in
turn causes the pedometer to record a step. So, the pedometer counts
and records the steps [14].

The IPAQ is one of the most widely used questionnaires for
physical activity [2,3]. Subjects were asked to fill the short form of
the Turkish version [5] and data were collated and presented both
as median minutes per week or median metabolic equivalent of task
(MET)-minutes per week and as categorical cut point values (defined
as moderate, vigorous, walking activity and total scores) following the
guidelines for data processing and analysis outlined in the IPAQ (http://
www.ipaq.ki.se/scoring.pdf). The questionnaire was administered
immediately after the accelerometer measurement.

Procedure

The procedures were explained to the subjects and a written consent
form was obtained from all subjects prior to the study. Measurements
were performed by the same physiotherapist. All subjects were tested
in self-selected footwear and clothing that is comfortable for them and
was asked to use the same footwear for both ground and treadmill
walking to minimize possible gait-pattern changes. Sociodemographic
data as age, height, weight and gender was collected from the subjects.
These parameters were recorded to the subjects’ profile on the RT6
accelerometer using Stay Healthy, Inc, software (Research Tracker 6,
Version 3.1, Stay Healthy, Inc, Monvoria, CA, USA). Data was collected
from “Data Management” total calories and activity count (VM; X axis,
Y axis, Z axis).

The RT6 accelerometer was attached to the right lateral pelvis by
placing it on the subject’s trousers or skirt with its own plastic clip
[3,10,13]. The pedometer was attached to the left pelvis by placing it
on the subject’s trousers or skirt with its own plastic clip. With the RT6
accelerometer and pedometer attached and turned on, each subject
was instructed to walk for 10 minutes at a 30-meter corridor at their
self-selected normal speed, then for 10 minutes at their self-selected
active speed. The subjects performed each task individually with a 5
minute seated rest between tasks. Normal speed is defined as “walking
at your normal pace as if you were walking to a friend’s house” and
active speed is defined as “walking at your brisk pace as if you were late
for an appointment or lecture” [10]. The mean walking speeds for both

Physiother Res Rep, 2017 doi: 10.15761/PRR.1000102

the normal and active speeds (kilometres per hour) using the distance
walked in for10 minutes on the ground (X=V x f). This calculation was
done in order to standardize the self-selected normal and active speeds
to be used at the treadmill.

After 30 minutes of rest period, subjects walked on the treadmill for
10 minutes at normal speed and 10 minutes at active speed. The subjects
performed each task individually with a 5minute seated rest between
tasks. At the conclusion of each subject’s trial, RT6 accelerometer was
removed from the subject’s hip and placed it in the “docking station” to
upload data into the Stay Healthy, Inc, software.

A week later, subjects returned for the re-test application to repeat
the two treadmill tasks (10 minutes at normal speed and 10 minutes
at active speed with a 5minute rest between tasks). Each subject also
wore the same RT6 as the first assessment with the same attachment.
Health statuses of the subjects were asked not to have any change. Same
applications were used as the first assessment for re-test procedure.

Statistical analysis

Total of six 10-minute walking settings (two ground and four
treadmill) per participant (n=41) were used for analysis in this study.
For discrete and continuous variables, descriptive statistics (mean,
standard deviation, median, minimum value, maximum value, and
percentile) were given. Bland-Altman analysis were performed
to determine the mean difference and the levels of agreement (+2
standard deviation [SD]) for vector magnitudes between walking on
the treadmill and ground at the two walking speeds on first testing
day and retest days in this study. Two continuous variables, the
relationship between Pearson Correlation Coefficient In the case of
providing the prerequisites for parametric tests were evaluated by
Spearman correlation coefficient. The Cronbach’s alpha coefficient
of the survey is used. IBM Corp. Released 2012. IBM SPSS Statistics
for Windows, Version 21.0. Armonk, NY: IBM Corp was used for all
statistical analyses.

Results

A total of 41 sedentary young adults (19 males and 22 females)
were recruited from Baskent University, Faculty of Health Sciences,
Department of Physiotherapy and Rehabilitation. Table 1 presents the
demographics and walking characteristics of the participants. Table
2 presents the VM descriptive values for participants walking on the
treadmill and normal ground.

The way to calculate the reliability coefficient depends on the
type of the variables, the source, and the number of applications. The
variability of the calculation path also changes the interpretive meaning
of the reliability coefficient. The reliability coefficient is the degree of
clearance from random faults and gives the amount of error involved in
the measurement results. Reliability is required to take values ranging
from 0 to +1, and to obtain values close to + 1. A reliability coefficient
of more than 0.60 is a desirable result. Cronbach alpha reliability of
the measurement tool that each scale (a) reliability, there is a sense of
reliability in terms of internal consistency. The Cronbach’s alpha (a)
coeflicient of the survey used in the survey is shown in the Table 3.

According to Cronbach’s alfa coefficients (Table 3) there is a 63.2%
agreement between the treadmill and the normal ground at normal
speed measurements; 62.1% agreement between the treadmill and the
normal ground at brisk speed; moderate degree of 52.4% agreement
between treadmill and retest treadmill ground at normal speed
measurements and moderate degree of 56.6% agreement between
treadmill and normal ground at bris speed measurements.
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Table 1. Subjects demographic and walking characteristics

Mean+SD
Age (years) 24.26+5.36
BMI (kg/m?) 22.08+3.10
Normal walking speed (km/h) 6.95+2.04

Brisk walking speed (km/h)
Normal walking pedometer step counts

880.27+257.33
1081.951£130.68530
1230.29+143.83
2494.35£1949.65

Brisk walking pedometer step counts
IPAQ total score

BMI: body mass index, kg: kilograms, m: meter, h: hours, IPAQ: International Physical
Activity Questionnaire, SD: standard deviation

Table 2. Descriptive data for vector magnitudes for normal ground and treadmill.

Minimum Maximum | Mean De\sfit:t‘ion
VM- normal ground- normal speed 103.98 293.48 188.02 54.89
VM- normal ground- brisk speed 154.50 369.41 230.37 43.39
VM- treadmill- normal speed 102.87 321.78 200.88 53.85
VM- treadmill- brisk speed 184.54 412.80 248.58 40.87
VM- retest treadmill- normal speed 100.12 301.85 226.62 55.39
VM- retest treadmill- brisk speed 164.20 361.05 277.22 44.77

(VM: vector magnitude.)

Table 3. Cronbach’s alfa coefficients between normal ground and treadmill.
Cronbach's
Alpha values
VM- normal ground- normal speed VM- treadmill- normal speed 0.632
VM- retest treadmill- normal speed 0.524
VM- treadmill- brisk speed 0.621
VM- retest treadmill- brisk speed 0.565

VM- treadmill- normal speed
VM- normal ground- brisk speed
VM- treadmill- brisk speed

(VM: vector magnitude.)

Bland-Altman plots show that mean difference between two
measures and dottedlines indicate 95% confidence interval (CI) (+1.96
standard deviation) about mean agreement at the first testing days and
retest days on normal ground and treadmill ( Figures 1- 4).

If the differences are normal distributions, it is expected that the
differenc 5 will be ra:&iomly distributed around zero and 95% will be
between ~-1.96s and '+ 1.96s. In this situation, it can be said that th e
is no relation between averages and differences. In this method, ~+
1.96s is called “compliance limits”. Table 4 presents agreement values
of vector magnitude according to Bland Altman method. We can state
that the test is valid according to the results because the analyses were
between the limits of confidence.

Table 5 presents correlations between pedometer (step counts) and
accelerometer (vector magnitude). There is no statistically significant
correlation between the pedometer and other measures.

Discussion

In this study we investigated the reliability and validity of RT6
in healthy young sedentary adults and found that RT6 is a valid
measurement tool at normal and active walking speeds in measurement
of physical activity.

Investigating the validity of RT6, our method included two
measurements (test and retest) which is an empowering factor for
reliability. A similar study investigating the construct validity of RT3
accelerometer in comparison of level-ground and treadmill walking
at self-selected speeds found that measurement and discrimination of
walking intensity employing RT3 accelerometer VM counts/min on
the treadmill demonstrated reasonable validity and stability over two
time points compared with level-ground walking [10].
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There are many pedometers sold on markets worn indifferently
either at the waist, wrist, or as a necklace. A study investigating
pedometer’s accuracy according to their position worn at various
walking speeds showed that at all positions, pedometers generated
significant errors at slow speeds and therefore cannot be used reliably to
evaluate the amount of physical activity for people walking slower than
0.6 m/s (2.16 km/h, or 1.24 mph) [15]. Regardless of that, pedometers
are used in many areas such as primary care [16] increasing physical
activity and stress management [17,18] decreasing cardiovascular risk
factors [19] and adolescents [20]. RT6 and pedometer results were
not found significantly correlated in our study. The pedometer used
in our study is a 2D measurement tool which only counts the steps
while walking. RT6 is a 3D measurement tool and is able to give 3
axes information not only while walking but also in every physical
movement. Therefore, RT6 may be considered more objective as a
measurement tool for physical activity.

IPAQ is used in many recent studies to measure physical
activity level of post-menopausal women [21] breast cancer patients
(Candrio, et al,1992), cardiovascular disease patients [22] and
diabetes [23,24]. Turkish versions of the IPAQ short and long forms
are found reliable and valid in assessment of physical activity [5].
Cerin et al. examined agreement between self-reported (IPAQ-Long
Form) and accelerometer-based estimates of physical activity and
sedentary behaviour across six countries and identified correlates of
between-method agreement [25]. They showed that after adjusting for
sociodemographic and behavioural factors, the absolute disagreement

Table 4. Agreement values of vector magnitude according to Bland Altman method.

d d+1.96=sd p

VM- normal ground- VM- treadmill- normal

-129 977 -123.4 0.001**

normal speed speed
VM- normal ground- VM- treadmill- brisk 184 52 | -88.8  0.001%*
brisk speed speed

VM- treadmill- normal VM- retest treadmill-

-25.7 958 -1473  0.001**

speed normal speed
VM- treadmill- brisk VM— retest treadmill- 286 638 -121.1 0.001%*
speed brisk speed
(**p<0.01, sd: standard deviation, VM: vector magnitude)
150 [=
100 e e _o o +1.96 SD
5 o 97,7
[}
50 |- o 9} &
— O °e
0 (o] .
0 = G R B rrereeni e e I NI Mean
S] 12,9
[S5)
50 - T—\_\
@
@ ° 9% o
0© ©
-100 |-
____________ 9 L L -1.96 SD
1234
-180 |-
200 1 1 1 1 1
100 150 200 250 300 350

Figure 1. Bland-Altman plot of changes in participants’ normal speed (normal ground
walking vs treadmill walking) at same set speed on first testing day.Solid line indicates
mean difference between two measures and dottedlines indicate 95% Confidence Interval
(CI) (£1.96 standard deviation) about mean agreement. Data points above and below CI
were considered outliers.
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Table 5. Correlations between pedometer (step counts) and accelerometer (vector magnitude).

VM in normal speed- normal

ground
. r -0.260
Step counts in normal speed- normal ground
p 0.101
. . r -
Step counts in brisk speed- normal ground
P -
. . r -
Step counts in normal speed- treadmill
P -
. . . r -
Step counts in brisk speed- treadmill
p -
(VM: vector magnitude.)
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Figure 2. Bland-Altman plot of changes in participants’ brisk speed (normal ground
walking vs treadmill walking) at same set speed on first testing day. Solid line indicates
mean difference between two measures and dotted lines indicate 95% Confidence Interval
(CI) (£1.96 standard deviation) about mean agreement. Data points above and below CI
were considered outliers.
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Figure 3. Bland-Altman plot of changes in participants’ normal speed (normal ground
walking vs treadmill walking) at same set speed from first testing day to re-test day.
Solid line indicates mean difference between two measures and dotted lines indicate 95%
Confidence Interval (CI) (£1.96 standard deviation) about mean agreement. Data points
above and below CI were considered outliers.

between pairs of IPAQ-Long Form and accelerometer-based physical
activity variables remained significantly different across cities/
countries. There was found systematic cultural and/or linguistic and
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Figure 4. Bland-Altman plot of changes in participants’ brisk speed (normal ground
walking vs treadmill walking) at same set speed from first testing day to re-test day.
Solid line indicates mean difference between two measures anddotted lines indicate 95%
Confidence Interval (CI) (+1.96 standarddeviation) about mean agreement. Data points
above and below CI were considered outliers.

sociodemographic differences in absolute agreement between the
IPAQ-Long Form and the accelerometer-based physical activity and
sedentary behaviour variables [25]. Considering the results of IPAQ
and RT6, IPAQ results were not found significantly correlated to RT6
results in our study. IPAQ is a questionnaire for measurement of
physical activity and depends on the answers given by subjects, so it
may be considered more subjective than RT6. RT6 gives the results of
vector magnitude which refers to the 3D movement in all axes which
may be more objective in measuring physical activity. As there is no
correlation found between IPAQ, accelerometer and pedometer, this
may show us that these three measurement tools should not be used
together through an assessment.

The way to calculate the reliability coefficient depends on the
type of the variables, the source, and the number of applications. The
variability of the calculation path also changes the interpretive meaning
of the reliability coefficient. The reliability coefficient is the degree of
clearance from random faults and gives the amount of error involved
in the measurement results. Reliability is required to take values
ranging from 0 to +1, with values closer to + 1. A reliability coefficient
of more than 0.60 is a desirable result. There is a reliability of Cronbach
alpha (a) reliability and internal consistency when the measurement
tool is scaled each time. At our study we found that there is a 63.2%
agreement between the treadmill and the normal ground at normal
speed measurements; 62.1% agreement between the treadmill and the
normal ground at brisk speed; moderate degree of 52.4% agreement
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between treadmill and retest treadmill ground at normal speed
measurements and moderate degree of 56.6% agreement between
treadmill and normal ground at bris speed measurements.

According to the Bland Altman method, if the differences have
normal distribution, it is expected that the differences will be randomly

distributed around zero and 95% will be between “d A-1,96 s and d~—

+ 1,96 s”. In this situation, it can be said that there is no correlation
between averages and differences (1,4). In this method, d” + 1,96s
is called “ agreement limits” [26]. We can state that the test is valid
according to the results because the analyses were between the limits
of confidence.

Bland-Altman plot of changes in participants’ normal speed and
brisk speed show similar results between the normal ground and
the treadmill (almost all analyses are within 95% confidence limits).
However, looking at the treadmill Bland-Altman plots of retest results,
a moderate agreement appears. Analyses are very close to the limit
values in the confidence interval.

Physical activity has been focused in last decade and has a major
role in prevention of chronic diseases. Physical activity is defined as
any bodily movement produced by skeletal muscles that require energy
expendit [27]. Physiotherapists play an important role on increasing
physical activity which can reduce the risk of cardiovascular diseases,
diabetes, colon and breast cancer, and depression. Moreover, adequate
levels of physical activity will decrease the risk of a hip or vertebral
fracture and help control weight [27]. Increasing physical activity
should be one of the most important tasks of all health care workers
and RT6 may be a valid and reliable tool in their toolbox.
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