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ABSTRACT 

Purpose: This study is to evaluate the level of reliability in traditional and alternative 

tests, to evaluate the strength and endurance of muscles in the pectoral girdle.  

Material and methods. The respondents study were 47 cadets aged 18-25. The 

reliability was established by two-fold evaluation by three randomly selected 

supervisors from among the professors of the departments for the procedure of PhF 

testing according to the requirements of the TPhEI and ACFT.  

Results. Reliability was calculated by analyzing ANOVA, ICC and average differences 

using Bland-Altman methods. The results of the ANOVA don’t confirm significant 

differences in the statistically results of supervisor’s evaluation. The average difference 

between the 1st and 2nd measurements are -0.234 (± 1.96 SD = 3.887 – 4.35), 3.43 

(20.47 – 13.62), 0.43 (0.95 – 0.87) and 0.19 (1.82 – 1.44) times for each of the 4 tests, 

respectively. The ICC showed the superior reliability of each controller for first, second 

measurements and the overall reliability of the ICC 1 (95% CI 0.999-1), 0.999 (0.999-1) 

alternative tests. The measurement error for PU, PshU, LT and Hand release pushups 

was 0.301, 1.27, 0.121 and 0.068 respectively. The SDC values were 0.85, 3.52, 0.35 

and 0.188 for PU, PshU, LT and Hand pushups.  

Conclusions. These tests demonstrate a practical, effective method of measuring the 

functional power.  

 

Key words: reliability; tester; push up test; pull up; hand release pushups; leg tuck 
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Fiabilidad de pruebas alternativas para evaluar la fuerza  

y la resistenciade los músculos de la cintura pectoral 

 (cintura escapular) del personal militar 

 

RESUMEN 

Propósito: Este estudio es evaluar el nivel de confiabilidad en las pruebas tradicionales 

y alternativas, para evaluar la fuerza y resistencia de los músculos de la cintura 

escapular. 

Material y métodos. Los encuestados del estudio fueron 47 cadetes de entre 18 y 25 

años. La confiabilidad fue establecida por evaluación doble por tres supervisores 

seleccionados al azar entre los profesores de los departamentos para el procedimiento de 

prueba PhF de acuerdo con los requisitos de TPhEI y ACFT. 

Resultados. La confiabilidad se calculó analizando ANOVA, ICC y diferencias de 

promedio utilizando los métodos de Bland-Altman. Los resultados del ANOVA no 

confirman diferencias significativas en los resultados estadísticos de la evaluación del 

supervisor. La diferencia media entre la 1.ª y la 2.ª medición es -0,234 (± 1,96 SD = 

3,887 – 4,35), 3,43 (20,47 – 13,62), 0,43 (0,95 – 0,87) y 0,19 (1,82 – 1,44) veces para 

cada una de las 4 pruebas, respectivamente. El ICC mostró la confiabilidad superior de 

cada controlador para la primera, segunda medición y la confiabilidad general del ICC 1 

(IC 95% 0.999-1), 0.999 (0.999-1) pruebas alternativas. El error de medición para PU, 

PshU, LT y Hand release pushups fue 0,301, 1,27, 0,121 y 0,068 respectivamente. Los 

valores SDC fueron 0.85, 3.52, 0.35 y 0.188 para PU, PshU, LT y Hand pushups. 

Conclusiones. Estas pruebas demuestran un método práctico y eficaz para medir la 

potencia funcional. 

 

Palabras clave: fiabilidad; probador; prueba de flexiones; flexiones hacia arriba; 

flexiones con liberación manual; flexión de piernas 
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INTRODUCTION 

Military conflict experience shows that in modern wars there is no «front line». Every 

soldier may find himself or herself in a position where he or she needs to shoot, move, 

overcome obstacles, lift, duck, carry cargo, and assist the wounded (Carlson, & Jaenen, 

2012). In order to carry out these actions effectively, the military requires some basic 

level of sufficient muscle strength, dexterity, coordination, and endurance (Billing, Silk, 

Tofari, & Hunt, 2015; Batchelor, 2019). Muscle strength and stamina are important 

components of PhF (McManis, Baumgartner, & Wuest, 2000; Aandstad, 2020). 

The necessary level of training is achieved by a planned, scientifically sound and 

systematic process for their physical improvement. The management of this process 

involves the time, and objective provision of information on the PhF of the military 

personnel. This task is solved by the system of verification and evaluation of PhF 

(TPhEI, 2014). It is based on assessment technology, tests and performance standards 

(Bompa, & Haff, 2009; Armstrong, Sinden, Sendsen, MacPhee, & Fischer, 2019). 

Traditionally, the Armed Forces of Ukraine use the following exercise to evaluate the 

development of the shoulder girdle: Pull up (PU), Push up (PshU) (Temporary 

Instruction for Physical Training (TIPT)). Current research has shown that these tests 

have serious shortcomings in determining the readiness for military professional 

activities. This is how they evaluate the strength of the shoulder girdle, while combat 

missions require strength on the lower limbs. 

Alternative tests are currently being tested in the armies of the world’s leading nations, 

which evaluate the muscle strength and stamina of the upper/lower body parts 

(Peterson, 2015; Palevich, Poddubny, Tkachuk, & Zolochevsky, 2018). At the same 

time, the following exercises are used: bending and extending the arms in a lying down 

position, lifting the legs up to the elbows on the bar. 

The results of these tests are evaluated by the examiners. The McManis et al. (2000) 

study identifies some of the problems that are common in the pull-up test, such as when 

participants take the SP or the «chin above the bar» position, which makes the 

assessment difficult. Moreover, it isn’t possible to distinguish the physical development 

level in all the military personnel of the Armed Forces of Ukraine (Baumgartner, & 

Sharon, 2005). 

https://doi.org/10.37811/cl_rcm.v6i2.1994
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Similarly, in the Lie-Down Bending and Extension Test, many experts are unable to 

determine the movement of the breast through the plane of right angles between the 

arms and the forearms, fully extending the arms, which leads to a low evaluation of the 

test’s reliability (Baumgartner, Chung, & Hales, 2005). Therefore, objective 

information on the PhF of soldiers can only be obtained if the measurements can be 

performed reliably. 

The study by Putranta and Supahar (2019) shows that in studying the overall score 

obtained from measurements between experts and the results of the evaluator’s 

agreement, scores are almost always not identical. The reliability of the test is 

determined by the dispersion analysis of the expert estimates and the evaluation of the 

various components of dispersion (Arifin, Retnawati, & Putranta, 2020). Different 

indices for measuring agreement among several experts on the existence or absence of 

different measurement results can be interpreted as a correlation coefficient within a 

class (Rae, 1984). 

Following current theoretical approaches in reliability studies, absolute and relative 

reliability measures need to be established (Hopkins, 2000; Weir, 2005). Relative 

reliability can be assessed by quantifying the correlation between repeated 

measurements, usually by obtaining an ICC (Shrout, & Fleiss, 1979). 

Absolute reliability refers to the variability of estimates from test to test and is 

independent of the sample, as the range of individual estimates isn’t taken into account. 

A common estimate of absolute variability is a standard measurement error (SEM), 

which is a measure within the subjective variation considered to be a «random variation 

in measurement when a person is checked repeatedly (Shrout, & Fleiss, 1979; Hopkins, 

2000; Weir, 2005). Additional statistics called the Least Detectable Change (SDC) are 

increasingly used as a checkpoint for interpreting changes in scores. SDC indicates the 

smallest change in the estimate that occurs due to a real change in the estimate, not due 

to a measurement error. 

This approach has already been used in psychometric research (Smits-Engelsman, & 

Niemeijer, 2011; Holm, & Tveter, 2013; Proenca, Salomao, et al., 2014; Klijn,, & 

Legemaat, 2015; Serbetar, & Loftesnes, 2019)  
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The objective of this study is to compare the reliability of traditional and alternative 

tests to evaluate the strength and endurance of the muscles of the upper body. Research 

materials can be used for training and testing guidance in the future. 

METHODS 

Sample 

Respondents to this study were 47 male cadets aged 18-25 from Kharkiv National Air 

Force University "Chief Marshal of Aviation Ivan Kozhedub”, The reliability of the 

tests was established by a double evaluation 8-10 days after the1st check by three 

randomly selected supervisors from the PhE, ST and S Departments. All cadets were 

evaluated individually for the procedure of physical preparation verification in 

accordance with the requirements of the TIPT and the Army combat fitness test 

(ACFT). 

The study was pre-approved. Each participant voluntarily provided a written informed 

consent prior to participation. 

Data collection measuring instrument 

The participants performed the exercise alternately, in that order by the controller, but 

before conducting the next test the subject had sufficient rest time. 

Each supervisor received instructions on the conditions of exercise. 

According to the terms of the TIPT, the PU on the bar is performed from the starting 

position (SP):hanging by the top of a bar with the arms straight, head straight, legs 

together. Bending the arms, raising the body in one move to the «chin above the bar» 

position. Go down in the SP without rocking. The controller only declared the score 

after fixing the SP of at least 1 and this was the permission to continue the exercise. 

They were not allowed to take their feet back to the SP, to perform the swerving 

movement of their body and legs, and to bend their knees. A slight slow deviation of the 

straight legs forward and the body from the stationary position was permitted. 

The bending and extension of the arms in the lie-down support is performed from the 

SP: the lie-down stop, the arms parallel, the body straight, the legs together, relying on 

the socks. Bending the arms, lowering the straight body into the position where the 

breasts pass the plane of the right angle between the shoulders and the forearms, fully 

extending the arms to exit the SP, the invoice is declared after fixing the SP. During the 

bending and extension of the arms in the lie-down stop, it was permitted to stop for rest 

https://doi.org/10.37811/cl_rcm.v6i2.1994
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in the SP. It was forbidden to bend and bend the body, to touch the floor with any part 

of the body, to tighten the legs. When the floor was touched simultaneously by the 

chest, the stomach, and the feet, the exercise stopped. 

According to the ACFT conditions, the cadets make traditional bends and arm 

extensions in the lower position, but when in the lower position, release the hands from 

contact with the ground and then return to the previous position to perform another 

PshU. This allows the use of additional muscles in the shoulder girdle. Run time is 1 

minute. 

Like PU, cadets lift their feet up and down to touch their elbows as much as they can. 

This exercise strengthens the main muscles as it doubles the amount of force required 

compared to the traditional PU. Three experts independently recorded the results of 

each test. 

Data analysis 

Statistical analysis of the results was carried out using STATISTICA 10.0. and SPSS 

Statistics 17.0. The normal distribution was evaluated using the Shapiro-Wilk method. 

For the entire sample, the parameters of the descriptive statistics were calculated. 

Parametric indicators are presented as M±SD, where M (Mean) is the average, SD is the 

standard deviation. The reliability of the tests was determined on the basis of the 

recommendations described in the introduction (Hopkins, 2000). A variance analysis of 

expert estimates was carried out, and ICC were calculated. For the ICC calculation we 

have taken the form ICC, described in Shrout and Fleiss (1979) as ICC or bilateral with 

a random effect for absolute consent. 

The consistency between the controllers was calculated using the ICC each for the first 

and second tests and all three controllers (overall reliability). 

The Bland-Altman graphics were built to visually control and eliminate the presence of 

heterosecasticity (Bland, & Altman, 1986). Based on SEM, the smallest observed 

change (SDC) was calculated, which is the minimum difference that can be considered a 

real change between measurements with 95% confidence. SDC was calculated as 1,96 * 

SEM * √2. 

The calculation of the percentage error was as follows: 1,96 * standard standard 

deviation of the mean difference between 1st  and 2d test / mean value of the test from 

the two measurements * 100%. 
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For all tests, a value level of p ≤0.05 was used. 

All reliability parameters were calculated using raw estimates because we suggested 

that it was more appropriate to obtain SEM and SDC values in real units of measure 

than in standard estimates. 

RESULTS 

As a result of a descriptive analysis of the data, it was obtained that the three controllers 

have different scores based on PU, PshU, Hand release pushups, LT. The results of the 

evaluation are presented as an average and a standard deviation in Table 1. 

The highest average score with an average of 13.15 ± 6.91 times and 12.89 ± 5.86 times 

in the PU test on the 1st  and 2d test was given by the 2d supervisor. The lowest score, 

averaging 10.91 ± 6.27 times in the first test, was obtained from the first supervisor and 

11.98 times from the first and third supervisor. The results of the PU evaluation also 

show almost identical results, namely, the three supervisors have the results of the tests 

for which the highest average value is obtained from the third supervisor’s evaluation 

with an average value of 37.53 ± 18.83 in the first test, and the lowest score with an 

average of 30.26 ± 13.56 received from the third supervisor in the second test. Hand 

release pushups and LT average scores are equal. These data show that there are 

differences between PU, PshU. However the ANOVA analysis presented in Table 2 

doesn’t confirm statistically significant differences in the results of the supervisor’s 

evaluation. The calculated value F doesn’t exceed the critical value F of p >0.05. 

The total ICC of the sample, based on the real units of measurement for each exercise is 

presented in Table 3. Table 3 shows that in four types of tests there are different 

correlation coefficients between supervisors. When evaluating the PU test, the reliability 

of each of the three experts was between good and excellent (the ICC lowest in the third 

controller was 0.942 and the highest 0.963 in the 2d), while the overall reliability was 

excellent, ICC = 0.986 (0.978 0.992). The reliability of each expert in evaluating the PU 

test was between average and good (the ICC lowest in the 3d controller was 0,838 and 

the highest 0.92 in the 1st), while overall reliability was excellent, ICC = 0.968 (0.95 

0.981). 

The reliability of each expert in evaluating the Hand release pushups and LT test is 

rated as excellent. ICC for all controllers is 0.999 and 1 with a correlation range of 

0.999-1. 

https://doi.org/10.37811/cl_rcm.v6i2.1994
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Based on Utkin’s assumption (1978), ICC values below 0.699 to 0.600, 0.8 to 0.899, 0.9 

to 0.949 and above 0.950 indicate low, acceptable, average, good and excellent 

reliability, respectively. 

Given that ICC is highly dependent on sampling, we also calculated two sample-

independent measures: SEM and least SDC. Since we used raw estimates, SEM and 

SDC are expressed in units of reference. To make SEM values comparable between 

exercises, they were also expressed as a percentage of the average (SEM%). As shown 

in Table 4, PU,PshU the largest SEM%. Accordingly, the SDC measures were also 

higher in these exercises. 

The graph analysis of the results of the four measurement exercises by the three 

supervisors is shown in figures 1. 

The Bland-Altman method for estimating the average difference between the 1st, 2d 

measurements resulted in -0.234 times (± 1.96 SD = 3.887 – 4.35), 3.43 (20.47 – 13.62), 

0.043 (0.95 – 0.87) and 0.19 (1.82 – 1.44) for each of the four tests, respectively. When 

estimating the graphics obtained by the Bland-Altman method, it is found that only 

three indicators (6.38%) went beyond 1.96 SD for PU, one indicator (2.13%) for PshU 

and three indicators (6.38%) for PshU for LT and six indicators (12.77%) for Hand 

release pushups. This suggests good reproducibility of all four tests. 

It is thus clear from the analysis that the reproducibility of the new tests is very high. 

Therefore, new tests may be recommended for use in the assessment of the strength and 

stamina of the muscles of the upper shoulder girdle of servicemen. 

DISCUSSION 

Muscle strength and stamina are important components of the PhT of servicemen 

required for effective combat. According to D'Isanto et al. (2019), test scores are used to 

determine anthropometric and psychomotor profiles of a person, which are used to 

determine the goals needed to develop a learning program. 

In this study, three different statistical analysis methods were used to assess the 

robustness of measurements by four tests performed for each observer and between 

observers in determining the level of strength and endurance of muscles in the upper 

shoulder girdle of servicemen. 

The most preferred way to assess reliability is to use dispersion analysis followed by 

computation of ICC and Bland-Altman graphics for visual examination. 
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The results of the evaluation of several supervisors, including in one test, may differ. In 

order to reach a perfect agreement between the controllers it is necessary to carry out 

selection, their training to evaluate (Barnett, Beurden, Morgan, Lincoln, Zask, & Beard, 

2009). The analysis based on the variances of the above results leads to the conclusion 

that there are no statistically significant differences in the average rating made by the 

three supervisors, indicating a high degree of preparedness and consistency among 

them. 

The findings are consistent with those of Negrete at al. (2010), which conducted studies 

on men and women, and Benny & Matthew (2001), which conducted studies on 

schoolchildren. 

The results are slightly higher than those of Arifin, Retnawati & Putranta (2020), which 

investigated the Indonesian Air Force. The explanation for this is that the cadets have 

more experience than the soldiers in the performance of these exercises (they participate 

more in monitoring activities: once a month control of the plan of sports mass work, 

during scheduled classes, at the end of the semester exam or credits). The description of 

performing exercises in TPhEI is more detailed than As many as five randomly selected 

testers came from the Air Force Physical Development unit and were experienced and 

often involved in PhF testing. The requirements for performing alternative tests have 

fewer problematic movements and positions that the controller assesses. 

The test reliability of the PU, PshU, Hand release pushups and LT tests was excellent. 

The ICC showed the superior reliability of each controller for 1st, 2d measurements and 

the overall reliability of the ICC 1 (95% CI 0.999-1), 0.999 (0.999-1) alternative tests. 

However, in terms of psychometric theory, both high and low ICC values should be 

taken with caution because, as stated in Weir (2005), «large ICC can mask poor 

consistency between tests when variability between subjects is high» and «and 

conversely, a low ICC can be detected even if the variability from test to test is low if 

the variability between subjects is low». Weir (2005) also pointed out the importance of 

the source of the error, which should be briefly addressed. Namely, the term error in 

ANOVA expresses the interaction of subjects and tests, where a small error may reflect 

that estimates change in a similar way in repeated tests, which may lead to a significant 

test effect, which means there’s some kind of systematic error. On the contrary, a 

random error may exist in the data when changes between tests are not harmonized. 

https://doi.org/10.37811/cl_rcm.v6i2.1994
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Since the two-sided model allows split error, we checked the average squares in the 

ANOVA output without finding the effect for the overall evaluation of the tests. 

The average difference between the 1st, 2d measurements is - 0.234 times (± 1.96 SD = 

3.887 – 4.35), 3.43 (20.47 – 13.62), 0.043 (0.95 – 0.87) and 0.19 (1.82 – 1.44) for each 

of the four tests, respectively. 

SEM and SDC were calculated. SEM (as an estimate of absolute reliability) indicates an 

expected error in measuring an individual estimate, expressed in real units of measure, 

while SDC represents a confidence interval around the error. The measurement error for 

PU,  PshU was 0.301 and 1.27. For LT and Hand release pushups 0.121 and 0.068 

respectively. The SDC values were 0.85 and 3.52 for PU, PshU, and for LT and Hand 

pushups 0.35 and 0.188. The minimum detectable change for PU, PshU was slightly 

higher than Leg tuck and Hand release pushups. The SDC values of traditional tests 

were also higher, resulting in a larger measurement error. 

This study confirmed the findings of the scientists (Baumgartner, & Gaunt, 2005; 

Barnett et al., 2009). Arifin, Retnawati & Putranta (2020) that, in order to improve test 

reliability, it is necessary to clearly describe the problem movements, define the 

position so that the controller can accurately evaluate the exercise. Before testing, train 

and instruct controllers to use auxiliary devices to facilitate measurement, apply 

alternative forms of testing. 

CONCLUSION 

The results of the applied statistical methods (analysis of ANOVA, ICC, and average 

differences (Bland-Altman method)) have shown the excellent reliability of alternative 

tests of assessment of strength level and endurance of muscles of the upper shoulder 

girdle of servicemen. These tests, like traditional ones, demonstrate a practical and 

effective method of measuring the functional power of the upper shoulder girdle. 

However, since only one of the traditional tests examined is used in testing and the 

alternative tests are used both, their joint application increases the reliability of the 

estimates. 
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ANEXOS 

Table 1. Results of Pull Up, Push Up, Hand release pushups, Leg tuck Tests 

Test 
Testing 1 (Mean ± SD) Testing 2 (Mean ± SD) 

Tester 1 Tester 2 Tester 3 Tester 1 Tester 2 Tester 3 

Pull up 10.91 ± 6.27 
13.15 ± 

6.91 
12.09 ± 6.80 11.98 ± 6.03 12.89 ± 5.86 11.98 ± 5.89 

Push up 
34.98 ± 

16.26 

36.6 ± 

19.06 

37.53 ± 

18.83 

34.45 ± 

12.62 

34.13 ± 

13.74 

30.26 ± 

13.56 

Hand 

release 

pushups 

32.85 ± 

15.12 

32.94 ± 

15.1 

32.66 ± 

15.13 

32.64 ± 

14.66 

32.57 ± 

14.52 

32.66 ± 

14.64 

Leg 

tuck 
12.4 ± 7.4 12.45 ± 7.4 12.49 ± 7.34 12.4 ± 7.27 12.4 ± 7.24 12.4 ± 7.23 

 

Table 2. ANOVA Analysis Results for Differences in Assessment 

Test F critical F hit Sig 
Pull up 

2.25 

0.742 0.593 

Push up 1.185 0.317 

Hand release pushups 0.042 1 

Leg tuck 0.001 1 
 

Table 3. Intraclass correlation coefficients (ICC) 

Test 
ICC (± 95% CI) 

Tester 1 Tester 2 Tester 3 Tester 1-3 

Pull up 0.959 (0.910 0.980) 0.963 (0.935 0.980) 0.942 (0.895 0.967) 0.986 (0.978 0.992) 

Push up 0.92 (0.857 0.956) 0.873 (0.773 0.929) 0.838 (0.55 0.928) 0.968 (0.95 0.981) 

Hand 

release 

pushups 

0.999 (0.998 0.999) 0.999 (0.998 0.999) 0.998 (0.997 0.999) 1 (0.999 1) 

Leg tuck 0.999 (0.998 0.999) 0.998 (0.996 0.999) 0.998 (0.996 0.999) 0.999 (0.999 1) 

Table 4. Standard error of measurement (SEM) and smallest detectable change (SDC) 

values for each age 

Statistics 

options 
Pull up Push up 

Hand release 

pushups 
Leg tuck 

SEM 0.301 1.27 0.121 0.068 

SEM% 33.87 49.18 4.97 7.32 

SDC95 0.85 3.52 0.35 0.188 
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Figure 1. Graphical data showing the differences (Y-axis) between control 1 and control 

2 (separated by at least 1 week) compared to the mean (X-axis) of the same two 

dimensions according to the Bland-Altman method (1986).The graphics include: a ‒ 

Pull up; b ‒ Push up. c ‒ Leg tuck and d ‒ Hand release pushups when re-measured by 

three controllers 
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