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The purpose of this study was to analyze test characteristics of computerized adaptive test (CAT) of
soccer tactical skill with movie image questions for constructing criterion-referenced measurement
test of soccer specific tactical skill based upon item response theory (IRT) and CAT techniques.
Samples for statistical analysis were 141 male college soccer players, age (20.2+0.99 yr), athletic
career (11.9+£2.16 yr) whose positions were divided into goal keeper (GK), central defenders (CDF),
side defenders (SD), defensive midfielders (DMF), attacking and side midfielders (AMF), forward
and attackers (FW). The attacking tactical skill score was high in attacking positions of AMF and
FW, and the defensive tactical skill score was high in defensive positions of CDF, SDF and DMF.
The criterion-related validity of CAT of soccer tactical skill to criterion-referenced measurement
test consisted of 82 items, and the test-retest reliability of CAT of soccer tactical skill were high and
significant statistically. It is concluded that CAT of soccer tactical skill have testability, reliability
and validity.
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1. Introduction

While tactical skills in soccer are employed in
play and reflected in game performance, there are as
yet no standardized tests for the easy measurement
of these skills; and because coaches and managers
must evaluate tactical plays in games, it is essential
to consider criterion-referenced measurement test
from a multivariable perspective to develop the most
efficacious methods of measurement possible.

Performance test has been employed as a
measurement item in studies on specific motor skills;
however, this yields low validity for performance in
soccer games, which reduces its effectiveness as a test
tool. Since 1980, sports skills have been evaluated
by game performance rather than test one (Hughes,
2003), while game performance is evaluated for
statistics and analysis. The enumeration data index
is used to evaluate team performance in games and
compare performance among teams in competition;
however, this limits us to descriptive evaluations,
which is inadequate for the measurement of soccer
skills (Suzuki et al., 20006).

The Technical Report (Japan Football Association
Technical Committee, 2000) included a similar
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method for the qualitative measurement of group
skills through visual inspection (Stiehler, 1993).
Although this method enables the evaluation of
performance from a multidimensional perspective,
it is impossible to eliminate subjectivity and
arbitrariness in the analysists because methods for
the evaluation of tactical game performance of
individuals, small groups, and teams in both offense
and defense sides have not yet been developed.

Memmert et al. (2016) summarized reviews of
tactical skills in soccer and noted the lack of previous
studies that measure tactical skills. There are no
previous studies that apply criterion-referenced
measurement test to directly measure personal tactical
skills in soccer.

The use of CAT based on the item response
theory (IRT) may make it possible to easily conduct
continuous measurement of personal tactical skills.
CAT allows us to continuously and easily measure
the growth of many players within a short period
of time. In addition, CAT allows confirmation of
compatibility between the tactical training planned
by coaches and the growth of tactical skills of
individual players. With the application of IRT, which
is criterion-referenced measurement test, reference
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values for individual items can be analyzed as item

characteristic values associated with invariance. This

does not require the setup of criteria for achievement
in each tactical play, and addresses the difference in
base scores.

Meanwhile, computerized technical and tactical
skill tests have as yet not been developed in previous
soccer researches. The Soccer Instruction Guidebook
published by the Japan Football Association Teaching
Committee (2000) clearly differentiates personal
techniques from tactics, and introduces soccer skills
tests to examine the level of personal techniques.
While performance tests are effective in measuring
technical skills, they are less effective in measuring
tactical skills associated with the assessment of
game situations. Therefore, tactical skills employed
in soccer have been objectively evaluated by visual
observation of player movement during games
(Hughes et al., 1997; Stiehler et al., 1993).

Tactics in soccer are performed by individuals,
groups, and teams; therefore, written questions may
cause misunderstanding of tactical plays. To avoid
such misunderstanding, it is helpful to show video
questions, which can be provided by CAT.

Conditions for a highly useful criterion-referenced
measurement test to evaluate the level of achievement
for tactical skills in soccer are listed below:

(1) Use of an item pool that analyzes item
characteristics based on the item response theory
(IRT)

(2) Use of a computerized adaptive test (CAT)
method; and

(3) Use of video images for questions regarding each
item.

It was needed to construct the criterion-referenced
measurement test that can easily measure play
performance within a short period of time and with a
high degree of accuracy.

The purpose of this study was to analyze test
characteristics of computerized adaptive test (CAT) of
soccer tactical skill with movie image questions for
constructing criterion-referenced measurement test of
soccer specific tactical skill based upon item response
theory (IRT) and CAT techniques. We also analyzed
the testability, reliability and validity of CAT.
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2. Method
2.1 Procedures

We analyzed the validity of CAT for criterion-
referenced measurement test for tactical skills in
soccer by:

(1) Creating CAT utilizing questions with video
images;

(2) Giving CAT to estimate the ability value (tactical
skill scores);

(3) Analyzing the test-retest reliability of CAT;

(4) Analyzing the criterion-related validity of CAT
based on the scores of the test used for criterion-
referenced measurement test for tactical skills
in soccer (estimated ability values) utilizing all
items; and

(5) Analyzing the discriminant validity of CAT for
characteristics of tactical skills by position.

2.2 Development of a Computerized Adaptive
Test (CAT)

Following the methods described by Watanabe
et al. (1999), Nakano (2004), and Aoyagi (2005),
we created a computerized adaptive test (CAT), we
employed data obtained from a criterion-reference test
for tactical skills in soccer to develop CAT utilizing
video images for questions (Figure 1). The data used
are listed below:

(1) Question items and answer options;

(2) Video images for items, an image used to start the
test, and an image used to finish the test;

(3) Item difficulty, item discrimination, item
characteristic curve (ICC), item information
function (IIF); and

(4) Initial items, criteria for termination of the test.

We employed the variable item and multi-stage
test system and maximum information system for the
algorithm of CAT. The variable item and multi-stage
test system was used to extract optical items from the
item pool whose item difficulty and discrimination
parameters are estimated, and then they were showed
to respondents. We used the maximum information
system to calculate estimated scale values (ability
estimates: 0) based on true-false responses to each
item at given time points, selected items to show
maximum item information based on the estimated
scale value among the items in the item pool that
have not yet been given, and then showed them to
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respondents. We repeated the procedure from the

initial to the final item.

We set three initial items for each tactical skill
domain to ensure an even difference between
each item from lower to higher item difficulty.
According to the results of the pre-test, we deemed
the termination of the test to be when the amount of
information for the rest of the items that have not yet
been answered becomes lower than 0.3, which is the
termination of the estimate ability value.

CAT was conducted as described below.

(1) Respondents responded to the initial items.

(2) Estimated scale value (6) was calculated by each
respondent’s true-false response pattern for initial
items. Item information function (IIF) of the rest
of the items at the estimated scale value (0) is
calculated.

(3) Then, the items with the largest IIF was presented
to respondents.

(4) The true-false response patterns for the items
given in (3) were added to the patterns obtained
from the initial items to calculate the estimated
scale value (0) again. Information amount of the
items that had already been given was calculated.
Then, we decided the item to be presented next.

(5) In the case of reaching the criteria for the
termination of the test, we moved to (6). In the
case of not reaching the criteria for the termination
of the test, we returned to procedure (3).

(6) Necessary information was recorded and retained
before finishing the test.

(7) During the test, all the information including the
number of items given, IIF, answers, true and false
responses, estimated scale value after presenting
each item, and test information amount by the end
of each item were recorded and retained.

(8) At termination of the test, number of given items,
final estimated scale value, and test information
amount for given items were recorded and
retained.

2.3 Structure of the Item Pool

We followed the tactical skill classification in the
coaching guidelines provided by JFA (2002). We
also referred to FIFA Coaching (FIFA, 2004) for
terminology and concept. Cause-and-effect analysis
using the Delphi method was applied to four soccer
specialists to construct a hierarchical scheme of
domains, tactics, and items of tactical skills in soccer.
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Figure 1 Algorithm of soccer tactical skill-CAT

The four soccer specialists were a JFA certified Class
S coach who had experience managing the Japan
National Team, a soccer player of the Japan National
Team with a JFA certified Class C coaching license,
a technical assistant coach of Japan National Team,
and a soccer researcher with experience coaching the
Universidad Japan National Team.

According to the coaching guidelines provided by
JFA (2002), tactical skills in soccer are classified into
offense and defense, each of which is classified into
personal, group, and team tactics. The tactical skill
test for soccer is employed to measure personal skills;
therefore, the test focuses on four domains: personal
offense, group offense, personal defense, and group
defense excluding team tactical skills.

Personal offensive tactical skills in the on-the-
ball phase were the first touch, screen & turn, post
play, passing, crossing, dribbling, shooting, body
shape, and looking. Personal offensive tactical skills
in the off-the-ball phase were communication and
receiving. Group offensive tactical skills were two-
person tactics, three-person tactics, area tactics, and
restarting. Personal defensive tactical skills in the on-
the-ball phase were pressing, delaying, and stealing.
Personal defensive tactical skills in the off-the-ball
phase were stealing, positioning and pressing. Group
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defensive tactical skills were marking, two-person
tactics, and area tactics.

More than one measurement item was selected for
each tactical skill. Personal offensive tactical skills
comprised 34 items. Group offensive tactical skills
were comprised 22 items. Personal defensive tactical
skills were comprised 11 items. Group defensive
tactical skills comprised 15 items.

We confirmed the local independence of each item
to edit the questions with video images. Video images
were plays in the offensive or defensive phases.
Tactical plays were highlighted for identification
utilizing arrows and circles. We also used slow-
motion and stop-motion replay. Each video image
was edited to approximately 30 seconds and the
total time for all video images was approximately 41
minutes (2,460 seconds).

To analyze item characteristic values used for
CAT, tactical skill tests utilizing video images for
all items in the item pool were conducted twice with
a 10-minute interval in between utilizing a group
survey method. Video images were shown on a large
screen. Responses are shown in Figure 1.

Following the procedures described by Otomo
(1996) and Toyoda (2002), we conducted item
response theory (IRT) analysis with the 2-parameter
logistic model (2PLM). We confirmed the uni-
dimensionality, goodness-of-fit to 2PLM, estimated
item difficulty, item discrimination, and invariance
of ability values, and calculated the ICC, IIF, item
standard errors, test characteristic curve (TCC), test
information function, test standard errors, and test
reliability coefficients (Table 2 and 3). Item difficulty
and discrimination of all 82 items satisfied the
criteria.

2.4 Samples

We used data from 141 male college soccer
players. Table 1 shows the number of samples by
position in accordance with the classification of FIFA
(2004). We explained to all subjects that positions
used in this study were Goalkeeper (#1), Left and
right-side defenders (#2+#3), Central defenders
(#4+#5), Defensive midfielder (#6), Left and right-
side and attacking midfielders (#7+#8), Forward and
attackers (#9+#11), Strategist (or Trequartista) (#10)
in accordance with the 4-1-3-2 formation system and
in reference to the classification of positions specified
by the FIFA Coaching (2004).

Football Science Vol.15, 38-51, 2018
http://www.jssf.net/home.html

CAT of Soccer Tactical Skill

Subject age was 20.2+0.99 years, athletic career
was 11.942.16 years, height was 174.146.26 cm, and
weight was 66.94+5.77 kg. We explained the purpose
and content of this study in detail to all subjects and
obtained individual consent for participate. This study
was approved by the Research Ethical Committee,
Graduate School of Human Comprehensive Science,
University of Tsukuba (Project No. 22-364).

2.5 Measurement method

The computerized adaptive test for tactical skills
in soccer (TSS-CAT) utilizing questions with video
images was given to subjects twice with a 10-minute
interval in between. Subjects input their position
and other attributes in the initial window. Video
images were replayed in the question window until
respondents selected an answer. An option button was
placed in the lower section of the window. There were
seven options; namely, a five-point scale for criterion-
referenced measurement test for tactical plays and
two-point scale for tactical skill recognition. After
subjects selected one answer, the window changed
to the next question. Subjects chose one from the
five-point scale options for the criterion-referenced
measurement test for tactical plays in recent soccer
games. We measured the achievement of tactical
plays that the subjects evaluated from the five-point
scale options selected. In the preliminary survey, we
confirmed that responses differed by subject, the level
of performance influenced self-evaluation, and that
the standard achievement response was indicated to
address these. Based on these findings it was deemed
necessary to set quantitative rates for each response to
prevent subjective influence on evaluation (Dunning-
Kruger effect). For this purpose, oral instructions were
provided before the survey. Ability to evaluate the
tactical plays in the items was based on data from the
preliminary survey. “Completely capable” was set as
90%, “Highly capable” was set as 70%, “moderately
capable” was set as 50%, “Slightly capable” was set
as 30%, and “Incapable” was set as 0%. Items for
which the subject could not evaluate were recorded
as “Unknown.” To prevent guesswork, subjects were
provided a 2-point scale for tactical skill recognition.

2.6 Statistical analysis

To analyze the convenience of CAT, we calculated
the mean value, standard deviation, median value,
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Table 1 Item characteristics of soccer tactical skill test (attacking)

domain skill #) item right F1 difficult SE discrimi SE Max Goodne
rate % loading y difficult nation discrimi informa ss of fit

y nation tion P>=.05

personal the first touch  Ol)the first touch carryingaball 84 073 143 023 094 017 064 NS
attacking | 02)the first touch _fending defense 70 069 068 016 101 020 072 NS
03) the first touch shoot 67 0.55 -0.78 0.22 0.67 0.14 0.32 NS

screendturn  Od)screenplay 49 059 006 014 080 014 046 NS
,,,,, 05)turnwithfree 84 046 202 041 056 012 022 NS

06) front turn with defender 33 0.53 0.67 0.17 0.84 0.16 0.50 NS

post play 07) post—play 45 0.35 0.28 0.24 0.45 0.09 0.14 NS
pass | 08)drectplaypass 67 046 -090 023 055 010 022 NS
pass switching the attacking 70 066 -074 017 087 017 053 NS

O

,,,,, 10)timingpass 62 070 -037 013 105 019 079 NS

,,,,, 11 directingpass . 66 067 -056 013 094 016 064 NS

,,,,, 12)gradingpass 61 061 -040 014 084 015 050 NS

13) dummy pass 45 0.56 0.24 0.15 0.74 0.16 0.38 NS

cross ball 14) corrective cross 46 0.52 0.19 0.17 0.65 0.14 0.30 NS
dribble 15) dribble switching direction 49 047 006 018 062 014 028 NS
,,,,, 16) dribble changingspeed 65 044 077 024 053 011 020 NS

,,,,, 17)dribble_with defender 63 071 -043 014 103 022 076 NS

,,,,, 18) dribble penetrating defense line 38 041 062 022 058 013 024 NS

19) dribble penetrating mark—defender 45 0.61 0.19 0.14 0.84 0.18 0.50 NS

shoot | 20)direct shoot 60 071 031 012 110 023 085 NS
,,,,, 20)first controlshoot 77 061 ~125 025 074 014 038 NS

,,,,, 22)dribble shoot 65 068 -053 015 097 020 068 NS

23) shoot from cross 55 0.58 -0.17 0.15 0.75 0.14 0.40 NS

body—shape 24) body shape 82 076 -1.28 0.20 1.03 0.21 0.74 NS
looking 25) look—up 74 0.63 -0.97 0.20 0.82 0.16 0.49 NS
communication 26) communication with ball holder 87 0.68 -1.72 0.25 0.86 0.18 0.52 NS
reception 27)checkingrun 66 059 069 021 070 014 035 NS
movement 28pullaway 82 069 -139 027 088 017 05 NS
,,,,, 29)waving 77 074 -101 020 103 020 077 NS

,,,,, 30)diagonalruns 72 071 079 017 102 022 073 NS

,,,,, 3Nsupport %0 064 -219 036 076 016 041 NS

,,,,, 32)pull away from the marker 60 073 -028 013 115 025 092 NS

33) run without the visual field of the 69 080 -054 011 145 032 151 NS

............ mark defender

34) run to the behind defense line 73 0.66 —0.91 0.21 0.86 0.17 0.53 NS

group two persons . 35)dummy action 66 073 049 012 121 025 106 NS
attacking tactics . 36) through-pass(Killer pass) 60 067 035 014 092 016 060 NS
,,,,, 37)double pass .81 093 -095 013 172 040 213 NS

,,,,, 38)oross-over | ....14..074 -082 015 111 022 086 NS

39) overlap 75 0.79 -0.87 0.17 1.14 0.20 0.92 NS

three persons _ 40) Third man Running 76081 083 017 133 027 123 NS
tactics 41) over 53 0.63 -0.07 0.13 0.88 0.18 0.56 NS
areatactios 42)side change 55 043 025 019 057 012 023 NS
,,,,, 43)sideattack 75 076 -087 016 114 024 092 NS

,,,,, 44)earlycross .64 066 -049 015 093 019 062 NS

,,,,, 45)pullback 55 064 -015 014 088 018 086 NS

,,,,, 46)counter—attack 76 062 112 021 078 017 044 NS

,,,,, 47)directplay 70 066 -077 015 088 015 055 NS

48) possession play 60 066 -0.30 0.12 1.05 0.22 0.77 NS

areatactios A9 restart quickly 89 036 294 069 046 OI11 015 NS
,,,,, SO)shortcorner .78 069 -118 024 084 015 050 NS

51) corner kick 62 0.64 -047 0.17 0.81 0.17 0.47 NS

restart 52)direct freekick 32035 107 030 047 010 016 NS
,,,,, 53)penalty kick 84 072 -155 027 087 016 055 NS

,,,,, 54)attack on vital-area 55 067 -015 012 104 020 077 NS

,,,,, 56)attack of fantasist 11 038 235 053 061 016 026 NS

56) switching defense to attack 90 063 -2.14 0.38 0.79 0.18 0.44 NS
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Table 2 Item characteristics of soccer tactical skill test (defense)

CAT of Soccer Tactical Skill

domain skill #) item right F1 difficult SE discrimi SE Max Goodne
rate % loading y difficult nation discrimi informa ss of fit

y nation tion P>=.05

personal press 67) approach 84 0.68 -1.57 0.26 0.85 0.17 0.52 NS

defense ST)pressing 87..086 -137 024 137 035 133 NS
58) keep attacker from turn 79 071 -1.17 0.22 0.95 0.20 0.65 NS

delay 59)delay 85 074 151 024 096 022 067 NS

60) one side cut 90 072 -1.94 0.31 0.94 0.21 0.63 NS

get the ball 61) get ready to get the ball 74 065 -0.93 0.19 0.89 0.17 0.57 NS

64) intercept 73 0.71 -0.85 0.19 0.96 0.22 0.66 NS

looking 65) g;t:h the mark and ball at the same o4 530 947 052 043 011 014 NS

positioning 66) keep attacker from behind defense 59 055 -0.39 0.17 0.65 0.12 0.30 NS

group marking 68)mantoman 67 ..062 -073 021 073 015 038 NS
defense 69) zone marking 67 060 -0.68 0.19 0.77 0.16 042 NS

71) defense to cross ball

two persons 72) challenge & cover

tactics

73) collective defense

area tactics 74) block defense

82) switching attack to defense

N
Mean
SD
Med
Max
Min

668 062 -0.70 0.21 086 018 0.57
150 014 077 010 025 005 033
68.1 066 -075 018 086 017 0.53
90.1 093 235 0.69 172 040 213
113 018 -294 0.1 033 0.08 0.08

Table 3 Sample size

position

3+
=2

goalkeeper

central defenders

right & left side—defenders
defensive midfielder

left & right side and attacking midfielders

forward & attackers

the strategist or trequartista (#10)

12
23
21
15
38
31

— 00 w o

— O NN A=
g

o
—_

total

141

maximum value, and minimum value of the number
of response items as a whole and by tactical skill
domain. To analyze the reliability of CAT, we
used Pearson’s correlation coefficient and intra-
class correlation coefficient as test-retest reliability
coefficients. We used a one-way qualitative response
model for the intra-class correlation coefficient.
We calculated criterion-related validity coefficients
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between the ability values estimated from all items in
the item pool and the ability values using the total test
scores as the criterion of validity as a whole and by
tactical skill domain to analyze the criterion-related
validity for CAT. We employed one-way ANOVA
and Tukey’s multiple comparison test as post hoc
test to analyze the discriminant validity for CAT and
compared ability value means by position. Statistical
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significance level was set at p<0.05. IBMSPSS,
Ver.23.0 was used for data analysis.

We applied the IRT analysis with 2PLM for CAT.
BILOG-MG Ver.3.0 was used as the application
software. We also used maximum likelihood
estimation method to estimate parameters.

The item information function is described in the
following formula:

1i(8) = D’a’PiQ;

Where “I” is item information amount, “D” is scale
component (1.7), “P” is percentage correct, and “Q”
is percentage incorrect (1-P) and “0” is ability value.

TFI is the sum of item information functions (IIF)
and described in the following formula:

T(0)= X1,(0)

Where “T” is test information amount, “I”’ is item
information amount, “j” is item, and “6” is ability
value.

Reliability coefficient for criterion-referenced
measurement test is described in the following
formula:

p(0) = 1/(1+1/T(0))

Where “p” is reliability coefficient, “T” is test
information amount, and “0” is ability value.

In the computerized adaptive test, scores are
obtained for each tactical skill. Therefore, we
analyzed reliability coefficients for the criterion-
referenced test for each tactical skill.

3. Results
3.1 Number of response items

Table 4 shows the mean, standard deviation,
median, maximum, and minimum of the number of
response items by domain of tactical skills. Mean
and standard deviation of the number of response
items in all domains of tactical skills were 47.7+11.8,

median was 49, maximum was 68, and minimum
was 27, which was the number set in advance. Mean
and standard deviation of the number of response
items in offensive skills were 32.7+10.7, median
was 34, maximum was 47, and minimum was 15,
which was the number set in advance. Mean and
standard deviation of the number of response items
in defensive skills were 15.03.2, median was 13,
maximum was 21, and minimum was 12, which
was the number set in advance. The results of other
domains are shown in the table.

3.2 Reliability coefficient

Table 5 shows test-retest reliability coefficients
of CAT by domain of tactical skills. Reliability
coefficients (Pearson’s correlation coefficient and
intra-class correlation coefficient) of estimated ability
values in all domains in the tactical test were 0.91 and
0.89, respectively. Reliability coefficients in offensive
skills were 0.90 and 0.88, and those in defensive
skills were 0.89 and 0.89. Reliability coefficients in
personal offensive skills were 0.86 and 0.85, those
in group offensive skills were 0.84 and 0.84, those
in personal defensive skills were 0.87 and 0.87, and
those in group defensive skills were 0.84 and 0.84.

3.3 Criterion-related validity coefficient

The criterion-related validity coefficient of CAT
utilizing test scores as the criterion of validity was
0.97 (p<0.05).

Table 6 shows criterion-related validity coefficients
of CAT utilizing scores of test consisting of 82 items
as the criterion of validity. Criterion-related validity
coefficient of all tactical skills was 0.96, that of the
offensive skills was 0.96, that of the defensive skills
was 0.87, that of the personal offensive skills was
0.96, that of the group offensive skills was 0.96, that

Table 4 Number of items response of soccer tactical skill-CAT.

domain N Mean SD Med Max Min
total 82 47.7 11.8 49 68 27
attacking 56 32.7 10.7 34 47 15
defense 26 15.0 3.2 13 21 12
personal attacking 34 17.3 6.7 18 27 7
group attacking 22 13.3 48 15 19 7
personal defense 11 7.0 1.4 6 10 6
group defense 15 7.9 2.2 6 11 6

Number of samples: 141
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Table 5 Reliability of soccer tactical skill-CAT

domain Pearson intra—class

correlation  correlation
total 0.91 0.89
attacking 0.90 0.88
defense 0.89 0.89
personal attacking 0.86 0.85
group attacking 0.84 0.84
personal defense 0.87 0.87
group defense 0.84 0.84
N=141

Table 6 Criterion-related validity of CAT to total test score.

. Pearson
domain .
correlation
total 0.96
attacking 0.96
defense 0.97
personal attacking 0.96
group attacking 0.96
personal defense 0.97
group defense 0.96
N=141

of the personal defensive skills was 0.97, and that of
the group defensive skills was 0.96.

3.4 Comparison of tactical skill scores by
player position

Table 7 shows one-way ANOVA results for CAT
scores by position. Mean values of six positions, goal
keeper (GK), center defender (CDF), side defender
(SDF), defensive midfielder (DMF), attacking &
side midfielder (AMF), and forward (FW) showed
significant differences for all items and domains
(p<0.05).

Figure 2 shows multiple comparison test results
of CAT scores among positions. The target positions
were 6 positions of GK, CDF, SDF, DMF, AMF, and
FW. As there was a subject for #10 (trequartista), the
measurement score was shown instead of the mean
value.

Mean values of tactical skills estimated from all
items showed a significant difference between GK
and other positions (p<0.05). Mean values of tactical
skill scores, offensive tactical skill scores, and group
offensive tactical skill scored estimated by CAT also
showed a significant difference between GK and other
positions (p<0.05). Mean values of personal offensive
tactical skill scores showed a significant difference
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between GK and other positions, and between AMF
and CDF/ SDF (p<0.05). Mean values of defensive
tactical skill scores, personal and group defensive
tactical skill scores showed a significant difference
between GK and other positions, between FW and
CDF, SDF, and DMF (p<0.05).

4. Discussion
4.1 Convenience of computer adaptive tests

We analyzed the number of response items to
examine the convenience of CAT. Mean value and
standard deviation of the number of response items
in all domains of tactical skills were 47.7+11.8, and
the median value was 49. These results showed that
58% of the response items among 82 tactical skill
items was sufficient for measurement in CAT. The
maximum number of response items was 68 (83%)
and the minimum number was 27 (33%), both of
which were sufficient for measurement in CAT.

Mean value and standard deviation of the response
items in offensive tactical skills were 32.7+10.7,
median value was 34, maximum value was 47, and
minimum value was 15, which was the number set in
advance.

Tactical plays and skills are often evaluated
visually by coaches and managers. The results of
this study confirmed that CAT utilizing questions
with video images of tactical plays is a convenient
means of evaluating the level of achievement of
tactical skills. It can be used by players, coaches and
managers to examine the development of individual
tactical skills by training phase.

4.2 Characteristics of a computerized adaptive
test

Test-retest reliability coefficient of tactical skill
scores estimated by CAT was 0.91. Reliability
coefficient of the offensive skills was 0.90 and that of
the defensive skills was 0.89. Reliability coefficient
of the personal offensive skills was 0.86, that of the
group offensive skills was 0.84, that of the personal
defensive skills was 0.87, and that of the group
defensive skills was 0.84.

Reliability coefficient (intra-class correlation
coefficient) of CAT developed by Kramer (2016) to
evaluate the level of autism in children was 0.92 for
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Table 7 One-way ANOVA of CAT score by positions

Skill domain Group Sum SQ df Mean SQ F P
all items between 39.39 5 7.88 10.59 0.00
within 100.40 135 0.74
total 139.78 140
tactical skill between 39.46 5 7.89 11.97 0.00
within 89.00 135 0.66
total 128.46 140
attacking between 42.85 5 8.57 11.99 0.00
tactical skill within 96.48 135 0.71
total 139.33 140
defensive between 51.82 5 10.36 13.79 0.00
tactical skill within 101.48 135 0.75
total 153.30 140
personal between 38.75 5 1.75 12.53 0.00
attacking within 83.51 135 0.62
tactical skill total 122.25 140
group between 30.98 5 6.20 11.29 0.00
attacking within 74.08 135 0.55
tactical skill total 105.06 140
personal between 28.77 5 5.75 10.54 0.00
defensive within 73.68 135 0.55
tactical skill total 102.44 140
group between 42.48 5 8.50 12.49 0.00
defensive within 91.86 135 0.68
tactical skill total 134.34 140

daily activities, 0.86 for social/cognitive value, and
0.90 for responsibility. In addition, CAT developed
by Dumas (2012) to evaluate the level of disabilities
and CAT (a role functioning computerized adaptive
test “RF-CAT”) developed by Anatchkova (2013)
revealed high reliability as well. These results suggest
that the criterion-referenced measurement test for
tactical skills in soccer utilizing CAT is highly
reliable.

CAT is characterized by different questions for
individual respondents because it selects items that
match the level of the ability of each respondent.
Therefore, it is important to confirm criterion-related
validity utilizing tactical skill scores estimated from
all items in the item pool and test scores as the
criterion of validity.

The criterion-related validity coefficient of CAT
for tactical skills utilizing the tactical skill scores
estimated from all items as criterion of validity was
0.97. Criterion-related validity coefficient utilizing
test scores as criterion of validity was 0.96, and
criterion-related validity coefficients by tactical skill
domain were nearly the same.

These results suggest that criterion-referenced
measurement test for tactical skills in soccer utilizing
CAT has high validity with tactical skill scores
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estimated from all items and test scores.

Criterion-referenced measurement test for tactical
skills in soccer utilizing CAT can measure play
performance with a high degree of accuracy in a
short period of time although content and number of
response items differ by respondent because items
are provided in accordance with the level of ability of
each respondent.

We evaluated the effects of positions on tactical
skill scores and the difference of mean values among
positions to analyze the discriminant validity of
CAT. GD, CDEF, SDF, DMF, AMF, and FW revealed
significant effects on tactical skill scores measured by
CAT in all items and tactical skill domains (p<0.05).

In regard to the mean values of tactical skill scores
of all items, significant difference was observed
between GK and other positions (p<0.05). Mean
values of tactical skill scores estimated by CAT,
offensive tactical skill scores, and group offensive
tactical skill scores also revealed a significant
difference between GK and other positions (p<0.05).
These results discriminate between highly specialized
GK and other field players. In addition, these results
also showed that offensive and defensive tactical skill
tests are not capable of evaluating the tactical skill of
GK.

Football Science Vol.15, 38-51, 2018
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2 r All items score 2 r Sccer tactical skill score

GK CDF SDF DMF AMF FW  #10 GK CDF SDF DMF AMF FW  #10

Soccer attacking tactical skill score Soccer defensive tactical skill score

GK CDF SDF DMF AMF FW  #10 GK CDF SDF DMF AMF FW  #10

Soccer personal attacking tactical skill
score

Soccer personal defensive tactical skill
scoore

GK CDF SDF DMF AMF FW  #10 GK CDF SDF DMF AMF FW  #10

Soccer group attacking tactical skill [ Soccer group defensive tactical skill score

score

GK CDF SDF DMF AMF FW  #10 GK CDF SDF DMF AMF FW  #10

Figure 2 Comparison on CAT score among positions (*:P<0.05)
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Mean values of personal offensive tactical skills
showed a significant difference between GK and
other positions, between AMF, which is an offensive
position, and CDF and SDF, which are defensive
positions (p<0.05). These results showed that personal
offensive tactical skill test items discriminate between
tactical skills of offensive positions and defensive
positions.

Mean values of defensive tactical skill scores,
personal and group defensive skill scores showed a
significant difference between GK and other positions,
and between FW and CDF, SDF, and DMF (p<0.05).
These results showed that personal defensive tactical
skill test items discriminate between players in
offensive and defensive positions.

DMF showed the highest personal defensive
tactical skill scores followed by CDF and SDF. CDF
showed the highest group defensive tactical skill
scores followed by SDF and DMF. DMF showed
higher scores in group defensive tactical skill scores
than personal defensive tactical skill scores. The DMF
position is characterized by its high group defensive
skills because it prioritizes organizational defensive
tactics, as is the case with the CDF and SDF positions.
As soccer strategy has advanced, DMF players
have been required to serve in the CDF position.
This characteristic appears to have been clearly
discriminated.

There was only one subject who considered himself
qualified to serve in the #10 position; however, his
tactical skill score was very interesting. Compared
with other positions, he rated his personal and group
offensive tactical skills higher. On the other hand,
his personal and group defensive tactical skills
revealed the lowest scores among all positions
except GK. These results suggested that the tactical
skills displayed by #10, which plays a central role in
offense, were clearly discriminated.

Prior to conducting measurements in this study, we
explained to all players that midfielder (trequartista)
(#10) was not simply a position but was assigned to
a creative player capable of instantly determining
what play would affect the direction of the game.
(FIFA, 2024). Only one player identified himself as
midfielder (trequartista) (#10). Because his offensive
tactical skill scores were distinctly higher than other
samples, fostering players that fit the conditions of
#10 is extremely important. On the other hand, the
defensive tactical skill scores of #10 were relatively
low. Because players are required to have high
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defensive skills in modern soccer, the defensive
tactical skill of midfielders (trequartista) (#10) needs
to be improved.

JFA coaching guidelines (JFA, 2000) sets the
fostering of creative players as the primary target.
Modern soccer requires proper and instant judgment
by players, which means individual players must
perform creative plays. The leading soccer countries
clearly understand the importance of fostering such
creative players and have worked on this from a long-
term perspective (Ono, 2000). As a result, they have
succeeded in fostering many creative players such as
Lionel Messi, Cristiano Ronaldo, and Neymar.

5. Conclusion

In this study, we analyzed the test characteristic
of CAT for tactical skills in soccer with video image
questions for use in developing a criterion-reference
measurement test of tactical skill in soccer based on
IRT and CAT techniques, and obtained the following
conclusion:

CAT for tactical skills in soccer with video image
questions is capable of evaluating performance in
a short period of time with testability, reliability,
criterion-related validity and discriminant validity.
It is highly accurate and appropriate as a criterion-
referenced measurement test for tactical skills in
soccer.
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Appendix 1 Response sheet.
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Appendix 1 Response sheet (continue).

BT, ROESEEMITH>TOETH.  prry
Tz

B BEY  ForC bbb

TED  cxz  TEAL TEHL HL

SN 1o TLS

4 3 2 1
4 2 1
.................................................................................................................................................................. Sy
.................................................................................................................................................................. S
......... T e
1 2 46)?7’ 5Ty 5 4 3 2 i 0
YEALYRT 4 2 1
......... T e e g
......... A S
......... e S
1 2 51)a—F—Fvo 5 4 3 2 1 0
e o o) Bty oo — L S S
R , R S PR O , o ;o
......... s
......... e
1 2 56) SFEMNLRE~ADYIYEZ 5 4 3 2 1 0
1 2 nNFLyiy 5 4 3 2 1 0
,,,,,,,,, e
......... e S
......... e
......... G
......... v 2  Of—Lz®%s 5 4 8 2 1 0
1 2 NOVARSI—HR—ILEESLE) 5 4 3 2 1 0
,,,,,,,,, P
......... e
......... T
1 2 M77a—F 5 4 3 2 1 0
,,,,,,,,, g
......... S
......... 1
......... e
1 2 16) FrL P &H/3— 5 4 3 2 1 0
""""" 1 2 DALY TATTATIVRUEHRAH) 5 0 4 3 2 1 0
""""" 1 2 ) JOvsFEOE ®YRAs) 0 5 4 3 2 1 0
......... G A
............................ e
2 21) M) —k 5 3 2 1 0
)R 2 1
......... T S
......... i S
R , e S PR O , S ;o
1 2 260 BN LFRADYIVEZ 5 4 3 2 1 0
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