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Abstract:  Background: The Bruininks-Oseretzky Test of Motor Proficiency, Second Edition (BOT-
2), in its complete form, is considered a clinical, objective diagnostic tool that focuses on the motor 
proficiency of individuals with typical development and moderate motor skill difficulties. The BOT-
2 Short Form (SF), an alternative tool with 19 selected test items, is designed for quick screening of 
motor proficiency. This study aimed to evaluate the predictive validity of the German BOT-2 SF for 
below-average and well-below-average motor proficiency compared to the BOT-2 CF. Methods: The 
motor proficiency of 637 Czech children (46.6% girls) aged 6.0-11.0 years was assessed using the 
BOT-2 CF. We compared differences in sensitivity, predictive validity for motor difficulties, and 
feasibility between the BOT-CF and SF. Results: The BOT-2 SF yielded lower total motor composite 
scores than the BOT-2 CF (t(636) = 8.84, p < .001). This is reflected in the low precision and 
predictive value of a positive test result. The BOT-2 SF sensitivity was moderate (77%), the 
specificity was high (94%), and the accuracy was high (93%). Conclusions: The BOT-2 SF is a 
suitable assessment tool for low motor proficiency when used as an alternative to the BOT-2 CF. 
Improving the diagnostic quality of the BOT-2 SF can be achieved by adjusting the cutoff point. 
Further improving the BOT-2 SF's properties as a screening tool would require revising the 
selection of test items to eliminate the ceiling effect. 
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INTRODUCTION 
 

Motor competence (MC) is defined as an individual's degree of proficient 
performance in a broad range of motor skills, as well as the underlying mechanisms, 
including quality of movement, motor coordination, and motor control [1]. Research has 
identified the role of MC in several key physical health [2] and cognitive outcomes and 
social-emotional health [3]. Our findings align with the prevailing global trend of low MC 
in children and adolescents [4]. Determining proficiency in children’s actual MC is 
essential for the development of meaningful interventions. There are several objective 
assessment tools for determining MC in the scientific literature. The selection of a 
particular method and its precision is paramount in effectively answering research 
questions, with the the method of measurement and the nature of the feature under 
assessment, constituting other pivotal considerations [5]. The variety of purposes specific 
to educational, sport, and clinical settings, as well as the diversity of sociocultural 
conditions, complicates the establishment of a universal gold standard measure of MC. The 
following text is intended to provide a comprehensive overview of the subject matter. 

One of the most widely used and accepted tools for assessing MC, due to its high 
reliability and validity, is the Bruininks-Oseretsky Test of Motor Proficiency, 2nd Ed. (BOT-
 2). It is designed to assess the motor proficiency of all children, from those typically 
developing to those with mild to moderate MC problems [6]. The BOT-2 exists in a US 
original complete form (BOT-2 CF) with 52 test items and normative criteria for the US 
population ages 4-21. Based on the BOT-2 CF, a selection of 14 test tasks was created in a 
short form (BOT-2 SF). In terms of  MC assessment, the BOT-2  theoretically offers a 
unique opportunity for both screening with the BOT-2 SF and the potential for subsequent 
diagnosis and specification of groups at risk of developmental delay. From a 
methodological perspective, the BOT-2 CF can be considered a diagnostic tool. Diagnostic 
tests are generally considered to provide definitive information about the presence of a 
disease or target condition [7]. In our study, the BOT-2 CF identifies subjects with below 
average MC as positive and others as negative. 

A standard diagnostic test may be too resource-consuming, costly, or invasive to be 
practical for widespread use [8]. The BOT-2 CF demonstrates low feasibility compared to 
other MC tools [9,10]. Such scenarios require an alternative test that can better balance 
diagnostic yield with pragmatism [8]. Our study considers the BOT-2 SF as an alternative 
tool. Such alternative screening tests are known to be diagnostically imperfect and 
sometimes ambiguous [7]. Consequently, it is crucial to determine how these tests can 
identify the likely presence or absence of the condition of interest, i.e., their predictive 
validity. In the case of BOT-2 SF, the original American version, there is discussion about 
revising 14 selected items to improve psychometric quality [11,12]. Once the predictive 
validity of screening tools is determined, evaluating such tests in relation to practical 
utility and feasibility is important, which assesses aspects such as the test's availability, 
the measurement's feasibility in practice, and the test subject's acceptability [13]. 

Our study aimed to analyse the predictive validity of the German BOT-2 SF, which 
has 19 test items for motor proficiency below and well below average. In relation to 
predictive validity, we evaluated and compared the practical usability and feasibility of 
both test instruments. We defined three null hypotheses:  
 HA0: The BOT-2 SF does not provide comparable predictive validity as the BOT-2 CF.  
 HB0: Shifting the cut-off points will not address any differences in the psychometric 

quality of the BOT-2 SF. 
 HC0: The BOT-2 SF does not show significantly better feasibility than the BOT-2 CF. 

We contribute to the issue with a comparative study based on measuring Czech 
school children aged 6-11 years with the BOT-2 CF adapted for German-speaking 
countries. This version may be more appropriate for the European context [14]. To our 
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knowledge, the BOT-2 SF and CF have not yet been compared to the German version of the 
test battery.  

 
 

MATERIAL AND METHODS 
 

Participants and Study Settings 
This study was carried out in the Czech Republic between 2020 and 2022. Testing 

that was temporally affected by the SARS-CoV-2 pandemic was always carried out in 
compliance with current hygiene regulations. It took place in school premises during 
periods when the wearing of protective masks was not mandated in the classroom. Data 
were collected from 637 children aged 6.0-11.0 years (297 girls, 46.6 %). Age groups were 
evenly distributed, with age M = 8.42±1.30 years. 

Participants were selected by quota sampling to ensure the representation of 
different socio-cultural groups in the population. In our selection process, we accounted 
for quotas based on the characteristics of age, gender, school size as expressed by the 
number of students, urban and rural location, associated estimated ethnicity and minority 
representation, and related socioeconomic status (lower in small schools outside larger 
cities). The study involved pupils from six primary schools in three regions. Sports schools 
and schools for students with special educational needs were not included in the study. 

The initial requirement for the total sample size was a minimum of 40 children in 
each normative age group of a given gender. This number takes into account the condition 
of the variability of the data (sample > 30 when assessing relative frequency), the required 
width of the confidence interval (precision of the estimate in the Total motor composite 
and subcategories), and the estimate of the effect size under investigation (differences due 
to age and gender) [15]. Thirty-six trained researchers collected data during physical 
education classes. Their reliability was verified in pre-tests [16]. 

 
Methods – Motor Proficiency 

Motor proficiency was determined using the complete form of the BOT-2, German 
version. Validity and reliability for measuring motor proficiency in the fine and gross 
motor categories were tested in a German standardisation study with n = 1177 German, 
Austrian and Swiss children [17]. The BOT-2 CF contains 53 test items and assesses Total 
Motor Composite (TMC) and level of fine and gross motor skills in 4 motor area 
composites 1 - 4, with 8 subtests I – VIII:  

1. Fine Manual Control (I. Fine Motor Precision, II. Fine Motor Integration). 
2. Manual Coordination (III. Manual Dexterity, VII. Upper-limb Coordination).  
3. Body Coordination (IV. Bilateral Coordination, V. Balance). 
4. Strength and Agility (VI. Running Speed and Agility, VIII. Strength).  

The German version of the BOT-2 SF contains 19 selected test items, of which 11 
focus on fine motor skills (7 pencil and paper items in categories I. and II., two items each 
in categories III. A VII.) and 8 tasks on gross motor skills (2 selected tasks each for 
categories IV., V., VI. and VIII.). The BOT-2 SF only allows the evaluation of the TMC with 
respect to age and gender, not the individual fine and gross motor skill subcategories. 
After calculating TMC values (evaluated as standard score with M = 50 and SD = 10), we 
categorized the results into performance categories: 'well-above average' (standard score 
of 70 and above), 'above average' (60 to 69), 'average' (41 to 59), 'below average' (31 to 
40), and 'well-below average' (30 and below). In the present study, children in the ‘below 
average’ category were classified as 'at risk' for developmental delay in motor skills [18], 
while those in the ‘well-below average’ category were classified as 'at risk' for 
developmental coordination disorder (DCD) [19]. 
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Table 1 Assessed feasibility categories 

Assessed feasibility 
categories 

Good (1) Average (2) Poor (3) 

Administration Time Less than 10 minutes.  10–20 minutes.  More than 20 minutes. 

Equipment 
Equipment available in 
schools and homes.  

Equipment that could be 
exchanged for more easily 
accessible equipment.  

Equipment that schools 
were unlikely to possess, 
or a test kit, incurs 
purchase costs. 

Space 
Less than 6 m space 
required.  

6-10 m.  

More than 10 meters, 
requiring an outdoor 
space, gym or large open 
classroom.  

Assessment type Product only. Process and product. Process only.  

Items Less than 6 items. 6-12 items.  More than 12 items.  

Evaluator training 
Training time less than 
half a day.  

Half a day to one and a half 
days. 

Training more than 1.5 
days. 

Qualifications required 
Able to be delivered by 
any qualified staff. 

Requiring school teacher 
level qualifications. 

Requires higher than 
school staff qualifications. 

Commonness of tasks* 
Usual tasks included in the 
curriculum. 

One unusual item. 
More than one unusual 
item. 

Cost-effectiveness of 
equipment 

No cost. 
One-time purchase of 
equipment 

Need for ongoing costs, 
e.g. purchase of individual 
evaluation protocols or 
time-limited licenses of 
evaluation software. 

Time required to complete 
all test items 

Less than 45 minutes class 
period 

90-45 minutes. More than 90 minutes. 

*Commonness of tasks in terms of their inclusion in curriculum documents in the context of the cultural 
environment. 

 
Methods - feasibility 

To assess feasibility, we used and adapted the categories proposed by Klingberg et 
al. [20]. In Table 1, we added three additional attributes to the Klingberg et al. [20] 
proposed attributes with ratings in three categories (1) good, (2) average, and (3) poor. 

 
Methods -  Comparative Study 

To compare the BOT-2 SF and the BOT-2 CF, we methodologically followed the steps of 
comparative analysis [21]: 

1. Specification of the object of comparison: the selected psychometric and descriptive 
characteristics of the BOT-2 SF and the BOT-2 CF. 

2. Definition of the compared characteristics, traits, contextual variables and 
comparability assessment. We assessed changes in TMC variables using the BOT-2 CF 
and SF as two tools. The other subcategories assessed in the BOT-2 CF, such as Fine 
Manual Control, Manual Coordination, Body Coordination, Strength, and Agility, could 
not be determined using the standard BOT-2 SF manual. We compared the predictive 
validity of the BOT- 2  CF and SF for capturing 1) at risk for developmental delay in the 
TMC below average (TMC≤40) category and 2) at risk for developmental coordination 
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disorder (DCD) in the well- below average (TMC≤30) category. To assess and compare 
the feasibility of the BOT-2 CF and SF, we used adapted categories proposed by 
Klingberg et al. [20] (Table 1).  

3. The determination of specific comparison techniques was described in the Statistical 
Analysis section. 

4. The method of evaluating the obtained information and the systematics of the outputs 
was described and interpreted by changes in selected psychometric characteristics. For 
descriptive characteristics, we assessed and interpreted changes in descriptive 
feasibility categories. 
 

Statistical Analysis 
Lilliefors test was used to test the normality of the data. To evaluate the agreement 

of the means of the two samples (gender differences), we used a two-sample t test for the 
normality of the data.When data normality was not met, we used the Mann–Whitney test. 
We used a one-factor analysis of variance (ANOVA) when the data were normal to assess 
the agreement of the means of more than two samples (age differences). When the data 
normality condition was unmet, we used the Kruskal–Wallis test. Two-factor ANOVA was 
used to compare the agreement between two samples (gender differences), where the 
effect of age was expected. 

Hypothesis tests were conducted at the 5% significance level. For ANOVA, 
Kruskal–Wallis test, and two-factor ANOVA, post hoc analyses of intercomparisons were 
performed if the H0 hypothesis of agreement of means/medians was rejected. 

The effect size was ascertained for the difference in means using Cohen’s d for two 
samples or Hedges g for more than two samples. Fisher eta was used to assess the 
variance η. Cohen’s d classified effect sizes as small (d = 0.2), medium (d = 0.5), and large 
(d ≥ 0.8)  

Hypothesis tests were conducted at the 5% significance level. For ANOVA, 
Kruskal–Wallis test, and two-factor ANOVA, post hoc analyses of intercomparisons were 
performed if the H0 hypothesis of agreement of means/medians was rejected. 

The effect size was ascertained for the difference in means using Cohen’s d for two 
samples or Hedges g for more than two samples. Fisher eta was used to assess the 
variance η. Cohen’s d classified effect sizes as small (d = 0.2), medium (d = 0.5), and large 
(d ≥ 0.8) [22]. 

To determine predictive validity, we used the following variables: sensitivity, 
specificity, accuracy, positive and negative predictive values, positive and negative 
likelihood ratios, the Receiver Operating Characteristic (ROC), and Area Under the Curve 
(AUC). 

We assessed sensitivity as the probability of a positive outcome conditional on the 
individual being truly positive. The sensitivity of a test was defined as the proportion of 
people with disease who will have a positive result [23]. Specificity expresses the 
probability that the test will be negative in a healthy person. Test accuracy assessed the 
overall agreement of the test with reality. The predictive value of a positive (negative) test 
expresses the probability that a person is actually positive (negative) on a positive 
(negative) test [24].  

A positive likelihood ratio (LR+) was assessed as the probability that a positive test 
would be expected in a person divided by the probability that a positive test would be 
expected in a person without difficulties. A negative likelihood ratio (LR-) was assessed as 
the probability of a person testing negative who has a disease divided by the probability of 
a person testing negative who does not have difficulties [25]. Findings with LRs greater 
than 1 argue for the diagnosis of interest; the bigger the number, the more convincingly 
the finding suggests that difficulties. Findings whose LRs lie between 0 and 1 argue against 
the diagnosis of interest; the closer the LR is to 0, the less likely the difficulties. Findings 
whose LRs equal 1 lack diagnostic value [26]. 
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We set the thresholds for sensitivity and specificity measures according to the 
following criteria. The first is the sufficiency of the sample size, which increases the quality 
and precision of the estimates made. The next one is the representativeness of the sample 
related to the frequency of occurrence of the phenomenon under study in the population 
[27]. Another criterion is the severity of the pathology [28]. Considering the criteria, we 
evaluate a threshold of 80% as sufficient for our purposes. 

Using ROC analysis, we validated the cut-off point for a diagnostically acceptable 
solution to the probability of false negative and false positive DCD results using the BOT-
 2 SF. The performance of a diagnostic variable was quantified by calculating the Area 
Under the Curve (AUC), which is a standard expression of a test's diagnostic performance 
[29]. Statistical data processing was performed using Matlab software (The MathWorks, 
UK). 

 
Ethics Statement 

This research study was reviewed and approved by the Ethics Commission of the 
Technical University of Liberec, Czech Republic. on 23. 10. 2019. The procedures involved 
in the study were undertaken in accordance with the ethical standards of the responsible 
Czech National Committee on Human Experimentation and the Helsinki Declaration of 
2000. The participants' legal guardians provided written informed consent to participate 
in this study and for anonymised data collection.  

 
 

RESULTS 
 
Our cross-sectional study [30] published complete results of BOT-2 CF 

measurements, including the effect of age and gender on Total motor composite, 
4 categories of gross and fine motor skills, and each of the 7 subcategories. Here, we 
present relevant data on the differences between BOT-2 CF and SF. 
 
Precision 

We evaluated the accuracy of BOT-2 SF based on differences in TMC, as BOT-2 SF 
does not allow for assessing fine and gross motor skills subcategories. TMC determined 
using the BOT-2 CF is average for our group. The TMC of the BOT-2 SF is also in the 
average category but shows lower mean values. The difference in TMC BOT-2 CF and BOT-
2 SF is statistically significant (t(636) = 8.84, p<0.001) (Table 2). Figure 1 shows a 
histogram of the relative frequency of differences in TMC BOT 2 CF and BOT 2 SF results. 

 
 

Table 2. Total motor composite results BOT-2 CF and BOT-2 SF total and by age 

Indicator 

Age categories [years] 
Total 6.0 to 6.9 

M (SD) 
7.0 to 7.9 

M (SD) 
8.0 to 8.9 

M (SD) 
9.0 to 9.9 

M (SD) 
10.0 to 10.9 

M (SD) 

n = 97 n = 185 n = 129 n = 125 n = 101 n = 637 

TMC BOT-2 CF 50.27 (10.44) 48.01 (9.70) 46.97 (9.76) 43.16 (10.77) 42.82 (10.30) 46.37 (10.49) 

TMC BOT-2 SF 48.05 (11.56) 45.27 (10.98) 44.07 (10.09) 41.82 (10.06) 41.01 (10.57) 44.44 (10.28) 

Mean difference 1.72 (4.89)* 2.49 (5.37)* 2.56 (5.40)* 1.01 (6.09) 1.41 (5.52)* 1.93 (5.50)* 

t-value t(96) = 3.46 t(184) = 6.31 t(128) = 5.38 t(124) = 1.85 t(100) = 2.57 t(636) = 8.84 

p-value <0.001 <0.001 <0.001 0.066 0.012 <0.001 

Note: M = mean, SD = standard deviation, TMC = Total Motor Composite. 
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Figure 1.  Histogram of the relative frequency of differences between the Total motor composite   BOT-
  2  CF and BOT-2 SF  
 

The distribution of TMC in performance categories BOT-2 CF and BOT-2 SF was: 
well-above average (CF n=2, 0.31% and SF n=1, 0.1%), above average (CF n=68, 10.68% 
and SF n= 40, 6.28%), average (CF n=380, 59.65% and SF n=389, 61.10%), below average 
(CF n=144, 22.61% and SF n=140, 21.98%), well-below average (CF n=43, 6.75%  and SF 
n=67, 10.51%).  

 
Age and gender differences 

We analysed the effect of age on BOT-2 CF results. At the 5% significance level, the 
null hypothesis H0 was tested using ANOVA (mean TMC is the same for all age categories). 
We reject H0 (F(4.632)=11.14, p < 0.01, Hedges' g = 0.73). Post hoc analysis revealed that 
the TMC value decreased significantly when comparing the older age groups of 10 and 9 
years with the younger age groups of  8, 7 and 6 years (p<0.001). The older age groups of 
10 and 9 years scored significantly lower on the TMC than the younger age groups of 8, 7 
and 6 years (p<.001).  We observed a consistent decrease for BOT-2 SF (ANOVA, F(4,632) 
= 8.48, p <.001). The effect of age and gender on BOT-2 CF performance was examined 
using a two-factor ANOVA (p=0.05). We found identical mean TMC values for girls and 
boys of all age categories (t(635)=1.77, p=0.08, Cohen's d=0.15). We do not observe the 
same trend for TMC BOT-2 SF, where TMC values for girls and boys are significantly 
different (t(635) = 2.81, p = 0.005). Girls achieve better values. 

  
Predictive Validity for Motor Skills Difficulties 

To determine predictive validity, we used the basic indicators of predictive test 
validity: sensitivity, specificity, likelihood ratio and predictive values for below average 
TMC scores (TMC≤40) and for below average TMC scores (TMC≤30) (Table 3).  In Figure 2, 
the ROC curve graphically depicts the sensitivity and specificity of TMC results. The area 
under the curve, AUC, is 0.92. According to the breakdown used in the literature, a test 
with an AUC above 0.75 can be considered satisfactorily discriminating, and above 0.90 
can be considered excellently discriminating [13]. 
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New Cut-off Point Proposal 
Table 3 contains an expression of the predictive validity values when the cut-off 

point for the diagnosis of DCD was set at 32 points. For setting the optimal cut-off point 
value, we used the method that defines the cut-off point as the value whose sensitivity and 
specificity are the closest to the value of the area under the ROC curve, and the absolute 
value of the difference between the sensitivity and specificity values is minimum [31]. 

 
 

Table 3. Predictive validity of the BOT-2 SF for below average (well-below average) (new cut-off point) 
Total Motor Composite 

Variable Estimated value 
Confidence interval 95 % 

Lower Limit Upper Limit 

Sensitivity 
0.77 (0.77) 

(0.79) 
0.70 (0.62) 

(0.67) 
0.82 (0.87) 

(0.87) 

Specificity 
0.86 (0.94) 

(0.95) 
0.82 (0.92) 

(0.93) 
0.82 (0.92) 

(0.93) 

For any particular test 
result, the probability that it 
will be: 

Positive 
0.32 (0.11) 

(0.12) 
0.29 (0.08) 

(0.10) 
0.36 (0.13) 

(0.15) 

Negative 
0.68 (0.89) 

(0.88) 
0.64 (0.87) 

(0.85) 
0.71 (0.92) 

(0.90) 

For any particular positive 
test result, the probability 
that it is: 

True positive* 
0.70 (0.49) 

(0.63) 
0.63 (0.38) 

(0.52) 
0.75 (0.61) 

(0.73) 

False Positive 
0.30(0.51) 

(0.37) 
0.25 (0.39) 

(0.27) 
0.37 (0.62) 

(0.48) 

For any particular negative 
test result, the probability 
that it is: 

True Negative# 
0.90 (0.98) 

(0.98) 
0.87 (0.97) 

(0.96) 
0.92 (0.99) 

(0.99) 

False Negative 
0.10 (0.02) 

(0.02) 
0.08 (0.01) 

(0.01) 
0.13 (0.03) 

(0.04) 

Likelihood Ratios: 
Positive conventional LR+ 

5.50 (13.41) 
(15.67) 

4.87 (11.16) 
(13.46) 

6.21 (16.10) 
(18.24) 

Negative conventional LR- 
0.27 (0.25) 

(0.22) 
0.23 (0.18) 

(0.17) 
0.31(0.33) 

(0.28) 
* Positive predictive value, # Negative Predictive Value 
 
 

 

 
 
Figure 2. Receiver Operating Characteristic curve for the BOT-2 SF  
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Table 4. BOT-2 CF and BOT-2 SF Feasibility 

Category BOT-2 CF BOT-2 SF 

Administration Time* (3) More than 20 minutes. (2) 10 - 20 minutes. 

Equipment  (3) Test set with purchase cost. (3) Test set with purchase cost. 

Space* (3) More than 10 meters, gym. (2) Ordinary room  6 - 10 m. 

Assessment type (1) Product. (1) Product. 

Items (3) 53 test items > 12 items  (3) 19 test items > 12 items  

Evaluator training (2) Half a day to one and a half days. (2) Half a day to one and a half days. 

Qualifications required  
(2) Able to be delivered by any 
qualified staff. 

(2) Able to be delivered by any 
qualified staff. 

Commonness of tasks 
(1) Tasks usual for Europe, in the 
curriculum. 

(1) Tasks usual for Europe, in the 
curriculum. 

Cost-effectiveness of equipment (3) Cost of evaluation kit and license. (3) Cost of evaluation kit and license. 

Time required to complete test 
items** 

(2) 90 - 45 minutes. (1) Less than 45 minutes. 

Point score total  (23) points (20) points 

*Change from poor to average, **Change from poor to good 

 
Feasibility 

In the feasibility point evaluation, BOT-2 CF received a total of 23 points, and BOT-
2 SF received 20 points. Changes in the feasibility of both tools occurred in 4 of the 10 
attributes assessed (Table 4). 

 
 

DISCUSSION 
 

The present study compared and analysed the differences in selected 
psychometric and descriptive characteristics of the German version of the BOT-2 CF and 
BOT-2 SF. To the best of our knowledge, this was the first study evaluating the German 
versions of the BOT-2 in this way. The results of this study are important as providing 
evidence of feasibility and diagnostic qualities of the BOT-2 SF and CF enables researchers 
and practitioners to make evidence-based decisions regarding which tool might be most 
appropriate to use and in what circumstances. Consequently, the current study extends 
the existing literature on the topic of MC in children and adds new insights into 
assessment approaches for MC monitoring during childhood. These findings are in line 
with broader research underlining the role of physical activity for both motor and 
psychosocial outcomes, including its links with anxiety and sleep quality [32] and its 
importance for injury prevention in youth sport [33]. 

 
Precision 

When TMC is assessed by the BOT-2 SF, the overall proportion of children 
categorised in the below average category of  TMC drops from 70.6 % to 67.5%. Similarly, 
Jírovec et al. [34] found lower TMC in Czech school children using the original US version 
of the BOT-2 SF than using BOT- 2 CF.  
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The distribution of the TMC variable shows that significantly fewer individuals 
were rated as well-above average and above average when using BOT-2 SF instead of BOT-
2 CF. Likewise significantly more children were in the well-below average category.  

In general, a screening test such as the BOT-2 SF would be expected to have a 
normal distribution of TMCs across all performance categories and sensitivity at both ends 
of the distribution. We do not find a normal distribution in the BOT-2 CF, where there is a 
ceiling effect in 26 out of 53 test items (the criterion was a coefficient of variation less than 
0.25). The same phenomenon is repeated in selected test items of the BOT-2 SF in the 
German version of the test.  Our findings indicate that the BOT- 2 CF and SF category at the 
high end of the TMC spectrum may not be sufficiently discriminatory for the Czech sample 
[30]. Brahler et al. [11] and Jírovec et al. [32] observed a similar phenomenon in the 
original US test battery. The BOT-2 SF might be a useful tool to reveal mainly delayed but 
not above-average (advanced) psychomotorically developed children.   

The ceiling effect of test tasks should be considered as one of the important criteria 
when selecting test tasks for the BOT-2 SF. In agreement with Carmosino’s et al. [12] 
proposal for the revision of the US selection, a revision of the BOT-2 SF items for the 
German selection would be worth considering as well.  

 
Predictive Validity for Motor Skills Difficulties 

In the TMC well-below average category, the BOT-2 SF shows intermediate 
sensitivity, high specificity, and high accuracy. However, there is a low predictive value of 
a positive test reflecting the likelihood that a child has a truly very below average motor 
score on a positive test. In the category of TMC below average (TMC≤40), where children 
at risk of developmental delay are found, the BOT-2 SF shows a concordant mean 
sensitivity value, and still high specificity and accuracy values. The positive predictive 
value is intermediate.  

When compared with the results of Korean school children [35], where the 
sensitivity for below average TMC is 83% and specificity is 92%, the values for our Czech 
sample are lower. Using the original US BOT-2 SF with a different selection of test items, 
Jírovec et al. [34] found a similar sensitivity of 83%, but an even significantly lower 
specificity of 42.9%. These discrepancies may be the result of using a different version of 
BOT-2 with different normative criteria. They may also be influenced by our use of a larger 
dataset. 

We recorded the highest LR+ values for the BOT-2 SF test for well-below average 
TMC, indicating high confidence in determining below average results. The diagnostic 
power of the BOT-2 SF, assessed by the AUC variable expressing the area under the ROC 
curve, is considered excellentin terms of discriminative ability. Summarizing the above 
results, we reject the nul hypothesis HA0 and accept alternative hypothesis HA1: The BOT-2 
SF provides comparable diagnostic qualities for low MC and for developmental delay and 
risk of DCD as the BOT-2 CF.  We evaluated a new cut-off point of 32 points as the best 
diagnostic point, which offers the maximum sum of sensitivity and specificity values and a 
balance between the probability of false positive and false negative conclusions. The cut-
off represents a more accurate criterion for assessing the risk of DCD using the BOT-2 SF 
test. However, it does not solve the problem of selecting items with a ceiling effect in the 
BOT-2 SF. 

Although the BOT-2 SF showed very good diagnostic values, shifting the cut-off did 
not address the low predictive value of a positive test. Furthermore, we expected the BOT-
2 SF as a screening tool to have good discriminatory properties at both ends of the 
distribution. However, the BOT-2 SF lacked this due to the ceiling effect of the test items. 
We accept the hypothesis HB0: Shifting the cut-off points will not address any differences 
in the psychometric quality of the BOT-2 SF. 
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Feasibility Analysis 
Reducing the number of items in the SF from the original 53 to 19 alternatives 

significantly reduces the total time for performing test items, time for administration and 
evaluation, and space requirements for implementation. This improves the ease of 
measurement. Test availability, including cost-effectiveness pricing, remained unchanged. 

In terms of the evaluation method, the BOT-2 SF allows the evaluation of TMC by 
age and gender, which takes up to 20 minutes. In contrast, the BOT-2 CF evaluation, which 
allows for the assessment and comparison of gross and fine motor skills in addition to 
TMC, 4 motor area composites with 8 subtests I. - VIII., is very time-consuming, with the 
basic evaluation often taking over an hour and the more detailed one over 90 minutes. The 
German version does not offer an automatic evaluation program, so the individual items 
need to be looked up in the manual by using the BOT-2 CF. This requires a minimum of 79 
manual spreadsheet conversions for the basic evaluation of an individual (more detailed 
evaluations e.g., confidence interval, percentile rank, and age equivalent would be even 
more time-consuming). The evaluation is equally challenging in terms of errors of 
inattention. 

Overall, these arguments reduced the feasibility of the BOT-2 CF compared to the 
BOT-2 SF. As the BOT-2 ranked among the more demanding and less practical tools for 
screening investigation [20], we accept the hypothesis HC0 that the BOT-2 SF does not 
show significantly better feasibility for screening investigation than the BOT-2 CF.   

Based on the psychometric and descriptive characteristics of the BOT-2 SF, the 
current research study contributes to the discussion regarding the use of the BOT-2 SF for 
specific purposes. The BOT-2 SF appears to be a suitable tool for use in the school 
environment to assess an individual’s level of motor skills. The BOT-2 SF can be used as 
part of the process of determining eligibility for special educational services and 
occupational therapy or physical therapy needs, and for screening for motor delays. This is 
in line with the recommendations for the BOT-2 SF in the original American version [36]. 
It can also be used for designing and evaluating education programs with emphasis to low 
motor competence. 

Clinically the BOT-2 is useful for assessing people with suspected motor sill 
difficulties, and in injury prevention and rehabilitation with the SF serving as an efficient 
screening tool and the CF providing a more comprehensive, detailed assessment.  

The strengths of this study included (i) the large sample of children and (ii) the use 
of the full German version of BOT-2. Limitations included (i) the limited number of studies 
using the German version of BOT-2 for results comparsion, (ii) possible bias of testing 
results by implementation during the SARS-CoV-2 pandemic. 

  

CONCLUSION 
 
The BOT-2, in short form, is an alternative test to the BOT-2, in complete form, 

which is a suitable assessment tool for motor difficulties, including the risk for 
developmental delay and risk of DCD. Overall, the BOT-2 SF provides lower Total Motor 
Composite values than the BOT-2 CF and classifies significantly more children in the well-
below average category. This is reflected in the low predictive value of a positive test. 
Moving the cut-off point to 32 points increases the selected variables of diagnostic 
qualities for low motor competence. However, even with the new cut-off point, the BOT-2 
SF test's weaknesses as a screening tool will remain the imbalance of the Total Motor 
Composite at both ends of the distribution and the low detection of above-average results. 
The selection of test items for the BOT-2 SF as a screening tool requires revision to exclude 
items that reach the ceiling effect. 

Based on the evaluation of changes in the descriptive attributes, the BOT-2 SF 
shows only non-significant changes in feasibility compared to the BOT-2 CF.  
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