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abstract
Background:

The purpose of the study is to develop a standardized diagnostic tool designed to predict the level of

Material and methods:

For the construction of the Guttman-type scale, the Rasch model was applied. The methodology

Results:

Only 9 items out of a total of 30 were selected and retained in the developed rating scale. However,

Conclusions:

The developed rating scale includes 9 items suited to assess ball handling, ball controlling and passing

Key words:

the tested floorball skills in young school-age children that is necessary for future game performance.

employed the procedures for standardization by Stochl & Musalek, fit functions to determine the fit of
the data model, KR-20 coefficient for the reliability calculation, Fleiss’ kappa coefficient to determine
the inter-rater agreement, and PCA of residuals to determine the unidimensionality.
the items covered the continuity of the diagnosed feature very well, and the standardization procedure
has been successful – the Rasch model fit the data, three criteria of unidimensionality were met, the
reliability value of the rating scale was 0.81 and the inter-rater agreement reached 98.5%.
techniques. Unfortunately, items containing shooting were not selected; they were too difficult and
misfit the Rasch model.

floorball, Guttman scale, Rasch model.
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introduction 

Many sports specialists try to use different diagnostic tools to control the
training process, but in the vast majority, these are just experience-based
approaches. The same situation is currently in floorball. In floorball, due
to its short history, there are not fully standardized diagnostic tools (tests,
scales) for children that would allow the coaches to objectively assess the
level of acquired floorball skills.
Young school age can be divided into two periods: childhood and prepubescence.
The first period is characterized by a lower level of the quality of movement;
child’s movements lack economy, and every action is done with a number
of additional moves. Later, the prepubescent period can be described as a
stage with a good quality of movement and, therefore, as a favorable period
for motor development and new skills acquirement [1]. We chose to create
a floorball skill diagnostic tool for a young school-age category because of
the unequal level of motor development that requires different demands on
the content and difficulty of tests and assessment scales.
Floorball players’ aim is to score more goals than the opponent, that is, to
control the ball at a level to be conveyed to the opponent’s goal. Manipulating
the ball, in spite of the opponent’s defense, and placing the ball into the
goalkeeper’s goal is almost impossible without the corresponding technical
skills [2−5]. Technique means an effective way of dealing with a movement
action that is in line with an individual’s abilities, biomechanical patterns
of movement, and is based on neurophysiological mechanisms of motion
control [6]. During floorball game, as players are confronted with a changing
environment, cognitive and perceptual skills are important determinants
of technical skill performance and playing ability. There are a number of
ways, from simple to complex tests (mental concentration, perceptual,
anticipation and psychomotor tests) in which these aspects of team game
are monitored [7−11]. There are also several tests and scales intended to
assess the technique of different sports specialties described in the literature
[12−19], using various diagnostic tools including scaling techniques.
The aim of our work is to design a standardized diagnostic tool for the young
school-age category that will testify to the level of acquired floorball skills
(controlling the ball with the floorball stick) that is necessary for future
game performance with the Guttman-type scale designed through Rasch’s
analysis [20−23].

material and methods 
p articipants 

The research sample was composed of 212 floorball players (197 boys and
15 girls) from the Central Bohemia Region, divided into three different age
categories (Table 1). The pilot sample included 25 players of younger school
age, and 29 players of the research sample were evaluated by four raters to
establish inter-rater agreement. The raters were experienced youth floorball
trainers from the Central Bohemia Region with 15, 9, 6 and 3 years of training
experience. The trainers with varying lengths of training experience were
selected due to the possible future use of the scale by both beginner and
experienced trainers. The research sample included players with unequal
www.balticsportscience.com
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levels of acquired floorball skills (Table 2). In order to create a motor scale,
it is desirable that the sample is not homogeneous [23]. Participants were
players from competitive and non-competitive teams (non-competitive
participants were floorball players who did not participate in league matches).
Table 1. Vitamin D supplementation based on the concentration of 25(OH)D in serum

Age

6−8 years

9−10 years

11−12 years

Total

Research sample

42

141

29

212

Pilot sample

5

12

8

25

Table 2. The research sample − level groups

Level

Noncompetitive
team

Noncompetitive
team

Noncompetitive
team

Competitive
team

Competitive
team

Competitive
team

Years of training

1 or less

1−2

3−4

1−2

3−4

5 or more

Practice sessions
per week

1x or 2x

1x or 2x

1x or 2x

3x

3x

3x or 4 x

Research sample

36

48

39

38

36

15

Pilot sample

0

3

5

5

8

4

g uttman scale and r asch analysis 

The Guttman scale is a set of items arranged from the easiest to the most difficult
item. The tested person should complete the block of items from the beginning
of the scale to the critical point, which indicates the maximum possible level of
the personal latent feature [23]. This is a “cumulative” scale; it means that the
critical point item guarantees successful completion of all previous items. The
skill level is evaluated dichotomically as 1–0 or correct–incorrect.
The basic assumption for the Guttman scale is unidimensionality, which
means that all of the scale items diagnose the same latent feature. ”The
unidimensionality of items is a limiting factor for the design of the Guttmantype scale” [23]. Latent features, or latent variables, are variables that are
not directly observed and can be attributed to a general characteristic such
as a physical ability or a movement skill [24]. For latent variable modelling
used in the analysis of test results of a binary and generally categorial type,
the item response theory is used [25].
The Guttman scale is a theoretical and mathematical ideal, and although it is an
ordinal scale, it carries no information about intervals between items or about
intervals between persons. Measurement variability translates to errors from
confounding variables in the Guttman scale. IRT models exploit these errors as
a means to estimate interval scales from ordinal scores assigned to observations
[26]. One of the basic models of the item response theory is the Rasch model
and it is offered as a suitable tool for constructing a perfect scale [20, 22].
Using the Rasch model, we will try to explain a relationship between the
theoretical property represented by a latent variable and the empirical
property represented by a manifest variable. The latent variable is the latent
feature of the floorball skill of controlling the ball with the floorball stick.
The manifest variable is the answer to the dichotomous item (1 corresponds
to a correct motor task, 0 means an incorrect motor task).
www.balticsportscience.com
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p rocedure for designing

and standarizing a motor scale



We used findings from the design of the perfect scale for motor skills diagnostics developed by Cepicka [22, 23] and recommended procedures for the
standardization of motor tests by Stochl & Musalek [27]. To design a motor
scale, we followed steps shown in Figure 1.

Figure 1. The design of the scale for motor skills diagnostics

e xpert validity analysis



Expert analysis was applied as a technique to study the content validity of
each item. The content validity index (CVR) according to Lawshe [28] was
used to select appropriate items measuring the given concept. The coefficient
CVR can range from 1, when none of the experts has indicated that the item
complies with the theoretical concept to be measured, to +1, when all the
experts accept the item corresponding to the measured concept.

d esign of the scale



The scale was designed in three steps. First of all, we analyzed the fit statistics
for each item, then we created a graphical form of the scale according to the
difficulty parameter of each item and, finally, we evaluated the scale values:
1. Removing misfit items
The suitability of items is assessed on the basis of their unidimensionality and
it must be evaluated relative to the model. Infit and outfit statistics for each
item were used, and values between 0.5 and 1.5 were considered acceptable
[29]. Also the difficulty parameters were evaluated in this phase. Item difficulty
parameter values should range from 3 logits to +3 logits [23]. Items with
the difficulty parameter < -3 are too simple for a sample for which the scale
is determined (young school age children) [23]. Most players are evaluated
correctly on this item and it does not distinguish between a low and a high level
of the latent feature. Items with the difficulty parameter > +3 are too difficult
for this sample. Items outside this range and misfit items were removed.
www.balticsportscience.com
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2. Graphical form of the scale and the distribution of scale values
Information about the difficulty parameters of the items is obtained from the
raw scores by Rasch analysis. We sorted items by difficulty, from the easiest
items to the most difficult ones, and we have created a graphical form of the
scale to see the distribution of the scale values. Quantification of the latent
feature takes place on the same scale; the latent feature value corresponds
to the difficulty parameter of the item.
3. Evaluating the scale distribution
The distribution of the scale values needs to be examined in terms of distance,
which should not be too large due to the loss of discrimination. Items should also
cover the continuity of the diagnosed feature within a sufficient range. The value
of the difficulty of an item should be in the range of -3 logits to +3 logits with a
probability of 95% [23]. If the distribution of the scale values does not meet the
above requirements, the scale should be supplemented by the missing items.

s tandarization procedure



1. Validity and unidimensionality of the scale
In considering validity and unidimensionality of the scale, the fit diagnosis
of Rasch analysis was used. We had to evaluate infit and outfit MNSQ and
infit and outfit ZSTD values to consider if the data fit the Rasch model well.
MNSQ (Mean–square) value is the chi-square statistic divided by its degrees of
freedom, and its expected value is close to 1.0. Values greater than 1.0 indicate
unmodeled noise and degrade measurement; values less than 1.0 indicate that
the model predicts the data too well. It is less productive for measurement,
but not degrading. ZSTD (Z-Standardized) value reports probability of MNSQ
statistics occurring by chance when the data fit the Rasch model. They are also
called t-statistics reported with infinite degrees of freedom and 0.0 are their
expected values. Values less than 0.0 indicate too predictable measurement,
and values more than 0.0 lack predictability in measurement. [22, 23, 29, 30]
There are two indicators of misfit: infit means sensitive to unexpected
responses to items near a person’s ability level, and outfit is more sensitive
to unexpected observations by persons on items that are relatively very easy
or very difficult for them [29, 30].
The general principles of fit diagnosis, according to Linacre [29], are:
1. investigate outfit before infit statistics,
2. investigate MNSQ before ZSTD values,
3. investigate high values before low or negative values,
4. if MNSQ values are acceptable (between 0.5 and 1.5), then ZSTD values
can be ignored.
There was also a two-step process for judging unidimensionality [30, 31,
32]. First, we used the Rasch model – if the data fit the Rasch model, we can
confirm the assumption of unidimensionality [22, 23, 29]. Second, a principal
component analysis of the standardized residuals (PCA) was used [33]. We
used three judging criteria for assessing unidimensionality [29, 30, 34]:
1.
The Rasch dimension explains at least 50% of the variance in the data.
2.
The largest secondary dimension, the first principal component of the
residuals, explains no more than 5% of the variance, or the eigenvalue
in the first contrast is less than 2.
www.balticsportscience.com
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3.

There is a minimum ratio of 3:1 for the variance explained by the items
compared to the variance of the first principal component of the
residuals.

2. Reliability of the scale
Reliability of the scale was calculated using the KR-20 coefficient. Cronbach’s
alpha is a general version of the Kuder-Richardson coefficient of equivalence.
The KR-20 coefficient applies only to dichotomous answers, whereas Cronbach’s
alpha applies to any set of items regardless of the response scale [35, 36].
We interpreted the KR-20 coefficient values according to Tavakol & Dennick
[37]: excellent (α ≥ 0.9), good (0.9 > α ≥ 0.8), acceptable (0.8 > α ≥ 0.7),
questionable (0.7 > α ≥ 0.6), poor (0.6 > α ≥ 0.5) and unacceptable (0.5 > α).
Rasch’s reliability is calculated for persons and for items. “Person reliability”
is equivalent to the traditional ”test” reliability, and ”item reliability” has no
traditional equivalent. “Person reliability” chiefly depends on sample ability
variance, length of the test and sample-item targeting. ”Item reliability”
depends on item difficulty variance and person sample size [29].
3. The inter-rater agreement of the scale
The inter-rater agreement of the scale was calculated using Fleiss’ kappa
coefficient [38] to determine the agreement between the raters. ”Item-byitem inter-rater agreement analysis” [39] was used to evaluate inter-rater
agreement for each item of the resulting scale separately. We also calculated
the average Fleiss’ kappa value from the item values, as well as the total
percentage agreement of examiners for each item [40] and the average value
of all items. We interpreted results according to Landis & Koch [41]: almost
perfect agreement (0.99–0.81), moderate agreement (0.80–0.61), substantial
agreement (0.60–0.41), fair agreement (0.40–0.21), slight agreement (0.20–
0.01) and poor agreement (< 0.00).

s tatistical analysis



For the purposes of our research, software Winsteps (version 4.0) [29] designed
for Rasch analysis and the Kappa Calculator software [42] to calculate Fleiss’s
kappa were used.

results 

e xpert validity analysis 

Five floorball experts evaluated 30 items in terms of content validity. Coefficient
CVR according to Lawshe [28] was calculated for each item. All items were
ranked in the order from the highest to the lowest values (Table 3). 18 items
with the three highest coefficients 1, 0.6 and 0.2 were chosen for the next
steps. We removed items 2, 13, 15, 20 and 30 with negative coefficients -1, -0.6
and -0.2 and also items 5, 12, 17, 18, 24, 27 and 28 with higher coefficients
for various reasons (content similarity with another chosen item or impact of
other factors on a successful solution).

www.balticsportscience.com
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Table 3. Coefficient CVR, according to Lawshe [28]
Item

16

22

25

3

4

6

8

9

10

11

12

28

29

1

5

CVR

1

1

1

0.6

0.6

0.6

0.6

0.6

0.6

0.6

0.6

0.6

0.6

0.2

0.2

Item

7

14

17

18

19

21

23

24

26

27

13

20

2

15

30

CVR

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

-0.2

-0.2

-0.6

-1

-1

p ilot testing 

We tested 25 children of young school age on 18 items in terms of adequate
difficulty and fitness level for this age group and also in terms of simple
organization of each test. In terms of difficulty, we rated all items as appropriate
for this age category. Items 3 and 4 were evaluated as unsatisfactory for testing
due to the difficulty with the assessment procedure. The content of the items
is the evaluation of two different types of dribbling over a wide line – “floorball
dribbling” (item 3) and “hockey dribbling” (item 4). It was very difficult to
divide the execution of the movement task into two categories – correct and
incorrect. Some participants were able to accomplish a movement task, they
were able to control the ball and move it over the wide line, but the technical
execution of the movement was in fundamental contradiction with the proper
floorball technique [2−5].

d esign of the scale 

Based on the pilot testing, we removed 2 items from the set of items, and for
the main testing we used the remaining 16 items that we renumber as shown
in Table 4.
Table 4. List of the numbered items

Item 1

Forehand spin with a ball

Item 2

Backhand spin with a ball

Item 3

Figure eight between the legs

Item 4

Pick up a ball on the stick blade

Item 5

Flip and catch a ball on the stick blade

Item 6

Carry a ball on the stick blade over a floorball barrier

Item 7

Take a backhand shot over a floorball barrier

Item 8

Follow the line

Item 9

Lob pass into a target

Item 10

Target passing

Item 11

Target passing while running

Item 12

Target shooting

Item 13

Target shooting while running

Item 14

Slalom with a ball No. 1

Item 15

Slalom with a ball No. 2

Item 16

Slalom with a ball No. 3

First of all, we analyzed the fit statistics for each of the 16 items (Table 5).
The MNSQ outfit values of items 13, 12, 8, 10, 14, 5 and 2 were outside the
required interval (0.5, 1.5). Items 13, 12, and 2 also have the value of the
parameter of difficulty outside the interval (-3, +3), and they seem unsuitable
for the final scale. On the other hand, items 14 and 5 almost met the interval
www.balticsportscience.com
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value 0.5 and had the parameter of difficulty inside the interval (-3, +3). Items
10 and 8 have the values of their parameters of difficulty suitably matched
to the distances between the items in the scale, but their outfit MNSQ values
were too high. Linacre [29] claims that high outfit MNSQ values may be the
result of a few random responses by low performers. He recommends removing
these performers when doing item analyses. We tried to identify these misfit
performers and removed them from the research sample. We removed three
misfit performers on item 10 and one misfit performer on item 8. The Rasch
analysis after removing four performers is shown in Table 6.
Table 5. Rasch analysis of 212 performers

ITEM

DIFFICULTY
PARAMETER

INFIT MNSQ

INFIT ZSTD

OUTFIT MNSQ

OUTFIT ZSTD

13

4.34

0.80

-0.9

0.25

-1.6

11

3.68

0.94

-0.3

1.12

0.4

12

3.38

0.80

-1.3

0.31

-1.6

8

2.80

1.49

3.2

1.56

1.1

10

2.13

1.27

2.1

2.15

2.1

9

1.59

1.00

0.0

0.82

-0.3

14

1.51

0.77

-2.2

0.48

-1.5

16

0.42

1.11

1.1

0.93

-0.1

5

-0.12

0.71

-3.3

0.48

-2.3

4

-0.88

0.82

-1.9

0.55

-1.7

15

-1.77

1.20

1.8

1.20

0.6

3

-2.39

1.00

0.1

1.11

0.4

7

-2.78

0.92

-0.6

0.58

-0.9

6

-3.11

1.00

0.1

0.82

-0.2

2

-3.22

1.05

0.4

2.42

2.1

1

-5.59

0.92

-0.2

1.03

0.3

Table 6. Rasch analysis of 208 performers

ITEM

DIFFICULTY
PARAMETER

INFIT MNSQ

INFIT ZSTD

OUTFIT MNSQ

OUTFIT ZSTD

13

4.34

0.80

-0.9

0.25

-1.6

11

3.68

0.94

-0.3

1.12

0.4

12

3.38

0.80

-1.3

0.31

-1.6

8

2.80

1.49

3.2

1.56

1.1

10

2.13

1.27

2.1

2.15

2.1

9

1.59

1.00

0.0

0.82

-0.3

14

1.51

0.77

-2.2

0.48

-1.5

16

0.42

1.11

1.1

0.93

-0.1

5

-0.12

0.71

-3.3

0.48

-2.3

4

-0.88

0.82

-1.9

0.55

-1.7

15

-1.77

1.20

1.8

1.20

0.6

3

-2.39

1.00

0.1

1.11

0.4

7

-2.78

0.92

-0.6

0.58

-0.9

6

-3.11

1.00

0.1

0.82

-0.2

2

-3.22

1.05

0.4

2.42

2.1

1

-5.59

0.92

-0.2

1.03

0.3
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difficulty and fitness level for this age group and also in terms of simple
organization of each test. In terms of difficulty, we rated all items as appropriate
for this age category. Items 3 and 4 were evaluated as unsatisfactory for testing
due to the difficulty with the assessment procedure. The content of the items
is the evaluation of two different types of dribbling over a wide line – “floorball
dribbling” (item 3) and “hockey dribbling” (item 4). It was very difficult to
divide the execution of the movement task into two categories – correct and
incorrect. Some participants were able to accomplish a movement task, they
were able to control the ball and move it over the wide line, but the technical
execution of the movement was in fundamental contradiction with the proper
floorball technique [2−5].
After Rasch analysis of the test results for the remaining 208 performers (Table
5), we decided to include items into the final scale due to recommendation
of McCreary [30] and Linacre [29] and also due to the values of the difficulty
parameters [16, 17] as follows:
Item 1: “Forehand spin with a ball” – The item was not selected for the final scale
despite the appropriate values of fit statistics (infit MNSQ = 0.93; outfit MNSQ
= 1.05; infit ZSTD = 0.1; outfit ZSTD = 0.3). The reason was that the item
was too simple (the difficulty parameter was -5.61).
Item 2: “Backhand spin with a ball” – The item was not included into the scale
because of the high value of the MNSQ outfit function (2.49) that degrades
the measurement system, the high outfit value of the ZSTD (2.2) that indicates
lack of predictability and also because of the difficulty parameter (-3.20) that
was out of the interval (-3, 3).
Item 3: “Figure eight between the legs” – The item was chosen for the final scale,
the value of the difficulty parameter -2.38 was inside the interval (-3, 3), and
fit statistics had the required values (infit MNSQ = 1.01; outfit MNSQ = 1.13;
infit ZSTD = 0.1; outfit ZSTD = 0.4).
Item 4: “Pick up a ball on the stick blade” – The item was chosen for the scale.
The value of the difficulty parameter was -0.93, which was inside the interval
(-3, 3). Infit and outfit MNSQ values were also inside the required intervals
(infit MNSQ = 0.85; outfit MNSQ = 0.57). Infit and outfit ZSTD values were
both -1.6. These negative values indicated higher predictability of the data,
but they were not a threat to the validity of the scale.
Item 5: “Flip and catch a ball on the stick blade” – The item was selected for the
final scale. The value of the difficulty parameter -0.15 was close to the center
of the scale. The MNSQ infit value 0.73 was in the required interval, but the
MNSQ outfit value 0.49 slightly exceeded the interval. However, we decided to
accept this value for further processing. Too low infit and outfit values of ZSTD
statistics (infit ZSTD = -3.0; outfit ZSTD = -2.1) indicated higher predictability
of data as in item 4.
Item 6: “Carry a ball on the stick blade over a floorball barrier” – The item was not
included in the final scale despite perfect values of fit statistics (infit MNSQ =
1.0; outfit MNSQ = 0.87; infit ZSTD = 0.0; outfit ZSTD = -0.1). The reason was
an unsatisfactory parameter of the difficulty (-3.26), the item was too simple.
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Item 7: “Take a backhand shot over a floorball barrier” – Item was placed in the
final scale. The value of the difficulty parameter was -2.85 that was inside the
interval (-3, 3) and infit and outfit MNSQ were found in the required interval
(infit MNSQ = 0.92, outfit MNSQ = 0.58). ZSTD infit and outfit values were
-0.6 and -0.8 (lack of predictability), and the values of statistics were not a
reason to remove this item from the final scale (these values were not a threat
to the validity).
Item 8: “Follow the line” – The item was retained in the final scale, the value of the
difficulty parameter was 2.90 and was close to the extreme value of the scale
(+3). Infit and outfit MNSQ values and outfit ZSTD were inside the required
interval (infit MNSQ = 1.48, outfit MNSQ = 1.14, outfit ZSTD = 0.4). Infit
ZSTD reached a high value of 3.1. This value indicated lack of predictability
but did not decrease the value of the scale.
Item 9: “Lob pass into a target” – The item was selected for the final scale, the
value of the difficulty parameter 1.61 was inside the interval (-3, 3). The infit
and outfit values of MNSQ and ZSTD were very good (infit MNSQ = 1.01,
outfit MNSQ = 0.86, infit ZSTD = 0.2, outfit ZSTD = -0.2).
Item 10 “Target passing” – Item was chosen for the final scale, the value of the
difficulty parameter 2.30 was in the interval (-3, 3). The infit and outfit MNSQ
values and outfit ZSTD value were in the required intervals (infit MNSQ =
1.18; outfit MNSQ = 1.04; outfit ZSTD = 0.2); the infit ZSTD value reached
1.4. This value indicated some lack of predictability of data.
Item 11: “Target passing while running” – The item was not included in the final
scale despite the relatively appropriate values of the fit functions (infit MNSQ
= 0.95; outfit MNSQ = 1.19; infit ZSTD = -0.2, ZSTD outfit = 0.5). The reason
was an unsatisfactory difficulty parameter (3.72); the item was too difficult.
Item 12: “Target shooting” – The item was not included in the final score due
to the low MNSQ outfit (0.31) and too high value of the difficulty parameter
(3.41). Low MNSQ outfit values do not degrade the measurement tool, but
may produce misleadingly good reliability and separation values.
Item 13: “Target shooting while running” – The item was not included in the final
scale due to the low MNSQ outfit (0.25) as low as at item 12. This item was
also too difficult (the difficulty parameter = 4.39).
Item 14: “Slalom with a ball No. 1” – The item was removed despite a suitable
difficulty parameter (1.52) and relatively acceptable values of fit statistics
(infit MNSQ = 0.78; outfit MNSQ = 0.49; infit ZSTD = -2.1; outfit ZSTD =
-1.4). The reason was that this item had almost the same difficulty parameter
as item 9. For the final scale we preferred item 9 because of the content (”lob
shot” instead of another slalom as in items 15 and 16).
Item 15: “Slalom with a ball No. 2” – The item was chosen for the final scale. The
value of the difficulty parameter -1.87 was in the required interval (-3, 3). Infit
and outfit MNSQ values and outfit ZSTD value fell within the correct interval
(infit MNSQ = 1.25; outfit MNSQ = 1.26; outfit ZSTD = 0.7). Infit ZSTD value
reached 2.1, referring to the lack of predictability. This value does not degrade
the final scale.
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Item 16: “Slalom with a ball No. 3” – The item was placed in the final scale; the
value of the difficulty parameter was 0.41 and was inside the required interval
(-3, 3). Values infit and outfit MNSQ and outfit ZSTD were good (infit MNSQ
= 1.14; outfit MNSQ = 0.97; outfit ZSTD = 0.0). Only the infit value of ZSTD
(1.14) was increased as in the previous item.
The second step of the scale development was the creation of a graphical form
of the scale (Figure 2) according to the difficulty parameter of each chosen
item shown in Table 7 (the difficulty parameter values were recalculated for
nine item scale).
Finally we evaluated the scale values. Nine items were chosen for the final
scale (Table 8) with the items very well covering the continuity of the diagnosed
feature within a range from -2.85 logits to +3.01 logits. The final scale optimally
covers the continuum of the diagnosed feature; slightly greater is the distance
between items 16 and 9 (1.19 logits) and between items 15 and 4 (0.98 logits).
Despite these distances, the final scale appears to be a quality latent feature
diagnostic tool due to the distribution of items and their difficulty parameters.

Figure 2. The graphical form of the scale

Table 7. The difficulty parameter

ITEM
DIFFICULTY
PARAMETER

7

3

15

4

5

16

9

10

8

-2.85

-2.34

-1.79

-0.81

0.01

0.57

1.76

2.43

3.01

Table 8. The items of the final scales

Item 7

Take a backhand shot over a floorball barrier

Item 3

Figure eight between the legs

Item 15

Slalom with a ball No. 2

Item 4

Pick up a ball on the stick blade

Item 5

Flip and catch a ball on the stick blade

Item 16

Slalom with a ball No. 3

Item 9

Lob pass into a target

Item 10

Target passing

Item 8

Follow the line

standarization procedure

−

validity and undimensionality



The Rasch analysis, specifically fit diagnosis, gave us information on the
validity and unidimensionality of the scale. All the infit and outfit MNSQ values
(Table 9) were in the required interval (0.5, 1.5), according to Linacre [29].
ZSTD values were ignored, because MNSQ values were acceptable [29]. The
data fit the Rasch model well and the other three PCA criteria used for judging
unidimensionality [29, 30, 34] were met (Table 10):
1.

The variance explained by the measure was 54.1 % (more than the
required 50%).
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2.

The variance explained by the first principal component of the residuals
was 8.8%, just over the criterion of 5 %, but the eigenvalue in the first
contrast was 1.7225 (less than the required 2). Exceeding one of these
two criteria means that this condition for unidimensionality was met.

3.

The ratio for the variance explained by the items compared to the
variance of the first principal component of the residuals was 3.171: 1
(more than the required 3:1 ratio).

Taken together, the fit statistics and the PCA indicate that the scale is valid
and unidimensional.
Table 9. Standardized residual variance

ITEM

INFIT MNSQ

INFIT ZSTD

OUTFIT MNSQ

OUTFIT ZSTD

8

1.28

2.0

1.07

0.3

10

1.04

0.4

0.95

0.1

9

0.98

-0.2

0.93

-0.1

16

1.07

0.7

0.81

-0.8

5

0.73

-3.0

0.53

-2.7

4

0.89

-1.1

0.66

-1.4

15

1.17

1.4

1.13

0.4

3

1.10

0.8

1.04

0.3

7

0.93

-0.5

0.65

-0.5

Table 10. Standardized residual variance

EIGEN VALUE

Observed
variance

Expected
variance

Raw variance explained by measures

10.6188

54.1%

54.4%

Raw variance explained by persons

5.1400

26.2%

26.3%

Raw variance explained by items

5.4788

27.9%

28.1%

Unexplained variance in 1st contrast

1.7225

8.8%

19.1%

Unexplained variance in 2nd contrast

1.4461

7.4%

16.1%

Unexplained variance in 3rd contrast

1.2083

6.2%

13.4%

Unexplained variance in 4th contrast

1.1030

5.6%

12.3%

Unexplained variance in 5th contrast

1.0289

5.2%

11.4%

s tandarization procedure

−

reliability



The reliability was calculated using the KR-20 coefficient. The reliability of
the final scale was 0.81, which was a good result according to Tavakola &
Dennick [37]. The Rasch reliability was also calculated for the tested persons
and the items, and the results showed the “real” and “model” reliability. The
“real” person reliability reached lower values; the value of 0.75 (“model” value
= 0.78) was an acceptable result according to Tavakola & Dennick [37]. Item
”real” reliability was 0.99 (“model” value = 0.99), which was a very good result
and very high reliability.
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standarization procedure

−

the inter-rate agreement



The inter-rater agreement of the scale was evaluated by four raters with
varying lengths of training experience. The inter-rater agreement reached
0.985313% on all nine items and the average Fleiss’ kappa value reached
0.936887. This is a very good result and almost perfect agreement according
to Landis & Koch [41]. The inter-rater agreement on each of nine items is
shown in Table 11.
Table 11. Inter-rater agreement

ITEM

Inter-rater
agreement %

Fleiss' kappa

Interpretation [41]

8

0.982759

0.963046

almost perfect agreement

10

1.00000

1.00000

almost perfect agreement

9

1.00000

1.00000

almost perfect agreement

16

1.00000

1.00000

almost perfect agreement

5

0.942529

0.865741

almost perfect agreement

4

0.977011

0.765657

moderate agreement

15

1.00000

1.00000

almost perfect agreement

3

0.965517

0.837535

almost perfect agreement

7

1.00000

1.00000

almost perfect agreement

discussion 

The design of the Guttman-type assessment scale includes nine items that
measure the level of acquired floorball skills. The scientific standardization
procedure of the final nine items of the rating scale has been successful
and the results have shown that the scale is a valid, reliable and objective
diagnostic tool.
The Rasch model fit the data well – infit and outfit MNSQ values were in the
required interval according to Linacre [29]. Exploring the model fit of the
scale was also the first step in assessing the unidimensionality of the scale,
the basic assumption of the Guttman scale. The second step was the principal
component analysis of the standardized residuals in which we assessed the
three criteria that were met – the first component explained 54.1% of the
total variance in the data (more than the required 50%); the eigenvalue in the
first contrast of the residuals was 1.7225 (less than the required 2), and the
ratio between the variance explained by the items and the variance explained
by the first contrast was 3.171: 1 (more than the required 3:1 ratio). The
only value that did not meet the required criteria was the value of the first
contrast of the residuals that did not exceed 5% but reached 8.8%. This result
could indicate the existence of a second dimension [29], but since the abovementioned eigenvalue in the first contrast of the residuals is low, the existence
of the second dimension should be avoided and unidimensionality confirmed.
The inter-rater agreement (Fleiss kappa) reached almost perfect agreement
98.5% and the reliability value of the rating scale was 0.81.
All the results reached high criteria except the person reliability. The result
of the person reliability (0.75) was not interpreted as excellent or good but
was still acceptable [29]. Interpretation of this result [29] suggests that there
www.balticsportscience.com
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were not enough performers in the research sample with a sufficiently large
range of the floorball skill distribution, probably missing a sufficient number
of tested players with an extreme (high or low) level of tested skill.
Nine items of the final scale cover the continuity of the diagnosed feature
with the gradual increase in the difficulty from the easiest to the most difficult
items (from -2.85 logits to +3.01 logits). Final nine chosen items include skills
as passing, slalom running or a ball manipulation, but we miss the “shooting”
items (items 12 and 13) in the final rating scale. The “shooting” items were
too difficult for the research sample. Although we have tried to ensure equal
representation of all levels of the diagnosed feature in the research sample,
there were probably more performers with a moderate or lower level of
acquired floorball skills for which “shooting” items were too difficult. From
this point of view, it would be appropriate to test players with a higher level
of the diagnosed feature with 16 original items to shift the difficulty of the
scale towards more difficult items. Another option would be to simplify the
“shooting” items and retest them again together with 9 chosen items or 16
original items. This should be the next step in further development of this
diagnostic tool.

conclusions 

Despite the absence of “shooting” items, we consider the rating scale as a
high-quality diagnostic tool that evaluates the level of acquired floorball skills.
Relatively simple content of the items also allow practical applications. The
nine items scale can be easily used in the training or teaching process. The
results of our research will, therefore, be for coaches of youth categories in
floorball and physical education teachers.
Finally, we would like to highlight the well-defined procedure for constructing
the assessment scale as a contribution to the sport science. Diagnostic tool
construction can also be used in other sports specializations to create a high
quality and standardized rating scale designed to test the level of technical
skills of a particular sport.
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