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Purpose: To adapt and validate selected tests assessed the accuracy and precision of flip shots and bottom spin backhand 
strokes precision hitting for Para table tennis players: Manual quickness & ability Forehand (Manual Q&A FH), Manual 
quickness & ability Beckhand (Manual Q&A BH), Alternate push test. 
Methods: The study group includes 23 table tennis players (age 28.10±13.7 years, 26.1% of females), with impairment 
belonging to the senior national team of Poland. A battery of three specific tests evaluating stroke accuracy was assessed. The 
conventional Cronbach’s alpha (α) and McDonald’s omega (ω) coefficients were calculated to determine the tests’ reliability.
Results: The highest absolute agreement was found for the Manual Q&A FH test  (ICC= .838) and the lowest for the Manual 
Q&A BH test (ICC= .652). For most trials, the results obtained at three consecutive time points were similar (P< .01), and the 
strength of this concordance was close to .70. 
Conclusions: The research on the reliability and accuracy of the specific tests confirmed the need for the indicated special 
technicaltests on table tennis players with impairment for the three integrated classes of disabilities. Analysis of the data 
obtained from the tests can provide coaches with important information on the level of selected technigue elements of elite 
Para table tennis players.
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Introduction

Table tennis is a physical activity that requires players to have 
high precision, dexterity, and motor coordination1. One of the 
key skills is the precise placement of the ball to a chosen spot 
on the playing field executed at the right time in response to the 
opponent’s play2,3. This skill is challenging because the distance 
between the players and the time between successive strokes 
is very short. Table tennis players must quickly transition from 
one technical skill to another to execute precise and effective 
actions that bring them closer to victory in competitive sports4. 
In Para table tennis, ball speed and accuracy (ie, the capacity to 
hit a desired area) are the most  relevant technical parameters to 
describe stroke performance1. In the context of Para table tennis, 
these skills become particularly significant, as athletes must 
often deal with challenges arising from various disabilities5,6. 
The test protocols for motor skill and technical proficiency 
level in Para table tennis are still poorly established7. There is 
not a wide range of tests for players with different impairments.  
However, standardised tests are essential for monitoring training 
progress. With measurable outcomes, athletes and coaches can 
observe the results of their training. These tests can classify 
the abilities and technical levels of trained athletes and, if 
effective, allow coaches to evaluate their athletes’ strengths and 
weaknesses8. Additionally, these tests help optimize training 
to enhance athletic performance; table tennis players with 
impairment can understand their capabilities through proper 
assessment, identifying weaknesses that can be improved with 
adequate training9,10. Thus, testing is an indispensable component 
of the training process, as without evaluating the results, detailed 

progress cannot8 be tracked11,12.
The literature review indicates limited scientific works addressing 
the analysis of variables, such as accuracy and precision of 
strokes, in Para table tennis8. A synthetic compilation of tests 
adapted for the needs of table tennis players with impairment 
was conducted by Kong and Ma13. By analyzing the Scopus, 
PubMed, SPORTDiscus, and Web of Science databases, they 
highlighted the following studies, e.g. Wu et al.12, Smits-
Engelsman et al.14, Van Biesen et al.15-19.
So far, few studies have been conducted on able-bodied 
players20-23. They assessed the tests’ credibility and reliability, 
which most often provided a secondary background for analyzing 
other variables, primarily involving the biomechanical analysis 
of the table tennis playing technique.
Only two scientific works24,25 attempted to determine the 
normative values for assessing the precision level of strokes and 
serves in table tennis. The proposal to develop such normative 
values by Gomes et al.24 differentiates these levels solely based 
on gender and aims the senior category. On the other hand, 
Purashwani et al.’s25 research conducted on 816 men (410 
juniors and 406 seniors) does not specify values for specific 
age categories and does not consider the variability of levels 
relative to gender. So far have attempted to adapt and validate 
selected tests of service accuracy and precision for individuals 
with disabilities8. The attempts involved serving and returning 
the ball using a topspin hit. This work continues the previously 
undertaken research topics, focusing on adapting precision 
hitting tests in Para table tennis8. Here, the test trials focus on 
using fundamental hitting techniques in Para table tennis for 
individuals with disabilities—the forehand flip, backhand flip, 
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and hitting the ball with a backhand backspin12. The research 
results aim to establish reference values for selected test trials 
assessing the special needs of Para table tennis players. 
The work’s main objective is to adapt and validate selected 
precision tests for forehand and backhand flips, as well as 
bottom spin backhand strokes for Para table tennis players. 
The following hypothesis was formulated to estimate the tests’ 
validity and reliability:
1) Para table tennis players ranked higher in world rankings 
in their categories are characterized by better results in special 
technical tests.
2) The results of special technical tests differ among integrated 
classes with disabilities. 

Methods

Participants
The study included 23 table tennis players with an average age 
of 28.10±13.7 years (including 26.1% women), all part of the 
senior national team of Poland for individuals with impairement. 
The average stature of standing players was 162.71±11.60 cm 
and the average of body mass was 55.12±11.41 kg. The average 
stature of wheelchair players (sitting height) was 88.33±9.45 
cm, with a body mass of 75±3.00kg. The average personal table 
tennis experience was 13.40±11.3 years (W= .84; P= .002) and 
the average number of hours of training per week was 8.80±4.4 h 
(W= .89; P= .018). There were six athletes in Classes 1-5, which 
includes wheelchair athletes, six athletes in Classes 6-10, which 
includes athletes who compete standing up, and four athletes in 
Class 11, which includes athletes with intellectual disabilities. 
The players had to meet the following criteria: be members 
of the national team for people with disabilities and possess a 
valid license from the Polish Table Tennis Association; have at 
least two years of training experience; have a health condition 
allowing participation in all special technicaltests confirmed by 
medical examinations; and have a playing style requiring the use 
of rackets with smooth rubbers (excluding players who use non-
typical rubbers, such as anti-spin, short pips, or long pips, whose 
play style is characterized by different techniques than the flip 
and chop strokes used in the special battery tests conducted). 
The surveyed group of athletes includes Olympic, World, and 
European champions, and as many as 65.2% of the athletes are 
ranked within the top 30 worldwide in their respective disability 
classes. All participants provided written informed consent to 
participate in the study. Parental consent was obtained for minor 
participants. All data was anonymized. The study was conducted 
in accordance with the Helsinki Declaration and received 
approval from the Bioethics Committee.
Methodology
A test-retest procedure was employed to calculate the reliability 
of the tests. The tests on table tennis players were conducted 
at three consecutive time points during the preparation period: 
T1- July 6, 2023 (Drzonków), T-2 August 6, 2023 (Bydgoszcz), 
and T3 - September 1, 2023 (Władysławowo). Mixed qualitative 
and quantitative methodologies were used in this study. In the 
first stage, the Delphi technique was used to determine the face 
validity of three tests taken from the scientific literature. It should 
be noted that the experts did not meet for the assessment. Delphi 
is a questionnaire technique that uses multiple iterations designed 
to develop a consensus of opinion concerning a specific topic23,26. 
Experts could be people who possess knowledge in a particular 
area, who are representatives in the specific discipline, or who 
have relevant experience. All need to be willing to contribute 
their opinions. This technique was used to reach the opinion of 

experts, such as high-level Para table tennis coaches and table 
tennis lecturers. The Delphi method was used to confirm whether 
the selected tests were adequate for evaluating the variables and 
the relevance of the tests components (i.e., the specific skills 
and abilities relevant to Para Table Tennis athletes). In addition 
to confirming alignment with the International Table Tennis 
Federation (ITTF) rules, the Delphi survey assessed whether the 
test trials, as well as the overall evaluation process, appeared to 
have face validity in accurately measuring the intended attributes 
of Para Table Tennis athletes' performance. This included 
examining whether the measurement methods were perceived 
as realistic, straightforward, and relevant to the sport's specific 
demands, as well as to the athletes' capabilities within the Para 
Table Tennis context. The expert group sample consisted of three 
national coaches and two university lecturers, with a minimum 
criterion for a coach having a national trainer certificate or a 
coach who has brought athletes to regional and national level 
competitions. As in Galas et al.8 the following questions were 
asked to the coaches: Were the measure components relevant 
to what is being measured? Did the measurement method seem 
useful for measuring the variable? Did the method of performing 
the various test trials comply with the game rules given by the 
International Table Tennis Federation (ITTF) for Para Table 
Tennis? 
The second stage was the qualitative analysis, where the input 
results from expert judgment were analyzed with Aiken's 
formula27. The final stage involved analyzing the results of 
the battery tests on 23 Para table tennis players using Cohen’s 
Kappa Index. The test reliability was calculated using the test/
retest procedure.
A battery of selected tests for table tennis was used to determine 
the level of special fitness among players with disabilities. Two 
trials assessed the accuracy of flip shots: Manual quickness & 
ability FH (A and C) and Manual quickness & ability BH (B 
and D)24. Another trial assessed the accuracy of the chop shot: 
Alternate push test (E)25. A forehand (FH) is a stroke with 
the inside of the bat on the side of the dominant hand and a 
backhand (BH) is a stroke with the outside of the bat on the side 
of the non-dominant hand.  The letters A to E refer to the five 
smaller pictures signed in the lower left corner of each picture 
(Figure 1). In the flip shot tests of ball strokes Manual Quickness 
& Ability I and II24, the balls were. thrown by a specially 
programmed robot with a remote oscillator and control, Tibhar 
Robo Pro Junior (Japan), to hit them bouncing 30 cm behind the 
net. The participants had to make 15 hits in one attempt with 
a one-minute break, aiming for squares of 30 x 30 cm, 30 cm 
away from the net, using forehand (A) and backhand (B). The 
ball thrown for class 1–5 players in wheelchairs aimed 15 cm 
farther, 45 cm behind the net for the forehand (C) and backhand 
strokes (D).
In the original article24 the dimensions designated for hitting 
targets were not specified, nor was it indicated how many 
centimeters behind the net the ball should be served. Therefore, 
the dimensions of the designated spots were arbitrarily set to 30 
x 30 cm, and the robot was programmed to serve the ball 30 cm 
behind the net, as specified in other tests on graphics of the same 
dimensions e.g., reaction speed II24. Test trials Manual quickness 
& ability I and II have not been previously evaluated, though in 
a different age group and in able-bodied players20, in contrast to 
other tests from the Gomes et al.24 battery. 
Selected test variants by Gomes et al.24 included the use of a 
basic striking technique in para table tennis for individuals 
with disabilities—forehand and backhand flips—and the trial 
proposed by Purashwani et al.25 – hitting the ball with a backspin 
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using a backhand stroke. This is the second attempt at validating 
and adapting selected tests for people with disabilities by the 
author Galas et al.8, involving different striking techniques than 
the first time, where the trials included serving and returning the 
ball with a topspin hit.
The Manual Quickness & Ability I and II tests from Gomes et al.24 

needed to be adapted for class 1–5 athletes in wheelchairs due to 
the participants’ shorter arm reach. The proposed modifications 
were developed through detailed discussions with a panel of 
experts, including high-level coaches licensed from the Polish 
Table Tennis Association and athletes who have won medals in 
the Paralympic Games, World Championships, and European 
Championships. Video analysis of Para table tennis matches and 
a literature review in the field were also included28,29.
In the strokes’ accuracy testing, the Alternate Push Test25 
involved a string mounted parallel to the net at 20 cm high. The 
athletes had to perform as many under-cut shots with backspin 
as possible within 30 seconds with a master coach. One bounce 
was counted when the ball passed between the net and the string. 
Half a bounce was counted when the ball touched the string, and 
no bounce was counted when the ball passed over the string. The 
best result of two attempts within 30 seconds was considered the 
final result.
The trial proposed by Purashwani et al.25 has so far been rarely 
used globally. It was used by Sharma30, among others, to examine 
a group of 25 able-bodied table tennis players. The average score 
for this sample was 16.64 hits in 30 seconds.

The players were familiarized with the strategies and hardware, 
and the testing began shortly. All the members performed a 
warm-up with a square of basic workouts (15 min) and a special 
warm-up on the table (20 min) under the supervision of the 
coach, who taught them the correct way to perform the tests. 
Design
All test trials were conducted on tables adapted for individuals 
with disabilities, certified by the ITTF, using Tibhar 3* plastic 
balls (Saarbrücken, Germany). The trials were implemented 
via direct participant observation and recorded using a Sony 
Handycam DCR-SR32E (Tokyo, Japan) video camera. The 
number of hits on the table and between the net and the tape was 
read on the video later. The 30 seconds in the Alternate Push 
Test25 were measured using a CASIO HS-80TW-1EF electronic 
stopwatch (Tokyo, Japan), and the accuracy of the string’s parallel 
alignment to the grid was adjusted using the JCB-CLL-R cross 
laser level (Pembrokeshire, United Kingdom). A specialized 
robot, Tibhar Robo Pro Junior (Saarbrücken, Germany), with 
remote control, was used for the research. The same robot has 
already been used by the author for other tests 8,31,32. Devices 
with similar settings were also used by other authors, including 
Newgy Robo Pong 2050 (Tennessee, USA)33, Tibhar Robo Pro 
Master (Germany)21,34 and Nevgy Robo Pong 1040 (Tennessee, 
USA)17,18. The additional tools used to conduct the skill tests 
were a scoresheet, a pen, a stopwatch, a chalk marker, a cord, 
and balls.
Statistical Analysis

Figure 1. Test trials: Manual quickness & ability test FH (A), Manual quickness & ability test 
BH (B), Manual quickness & ability test FH (modification only for wheelchair players [Classes 
1–5] (C), Manual quickness & ability BH (modification only for wheelchair players [Classes 
1–5]) (D), Alternate push test BH (E).
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Test

Reliability Descriptive statistics Friedman test
Kendall 

test

α ω
ICC 
(2,1)

P term M SD Q1 Me Q3 Min Max SKE V W P T p W χ2 P
η2/ε2

Manual Q&A FH 
(number of hits)

.843 .849 .838
< 

.001

T1 9.81 2.53 8.00 10.02 12.00 6.00 14.00    .00 26% .94 .195

6.58 .037** .76 49.81
< 

.001

.41

T2 10.01 2.69 8.00 10.00 12.00 4.00 13.00 − .90 27% .87 .008
.37

T3 10.70 2.80 9.00 11.01 13.00 5.00 15.00 − .50 26% .94 .201
.39

Manual Q&A BH 
(number of hits)

.684 .708 .652 .001

T1 10.52 2.61 9.00 10.00 13.00 5.00 15.00 − .20 25% .97 .629

4.61 .015* .62 40.99 .008

.35

T2 10.00 2.50 8.00 10.01 12.00 6.00 14.00 − .20 25% .93 .130
.42

T3 11.62 1.95 10.00 12.02 13.00 8.00 15.00   .00 17% .96 .451
.48

Alternate Push Test 
(number of hits)

.799 .806 .749
< 

.001

T1 22.81 2.79 21.00 23.01 26.00 18.00 28.00   .10 12% .95 .305

8.77 <.001* .68 45.09 .003

.38

T2 22.33 2.66 20.00 23.02 23.00 18.00 29.00   .60 12% .94 .240
.47

T3 24.50 3.01 23.00 25.00 26.00 18.00 30.00 − .10 12% .97 .644
.40

Abbreviations: α - value of Cronbach coefficient; ω - omega McDonald’s coefficient; (ICC) (2,1) - Interclass correlation coefficient value of interclass correlation (two-way mixed type absolute agreement); p, 
significance level, M - mean; SD - standard deviation; Q1 - first quartile; Me - median; Q3 - third quartile; Min - minimum value; Max - maximum value; SKE - squatness V - coefficient of variation; W - value of 
Shapiro–Wilk test, T - value of Friedman test; W - value of Kendall coefficient; χ2 - value of the chi-square statistic, η2  - measure of the strength of the effect eta square, ε2 – measure of the strength of the effect 
epsilon square. “*” one-way repeated measures ANOVA; “**” Friedman test.

Table 1. Reliability, descriptive statistics and comparison of test results for all tests at the three measurement time points.
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The data’s normal distribution and homogeneity were verified 
using the Shapiro–Wilk test. A one-way analysis of variance 
(ANOVA) tested the significance of differences in means among 
more than two independent groups. When the assumption 
of congruence with a normal distribution was not met, the 
significance of differences in distributions among more than two 
independent groups was tested using the Kruskal–Wallis test. 
The significance of differences in means between more than two 
dependent measures was tested using an ANOVA for dependent 
samples. The significance of differences in distributions among 
more than two dependent measures was tested using the Friedman 
test. A nonparametric test was used to detect treatment differences 
across multiple test attempts. The Bonferroni correction was 
used for post hoc testing. Correlations between variables were 
checked using Spearman’s rank correlation coefficient (rS). The 
conventional Cronbach’s alpha (α) and McDonald’s omega (ω) 
coefficients were calculated to determine the tests’ reliability. The 
ICC (two-way mixed effects, absolute agreement, and Kendall’s 
W) was used to determine correlations between measurements. 
Objects of measurement with ICCs between .01 and .30 
represent slight agreement, ICCs between .31 and .50 represent 
moderate agreement, ICCs between .51 and .70 represent strong 
agreement, and ICCs between .71 and 1.00 or .80 represent very 
strong agreement35. The level of statistical significance was set at  
α= .05 for all tests. SPSS Statistics (version 24) (IBM, Armonk, 
NY, USA) was used for the statistical analysis.

Results

For all tests, absolute agreement was found for the three 
measurements (P> 0.05). The highest absolute agreement was 
found for the Manual Q&A FH test (RICC= .838) and the lowest 
for the Manual Q&A BH test (RICC= .652) (Table 1). Cronbach’s 
alpha reliability coefficients were above 0.7 for the Manual 
Q&A FH (α= .843) and the Alternate Push Test (α= .799). For 
the McDonald’s omega coefficient, satisfactory reliability above 
.70 was obtained for all tests. The highest absolute strength of 
agreement was found for the Manual Q&A FH test (ω= .849) 
and the lowest for the Manual Q&A BH test (ω= .708) (Table 1).

The descriptive statistics for all three tests at the three 
measurement time points (T1, T2, and T3) are presented in Table 
1. Except for one case, the distribution of the results followed 
a normal distribution in all the test samples (P ≤  .05). The 
statistical analysis using the Friedman test indicated significant 
differences between scores on the Manual Q&A FH test (T= 
6.58; P= .037). However, further post-hoc analysis using the 
multiple comparisons test for ranks of means failed to show 
which measures had statistically significant differences (P≥ 
.05). The statistical analysis using one-way repeated measures 
analysis of variance indicated a significant difference between 
the number of hits scores on the Manual Q&A BH test (F= 4.61; 
P= .015) and the Alternate Push test (F= 8.77; P < .001). Further 
post-hoc analysis using the Bonferroni test indicated that, for 
the Manual Q&A BH test, measurements taken at T1 were 
significantly different from those taken at T3 (F= 15.18; P < 
.001). In contrast, in the second case, measurements taken at T1 
were significantly different from those taken at T2 (F= 8.82; P < 
.001), and measurements taken at T1 were significantly different 
from those taken at T3 (F = 8.82; P < .001). 
For most trials, the results obtained at three consecutive time points 
were similar (P < .01), and the strength of this concordance was 
close to 0.7. The strongest concordance was found for Manual Q&A 
FH test results (W= 0.76), and the weakest for Manual Q&A BH  
(W= 0.62) (Table 1). It should be noted that the players’ results 
improved in each test round only with the Manual Q&A FH 
test. Statistically significant differences were found in the 
distribution of scores between integrated sports classes for the 
Alternate Push Test at T2 (P = .027). Further post-hoc analysis 
showed that classes 1–5 were significantly different from those 
with an intellectual impairment (P= .024). The effect’s strength, 
measured by the epsilon square, was .30. Statistically significant 
differences were found in the distribution of scores between 
groups by integrated sport class for the Alternate Push Test at 
T3 (P= .035). Further post-hoc analysis demonstrated that sport 
classes 1–5 significantly differed from sport classes 6–10 (P= 
.042). The effect’s strength, measured by epsilon square, was .28 
(Table 2).
No additional statistically signif﻿﻿icant correlations were found. 

Term of 
research Test

integrated sport classes Kruskal–
Wallis test ε21–5 class 6–10 class 11 class

M SD M SD M SD T P

T1

Manual Q&A FH 
(number of hits/15 balls thrown)

9.51 2.66 10.21 2.51 9.36 2.99 0.55 .778** .03

Manual Q&A BH
(number of hits/15 balls thrown)

8.33 2.16 11.41 2.14 10.81 3.30 3.47 .051* .26

Alternate Push Test
(number of hits/30 seconds)

23.22 3.31 22.83 2.31 22.53 4.12 0.07 .934* .01

T2

Manual Q&A FH
(number of hits/15 balls thrown)

10.34 2.42 9.82 2.42 10.50 4.36 1.32 .517** .06

Manual Q&A BH
(number of hits/15 balls thrown)

9.35 2.16 10.75 2.75 9.03 1.83 1.04 .373* .09

Alternate Push Test
(number of hits/30 seconds)

24.21 3.31 22.31 1.80 19.84 2.22 4.33 .027* .30

Table 2. Correlations between test results and integrated sport classes.
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The correlation analysis performed using Spearman’s test 
exhibited no statistically significant associations between: player 
age and individual test scores on the three test dates (P ≥ .05); 
frequency of training and test scores on the three test dates (P≥ 
.05); player training years and test scores on the three test dates 
(P ≥  .05); and player ranking and test scores on the three test 
dates P ≥  .05).

Discussion

This study aimed to adapt a set of stroke precision tests to 
the needs of players with impairment. This paper presents an 
adaptation of three further tests, determining the precision of 
the flip forehand and flip backhand strokes and after hitting the 
ball with a bottom rotation backhand for the needs of Para table 
tennis players. Those techniques are basic in Para table tennis. 
According to the study’s results, the presented battery tests 
indicated good content validity and reproducibility; they could 
measure the selected ability level of any table tennis player with 
impairment. Furthermore, the ICC test displayed good results, 
so the table tennis skill battery test is needed to measure the 
indicated skills of Para table tennis athletes (Table 1). According 
to Heale et al.36, Cronbach’s α > .70 shows high reliability. The 
key results demonstrated that the proposed set of specific tests 
for Para table tennis players is stable and can measure stroke 
accuracythe strength of this concordance was close to .70 (Table 
2).
The presented tests of stroke precision have the advantage of 
including the measurement of table tennis skills often used 
by players during matches and training. The presented table 
tennis tests as a testing and training tool in technical skills do 
not require any highly sophisticated equipment and may offer 
valuable information to the coaches about their players’ technical 
level. These tests have been used for almost two decades24,25 to 
identify talent in able-bodied table tennis players and have not 
yet been adapted for tennis players with impairment. Research 
is also lacking on their reliability. The first attempt to adapt a 
set of specific tests of accuracy and precision in table tennis to 
players with impairments was presented by Galas et al.8 among 
others. The assessment of technical skills conducted with 
standardized and validated tools, such as efficiency tests, enables 
the appropriate interindividual and group assessment of progress 
or regression. 
The content validity was determined by giving the designed 
tests to the experts, including the table tennis coaches and the 
lecturer. The experts were asked to assess the accuracy of the 
flip forehand and backhand strokes and after hitting the ball with 
a bottom rotation backhand using various indicators, including 
clarity, safety, implementation, and accuracy.
Similarly to the study by Galas et al.8 correlations were 
calculated between the Para table tennis players’ scores on the 
individual test trials and the selected independent variables to 

confirm the criteria and content validity of the tests presented; 
those included the players’ age, their frequency of training, years 
of training, integrated sports classes, and place in the current 
world ranking of Para table tennis players. The presented results 
are a basis to recommend that the proposed tests are suitable 
for all groups of players with impairments; however, statistically 
significant differences were observed only between classes 1–5 
and classes with intellectual impairment. The differences were 
related to the Alternate Push Test at T2 and T3. This may be due 
to the challenges of adapting tests for specific sports to the motor 
or intellectual limitations of a person with a impairment. 
The Para table tennis player’s world ranking depends on many 
variables, hence the lack of significant correlation with the 
results of test trials assessing the selected strokes’ accuracy. This 
result was confirmed by the studies of Galas et al.8, Haryanto 
et al.9 and Van Biesen et al.17,18. The arbitrary choice of the 
study group (the Polish senior Para table tennis national team), 
characterized by homogeneity and internal consistency, means 
that the variables—age, table tennis experience, and training 
volume—cannot be directly related to the level of precision 
in the analyzed trials. The functional difficulty of the analyzed 
test samples, which refers to the difficulty level of a given task 
in relation to the performer’s proficiency in that task or the 
conditions under which skill acquisition takes place, was also 
similar in the studied group. This observation might explain the 
low correlations between test results and indicated variables.
This study’s results indicate that the presented battery tests 
for Para table tennis players have satisfactory content validity. 
This does not mean that these tests’ usefulness has been 
unambiguously proven. However, such usefulness would 
be warranted if the tests’ current relevance allows for further 
research to determine whether they are authentic and suitable for 
future use in Para table tennis.
Future research should investigate the relationship between the 
Para table player’s movement kinematics and the performance 
of individual strokes regarding sensorimotor coordination. 
The topspin forehand is a complex, multi-joint movement, 
with multiple muscles working in different phases in different 
ways within a coordinated kinematic chain. The introduction 
of such studies will allow for the parameterization of tests 
and the indication of appropriate training methods to improve 
performance and for a better understanding of the detailed 
conditions affecting the accuracy of shots in Para table 
tennis12,31-33,37-39.
The findings of this study should be considered along with their 
limitations. The sample size of each sports class was small due 
to the limited number of Para-athletes available in Poland. In 
the 2023–2024 season, only 227 players in Poland held licenses 
for table tennis. The presented line of research is worth further 
investigation in Para table tennis in other countries. International 
tournaments, offering further research opportunities, take place 
several times a year in various locations worldwide.

T3

Manual Q&A FH
(number of hits/15 balls thrown)

10.51 2.51 10.90 2.90 10.32 3.59 0.22 .895** .01

Manual Q&A BH
(number of hits/15 balls thrown)

11.02 1.26 12.32 2.18 10.35 0.96 2.36 .120* .19

Alternate Push Test
(number of hits/30 seconds)

27.26 2.56 23.64 2.72 23.52 2.65 3.98 .035* .28

Note: M – mean and SD – standard deviation; T - value of Kruskal Wallis test; ε2 - measure of the effect’s strength epsilon square; P - significance 
level; “*” one-way repeated measures ANOVA; “**” Friedman test; T1, T2, T3 - research time points; Manual Q&A FH -  manual quickness and 
ability forehand test; Q&A BH - manual quickness and ability backhand test. 
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Another significant limitation of the research is the lack of up-
to-date and reliable norms against which the obtained results in 
the analyzed test samples can be compared. The only available 
studies indicating normative values to assess the level of selected 
components of special fitness among able-bodied athletes 
do not allow for such an attempt because, in the case of the 
tests conducted by Gomes et al.24, the division was made only 
based on gender. In contrast, the study by Purashwani et al.25 
was conducted only within a group of men, among juniors. In 
both cases, there is a lack of differentiation based on important 
variables, such as the stage of sports training, age category, 
training experience, or training frequency. In individual tests, 
it is essential to differentiate the reference values based on the 
difficulty level of the tasks performed. Significant differences 
were observed in this regard, especially in the Reaction Speed 
tests, where the first attempt aims to hit only the opposite half of 
the table, a rectangle of 137 x 76.25 cm. On the other hand, the 
second attempt aims to hit 30 x 30 cm squares arranged in the 
corner of the table. In practically every trial, detailed references 
are lacking regarding the exact point of impact of the ball on 
the player’s half of the table and the technical parameters for 
programming the specialized robot to standardize the tests.
The results of the research presented in this article indicated that, 
for Para table tennis players, differentiation based on disability 
classifications is an essential element. The limited group of 
participants allows for data analysis only within integrated groups 
of grades 1–5, 6–10, and 11. However, it is also important to keep 
in mind that the classification system in table tennis is complex 
and detailed. In this regard, even within the indicated integrated 
groups, significant differences are observed concerning the type 
of disability8,40. For example, among wheelchair competitors, 
class 1 athletes may have limited control over their upper limbs, 
affecting their ability to perform serves, returns, and strokes 
to different parts of the table, especially when executing shots 
like flips or playing the ball with backspin. These limitations 
may arise from various causes, such as severe cerebral palsy, 
serious spinal cord injuries, or other conditions that affect 
muscle control and coordination. In comparison, class 5 athletes 
have significantly better body balance and stability. They can 
make quick position changes and perform various strokes from 
different parts of the table, even when the balls fly just over the 
net. Their mobility limitations may be caused by moderate forms 
of cerebral palsy or mild spinal cord injuries8,40.

Practical applications

There is an urgent need to implement the research presented 
in this article, as developing objective methods to assess the 
level of special fitness in table tennis players with impairment 
is extremely important in training practice. Knowledge in this 
area can be utilized to classify and assess the development of 
athletes with disabilities to improve individual technique, create 
development plans and pathways in a tactical context, or assist in 
monitoring the overall level of physical readiness. Furthermore, 
it enables the development of recommendations for coaches 
aimed at optimizing and monitoring the training process, as well 
as indicating potential compensatory and corrective actions in 
the process of developing essential motor coordination skills in 
table tennis, such as the ability to differentiate movements, time-
space orientation, balance maintenance, and rapid reaction. 
It is also worth mentioning that future research will aim to 
explore the mechanisms of motion control during strikes (e.g., 
biomechanical or physiological). These studies will not only 
enable the assessment of strike precision and the parameterization 

of trials but also contribute to a deeper understanding of the 
phenomenon under investigation, thereby increasing the value 
and practical application of the acquired knowledge.
The next step should be the creation of an algorithm for the 
development of normative values to assess stroke accuracy 
levels in Para table tennis for the test samples analyzed. The 
existing standards developed by Gomes et al.24 and Purashwani 
et al.25 are outdated and unreliable. Further research in this vein 
is recommended to systematize and clarify these issues.

Conclusions

In conclusion, the presented tests are the first attempt to adapt 
and validate a selection of stroke accuracy tests for use by Para 
table tennis players. The battery of the specific tests appears 
to be a simple and reliable procedure that could be easily used 
by coaches with trained Para table tennis players and should 
be taken into account when setting basic goals in the training 
plan. There is a need for standardized testing in Para table tennis 
coaching practice. There is a need for further research to develop 
an algorithm of normative values to assess the accuracy levels of 
Para table tennis strokes for the analysed tests.

Acknowledgments
 
The authors gratefully thank the Para athletes for their 
cooperation during the study.

Informed Consent Statement
 
Informed consent was obtained from all subjects involved in the 
study.

Ethical Committee approval

Bioethics Committee of the Karol Marcinkowski Medical 
University in Poznań (no. 543/18).

ORCID

Szymon Galas  https://orcid.org/0000-0002-3313-5943
Beata Pluta https://orcid.org/0000-0002-1964-7408

Topic
 
Sport Science

Conflicts of interest

The authors have no conflicts of interest to declare.

Funding

No funding was received for this investigation.

Author-s contribution

Conceptualization, methodology, software, validation, formal 
analysis, investigation, resources, data curation, writing—
original draft preparation, writing—review and editing, 
visualization, supervision, project administration: S.G., B.P.
 All authors have read and agreed to the published version of the 
manuscript.



www.akinesiologica.com 6968

Res. Dev. Disabil. 2023;133:104399.  doi: 10.1016/j.
ridd.2022.104399

15. 	 Van Biesen D, Verellen J, Meyer C, Mactavish J, Van 
de Vliet  P, Vanlandewijck Y. The ability of elite table 
tennis players with intellectual disabilities to adapt their 
service/return. Adapt Phys Activ Q. 2010;27:242-257. 
doi: 10.1123/apaq.27.3.242

16. 	 Van Biesen D, Mactavish J, Pattyn N, Vanlandewijck 
YC. Technical proficiency among table tennis players 
with and without intellectual disabilities. Hum Mov Sci. 
2021;31:1517-1528. doi: 10.1016/j.humov.2012.07.004

17. 	 Van Biesen D, Mactavish J, Vanlandewijck YC. 
Comparing technical proficiency of elite table tennis 
players with intellectual disability: Simulation testing 
versus game play. Percept Mot Skills. 2014;118:608-
621. doi: 10.1080/17461391.2013.825645

18. 	 Van Biesen D, Mactavish J, Vanlandewijck YC. 
Tactical proficiency among table tennis players with 
and without intellectual disabilities. Eur J Sport Sci. 
2014;14:403-409. doi: 10.1123/APAQ.2015-0122

19. 	 Van Biesen D, Mactavish J, Kerremans J, Vanlandewijck 
YC. Cognitive predictors of performance in well-
trained table tennis players with intellectual disability. 
Adapt Phys Activ Q. 2016;33:324–337. doi: 10.1123/
APAQ.2015-0122

20. 	 Katsikadelis M, Theophilos P, Mantzourani N. Test–
retest reliability of the table tennis specific battery test 
in competitive level young players. Eur Psychomot J. 
2014;6(1):3-11.

21. 	 Saleh SF, El-Gawad M. Designing and validating tests 
for measuring the performance level of some basic skills 
for table tennis juniors. J Appl Sport Sci. 2017;7:9-18.  
doi: 10.21608/JASS.2017.84621

22. 	 Sharma A, Prasad BK, Das R, Sharma A, Karmakar 
D, Choudhary PK. Analyzing the Impact of VMBR 
Training on Table Tennis Players’ Competence in 
Performing Alternate Counter and Forehand Drive Shots 
with Precision. Teor. metod. fiz. vihov. 2024;24(3):382-
387. doi: 10.17309/tmfv.2024.3.05

23. 	 Widodo H, Tomoliyus Alim A. Battery test innovation 
for table tennis skills: Content validity. J Hum Sport 
Exerc. 2024;19(2):451-460. doi: 10.55860/m24w9527

24. 	 Gomes F, Amaral F, Venture A, Agular J. Table Tennis 
specific test battery. Int J Table Tennis Sci. 2000;4:11-
18.

25. 	 Purashwani P, Datta AK, Purashwani M. Construction 
of norms for skill test table tennis players. Int J Table 
Tennis Sci. 2010;6;93-98.

26. 	 Cox PJ, Kirk T, Ashmore T, Willerton K, Evans R, 
Smith A, Murray AJ, Stubbs B, West J, McLure SW, 
King MT, Dodd MS., Holloway C, Neubauer S, 
Drawer S, Veech RL, Griffin JL, Clarke K. Nutritional 
Ketosis Alters Fuel Preference and Thereby Endurance 
Performance in Athletes. Cell Metab. 2016;24(2):256-
268.

27. 	 Aiken LR. Three coefficients for analyzing the 
reliability and validity of ratings. Educ Psychol Meas. 
1985;45(1). doi: 10.1177/0013164485451012

28. 	 Fuchs M, Faber I, Lames M. Game characteristic in elite 
Para table tennis. Ger J Exerc Sport Res. 2019;49:251-
258. doi: 10.1007/s12662-019-00575-4

29. 	 Guarnieri A, Presta V, Gobbi G, Ramazzina I, Condello 
G, Lanzoni I. Notational analysis of wheelchair 
paralympic table tennis matches. Int J Environ 

References 

1. 	 Le Mansec Y, Dorel S, Nordez A, Jubeau M. Sensitivity 
and Reliability of a Specific Test of Stroke Performance 
in Table Tennis. Int J Sports Physiol Perform. 
2016;7:678-84. doi: 10.1123/ijspp.2015-0444

2. 	 Faber I, Nijhuis-van der Sanden M, Elferink-Gemser M, 
Oosterveld F. The Dutch motor skills assessment as tool 
for talent development in table tennis: A reproducibility 
and validity study. J Sports Sci. 2015;33:1149-1158. 
doi: 10.1080/02640414.2014.986503

3. 	 Rodrigues S, Vickers J, Williams A. Head, eye and 
arm coordination in table  tennis. J Sports Sci. 2002; 
20:187-200. doi: 10.1080/026404102317284754

4. 	 Behdari R, Ahadi M, Husseini M, Goktepe M. 
Comparison and Description  of Fitness Level 
Physiological and Anthropometric Profiles of Selected 
Versus Non Selected Iranian National Team Table 
Tennis Players. Int J Sci Cult Sport. 2015;4:371-382. 
doi: 10.14486/IJSCS398

5. 	 Mota-Ribeiro W, de Almeida M. Performance 
analysis in wheelchair Para badminton matches. Int 
J  Racket Sports Sci. 2020;2(1):22-31. doi:10.30827/
Digibug.63718

6. 	 Yam J, Jing-Wen P, Pui-Wah K. Measuring upper limb 
kinematics of forehand and backhand topspin drives 
with IMU sensors in wheelchair and able-bodied table 
tennis player. Sens. 2021;21(24):1-12. doi: 10.3390/
s21248303

7. 	 Sheng K, Yao Chuen L, Tai Fen S, Yao Ching C, Kuan 
Chen W. Analysis of the table tennis specific test in 
classification for players with an intellectual disability. 
Glob J Intellect Dev Disabil. 2021;9(3):1-7. doi: 
10.19080/GJIDD.2021.09.555764

8. 	 Galas S, Andrzejewski M, Pluta B. Reliability of 
accuracy and precision tests for elite para table tennis 
players. Adapt Phys Activ Q. 2023;41:268-286. doi: 
10.1123/apaq.2023-0053

9. 	 Haryanto J, Edmizal E, Meyfitri F, Beccera-Patino B, 
Hajji J, Drenowatz C. Validity and reliability of topspin 
accuracy tests in table tenis. J. Phys. Educ. Sport. 
2023;23(12):3371-3377. doi: 10.7752/jpes.2023.12386

10. 	 Yudiana Y, Hidayat SY, Hambali B. Student Performance 
Analysis in Volleyball Learning: The Use of a Modified 
Volleyball Information System Application. Int J Hum 
Mov Sports Sci. 2022;10(5):913-921. doi: 10.13189/
saj.2022.100507

11. 	 Raiola G, D'Elia F, Altavilla G. Physical activity and 
sports sciences between European research council 
and academic disciplines in Italy. J Hum Sport Exerc. 
2018;13(2):283-295. doi:10.14198/jhse.2018.13.
Proc2.13

12. 	 Wu SK, Li YC, Chang YC, Wu KC. Analysis of the 
table tennis specific test in classification for players 
with an intellectual disability. Glob J Intellect 
Dev Disabil. 2021;9(3):555764. doi: 10.19080/
GJIDD.2021.09.555764

13. 	 Kong PW, Ma CMS. Assessing Table Tennis Technical 
Proficiency in Individuals with Disabilities: A Scoping 
Review. Appl Sci. 2024;14:4815. doi: 10.3390/
app1411481

14. 	 Smits-Engelsman BC, Bonney E, Jelsma D. Task-
specificity and transfer of skills in school-aged children 
with and without developmental coordination disorder. 



www.akinesiologica.com 6968

Res Public Health. 2023;20:1-12. doi: 10.3390/
ijerph20053779

30. 	 Sharma A, Prasad BH. Analysis of Relationship 
Between Selected Psychological Dimensions with Skill 
Performing Competencies of Table Tennis Players. 
Poonam Shodh Rachna. 2022;1(7):1-5. doi: 10.56642/
psr.v01i07.001

31. 	 Pluta B, Galas S, Krzykała M, Andrzejewski M. The 
motor and leisure time conditioning of young table 
tennis players’ physical fitness. Int J Environ Res Public 
Health. 2020;17:1-14. doi:10.3390/ijerph17165733

32. 	 Pluta B, Galas S, Krzykała M, Andrzejewski M. 
Podciechowska K. Somatic characteristics and special 
motor fitness of young top-level Polish table tennis 
players. Int J Environ Res Public Health. 2021;18:1-
12. doi: 10.3390/ijerph18105279

33. 	 Bańkosz Z, Winiarski S. Kinematic parameters of 
topspin forehand in table tennis and their inter- and 
intra-individual variability. J Sport Sci Med. 2020; 19: 
138-148.

34. 	 Saleh SF. Designing and calibrating specific tests for 
counter-attack skills in junior table tennis players using 
modified electronic ball canon (table tennis robot). Int J 
Inf Theories Appl. 2011;1(2):108-125.

35. 	 Pek J,  Flora DB. Reporting effect size in original 
psychological research: A discussion and tutorial. 
Psychol. Methods. 2018;23(2):208-225. doi:10.1037/
met0000126

36. 	 Heale R, Twycross A. Validity and reliability in 
quantitative studies. Evid Based Nurs. 2025;18(3):66-
67. doi: 10.1136/eb-2015-102129

37. 	 Coelho-e-Silva MJ, Konarski J, Krzykała M, Galas S, 
Pluta B, Żurek P, Faria J, Tavares OM, Oliveira TG, 
Rodrigues I. Growth and maturity status of young male 
table tennis players. Res. Sports Med. 2021;30(1):61-
79. doi: 10.1080/15438627.2021.1888099

38. 	 Kondrič M, Furjan-Mandić G, Kondrič L, Gabaglio A. 
Physiological demands and testing in table tennis. Int J 
Table Tennis Sci. 2010;6:165-170.

39. 	 Peng J, Kim BM. Psychological Training Method for 
Table Tennis Players Using Deep Learning. Appl Sci. 
2023;13:8290. doi: 10.3390/ app13148290

40. 	 Zemková E, Muyor JM, Jelen M. Association of trunk 
rotational velocity with spine mobility and curvatures 
in para table tennis players. Int J Sports Med. 
2018;39:1055-1062. doi: 10.1055/a-0752-4224

Corresponding information:
Received: 11.02.2025.
Accepted: 24.03.2025.
Correspondence to: Prof. Beata Pluta
University: Chair of Tourism and Recreation, Poznan 
University of Physical Education, Królowej Jadwigi 
27/39, 61-871 Poznań, Poland
E-mail: bpluta@awf.poznan.pl 


