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Abstract This research aimed at determining the
effectiveness of the wuse of computer-integrated
anthropometrics and vertical jump as a measuring device.
The participants were 42 students aged 18-21 years old.
The research design used was counterbalanced-design. The
instrument used was the Integrated Anthropometric Test
(IAT) to measure body weight (BW), body height (BH),
arm span (AS), limb length (LL), and vertical jump (VJ) in
one set of device and compared with Standard
Anthropometric Test (SAT) consist of anthropometric
measurements including BW, BH, AS and LL that follow
the standard procedure from the International Standards for
Anthropometric Assessment (ISAK) and Sargent Jump test
to measure vertical jumps. The results showed that the IAT
and SAT measurements had a validity measurement value
of BW measurements of 0.994, BH of 0.969, AS of 0.820,
LL of 0.745, and VJ of 0.903 with P <0.01, and the total
duration of the IAT measurement process was 36 minutes
18 seconds, SAT was 1 hour 7 minutes 27 seconds. It was
concluded that the Integrated Anthropometric Test (IAT)
had a very high validity value for the BW, BH, AS, and VJ
measurements and a high category for LL measurements so
that it can be used as an anthropometric and vertical jump
measurement device. As IAT had a shorter measurement
duration than SAT, it can be said that IAT had a good level
of effectiveness.
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1. Introduction

Program for coaching and developing athletes in the
developed countries has achieved their sporting
achievements by obtaining adequate support from
resources, not only support from the government and
society but also the support from the experts through
synergizing the scientific approaches [1]. Sophisticated
measurements and evaluation devices and the discovery of
the right instruments have encouraged us to work
effectively in identifying and selecting talented athletes [2].
There are ten elements in identifying physical
characteristics in identifying the athlete, namely agility,
quickness, strength, power, endurance, coordination,
flexibility, speed, vision, and anthropometrics [3,4]. From
the tenth elements, two elements are often used in the
identification of the initial athlete, namely the power test in
the form of a vertical jump and an anthropometric test.
Sidik [5] revealed that the dominant measurement was
anthropometric measurement that had a more influential
factor on the achievement were Body Height (BH), Body
Weight (BW), Body Mass Index (BMI), Arm Span (AS),
and Limb Length (LL).

Nowadays, anthropometric and vertical jump measuring
devices have a variety of shapes and variations in their use.
There are manual operating systems and digital operating
systems. The previous research [6] revealed the limitations
in manual anthropometric measurement, it required
exhausting special training or certification and took a long
duration in making many direct measurements during the
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examination. Another researcher [7] added that to have a
digital vertical jump measurement device, it requires quite
a lot of costs, as an illustration, Jump DF series TKK-5414
production by the Japanese Takei company is valued at
IDR 107,000,000 per one unit and the American
AMTI-Accu Power Force Plate is valued IDR 635,300,000
per one set.

Technology in the field of sports has been widely used,
especially in developed countries as an effort to improve
sports performance and achievement. However, it cannot
be neglected that Indonesia is still left behind in innovation
and technological advancements due to its tendency as a
technology consumer country ([8,9]. Therefore, a
collaboration between stakeholders, scientists, athletes,
coaches, and practitioners, as well as academics, is needed
to improve and develop sports science and technology to
accelerate and optimize sports achievements and the
creation of useful sports equipment.

The use of appropriate technology in measurement and
training can help to improve the performance of athletes,
both amateur and professional athletes [10]. The use of
sensors and the right, as well as integrated with a good
application program can help measurement activities.
Therefore, the application of sports science in sports is a
necessity in the development of sports technology to push
achievement to a higher level.

Many previous studies have discussed the importance of
anthropometric measurements for athletes in various sports
fields such as soccer [11,12], volleyball [13], basketball
[14], and their comparison to non-athletes [15]. But there is
still limited research discussing the wvalidity of
anthropometric measurements, especially for sports
measurements by utilizing a new technology.

Besides, the use of anthropometric measuring devices in
Indonesia is usually carried out in the university admission
test with the specifications sports department and also the
entrance test of government institutions that require a
medical checkup as one of the indicators of employee
recruitment. This certainly requires a relatively long time
to measure, record, and score the results or values of each
of the anthropometric tests. It takes a lot of human
resources to carry out the process, moreover, human error
can occur due to misrepresentation of results or values. To
overcome this, we need a tool that can help us to solve
these problems and can be proved with transparent and fast
results on one computer screen.

Therefore, researchers assume that it was very necessary
to be able to test the validity of measurements and the
effectiveness of anthropometric measuring instruments
which included measurements of body height, body weight,
arm span, limb length, and vertical jump measurements.
All of these measurements could be measured through a
device that was integrated with a computer and was named
as Integrated Anthropometric Test (IAT).
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2. Materials and Methods

This research was Quasi-Experimental Design research
using the Counterbalanced Design method which was
used to homogenize the experimental and control groups.
Therefore, in this design, each group was given all
treatments but in a different order [16]. This research
design is commonly used in testing the validity of
measuring instruments that have recently been developed
by comparing to the existing measuring instruments
[17,18]. In this case, the researcher tested the validity of
the instrument that was made, namely the Integrated
Anthropometric Test (IAT) compared to the existing
standard tools, then the duration of the measurements was
compared to see its effectiveness based on the duration
needed by the two instruments in carrying out the
measurement process.

Participants in this study were 42 students of the Sports
Department at the Faculty of Sports and Health Education
(FPOK), the Education University of Indonesia consisting
of 28 man and 14 women aged 18-21 years (19 £ 0.71)
who were in good health, do not experience minor or
severe injury and agreed to give consent before
participating in this study according to local ethics
committee regulations.

The instruments used in this study were the Integrated
Anthropometric Test (IAT) as a test instrument and the
Standard Anthropometric Test (SAT) as a reference
instrument. Integrated Anthropometric Test (IAT) was a
tool developed by the researchers to measure height, arm
length, limb length using an ultrasonic sensor, body
weight measurement using a load cell sensor, and vertical
jump measurement using a microcontroller-based infrared
sensor in one tool. This IAT measurement was directly
integrated with a computer so that the measurement
results could be seen directly, and there was a data storage
system that provides easiness for the researcher to do
further data processing and data analysis. Meanwhile, the
Standard Anthropometric Test (SAT) was a standard
manual measurement that already exists, including the
measurement of height and weight, measured using
Seca™, the arm length and limb length wusing
anthropometric tape with an accuracy of 0.lcm which
refers to the international measurement standard [19] and
the vertical jump was measured by Sargent jump test
using a vertical board to determine the height of the jump
[20,21].

The data analysis technique used in this research was a
quantitative analysis technique to determine the validity of
the test instrument using the Pearson product-moment
correlation coefficient correlation test by utilizing SPSS
23 application. Furthermore, to determine the level of
effectiveness of the tool, the total measurement time of the
test instrument and reference instrument was compared.
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3. Result

Based on the results of the research that has been done,
the results obtained by the measurement of IAT and SAT
are presented in table 1.

Table 1. The Result of IAT and SAT Measurement
Type of Tester 1 Tester 2
Measurement (IAT) (SAT)
Body Weight
61.98+7.13 60.88 + 6.85
Mean £SD
Body Height
168.87 +£8.16 167.88 £7.90
Mean £SD
Arm Span
168.53 £9.92 168.5 +8.62
Mean £SD
Limb Length
97.10 £6.91 97.4+5.50
Mean £SD
Vertical Jump
39 +8.49 40.31£7.75
Mean £SD

Table 1 shows the IAT measurement data with the
average value of the measurement of body weight, body
height, and arm span was higher than the SAT
measurement. Meanwhile, the measurement of limb length
and vertical jump using the SAT were higher than
measurements using IAT.

Table 2. Validity Test Data of IAT and SAT Measurement
No Variable Type of Measurement Pearson’s r

IAT

1 Body Weight 0.994
SAT
IAT

2 Body Height 0.969
SAT
IAT

3 Arm Span 0.820
SAT
IAT

4 Limb Length 0.745
SAT
IAT

5 Vertical Jump 0.903
SAT

Table 2 shows the results of the validity test of IAT and
SAT measurements showing that the validity values of
body weight, body height, arm span, and vertical jump
obtained a very high validity category of 0.820 - 0.969,
while the measurement of limb length obtained the validity
value of the high category.

To determine the effectiveness of the device, a
comparison of the duration of the measurement between
IAT and SAT is shown in Figure 1. The time duration
includes (1) measurements of body weight and body height;
(2) measurement of arm span and limb length; (3)
measurement of vertical jump; (4) the exact time of
measurement; and (5) total measurement time. In Figure 1
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it can be seen that the measurement using the IAT required
less time than using the SAT except for the measurement of
arm span and limb length.

80
70
60
50

40

duration of measurement (minutes)

0 il
BW and BH AS and LL Vi Exact time Total time
Figure 1. The Duration of IAT and SAT Measurement

Measurement of exact time was started when the test
taker stood or got ready in front of the measuring
instrument then the tester took the measurement,
mentioned the measurement results, and ended when the
tester recorded the measurement results. The exact time
data for each measurement included (1) body weight and
body height; (2) arm span and limb length; (3) vertical
jump; then were calculated to be the exact time of
measurement. Meanwhile, the total measurement time was
the duration of time required by a test taker to perform all
series of measurement types including BW, BH, AS, LL,
and VJ in one measurement session including the
displacement time of each measuring instrument.

4. Discussion

Research about testing the new measurement device, as
well as measurement method in sports science, have been
developed by some experts to improve performance in
sports, such as the research [22] which developed an
effective test to identify the talent of female hockey athlete
by evaluating the anthropometric, physiological, and
skill-related test. Other research was focused on
anthropometric measurements, body composition, and
strength variables as the prediction of jump results [23].
Besides, research [24] provided references to fitness and
body size in basketball players based on the position and
the playing characteristics were also carried out.
Meanwhile, this research was initial research conducted by
combining anthropometric measurements and vertical
jumps in one set of measuring devices connected to a
computer called the Integrated Anthropometric Test (IAT).
The purpose of this study was to test the validity of the
measurement device and the effectiveness of the Integrated
Anthropometric Test (IAT) measurement device compared
to the Standard Anthropometric Test (SAT).

The results of this study showed that all measurement
sensors had reached their effectiveness. The ultrasonic
sensors had been proved to be effective in measuring body
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height, arm span, and limb length. The use of this type of
sensor is often used for distance measurements in various
measurement applications [25,26]. The use of load cell
sensors in measuring pressure or weight [27] was applied
to measure body weight. An infrared sensor was used to
measure the jump time which was applied to measure
vertical jump [28,29].

In the vertical jump measurement, the calculation of the
jump height was obtained by entering the jump time value
into the jump height formula proposed by Bosco, et al.,
[30]. as follows:

jump height (m) = (g x t/)/8
g = acceleration due to gravity 9.81 m/s’
t = jump duration (second)

In summary, the above equation was simplified by
Young [25] as follows:

Jump height (cm) = 122.625 xt*

Bosco et al., [30] and Young [31] revealed that this
method was valid to be used under the assumption that the
position of the body in making a jump is in the same
condition. It means that the test taker jumps and lands in
the same place.

The validity test measurement showed the results of
correlation measurements in the very high category for
body weight (0.994), body height (0.969), arm span (0.820),
and vertical jump (0.903), and the high category for
measurement of limb length (0.745). This means that the
IAT tool had good validity compared to similar measuring
devices. Whereas in the effectiveness device test, the
duration of the IAT measurement required an exact time of
measurement of 30 minutes 3 seconds, and the SAT
measurement required an exact time of measurement of 31
minutes 57 seconds with a measurement time difference of
1 minute 54 seconds. The total duration of IAT
measurement required a measurement time of 36 minutes
18 seconds and SAT measurement required a measurement
time of 1 hour 7 minutes 27 seconds with a measurement
time difference of 31 minutes 9 seconds.

In this study, IAT had the effectiveness of measurement
results better than the SAT seen from the exact time of
measurement and the total time of measurements made. In
line with these results, the use of sensors and the right
application can make it easier to monitor activities and
measurements [32-34].

5. Conclusions

Integrated Anthropometric Test (IAT) can be used to
measure anthropometrics and vertical jumps with a very
high level of instrument validity for body weight (BW),
body height (BH), arm span (AS), vertical jump (VJ), and
high category measurements at limb length (LL). Besides,
this tool also had a good effectiveness value compared to
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similar manual measurements seen from a shorter
measurement duration. Besides, the superiority of data
storage and data processing contained in the measurement
application provided easiness for the tester to evaluate the
measurement results.

In this study, the measurement of limb length was still
in the high validity category. Therefore, for further
research, the researchers recommend being able to
improve the performance of limb length measuring device
so that the device is expected to work more optimally and
be able to achieve very high validity so that the accuracy
of the device can be improved. Furthermore, the use of the
counterbalanced design method was very good to be used
in testing the validity of a newly developed device
compared to an existing device.
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