
  143

Adapted Physical Activity Quarterly, 2010, 27, 143-159

© 2010 Human Kinetics, Inc.

Reliability and Validity of the TGMD-2 
in Primary-School-Age Children 

With Visual Impairments

Suzanne Houwen, Esther Hartman, Laura Jonker, 
and Chris Visscher

University Medical Center Groningen

This study examines the psychometric properties of the Test of Gross Motor 

Development-2 (TGMD-2) in children with visual impairments (VI). Seventy-

ive children aged between 6 and 12 years with VI completed the TGMD-2 and 

the Movement Assessment Battery for Children (Movement ABC). The internal 

consistency of the TGMD-2 was found to be high (alpha = 0.71–0.72) and the 

interrater, intrarater, and test-retest reliability acceptable (ICCs ranging from 0.82 

to 0.95). The results of the factor analysis supported internal test structure and 

signiicant age and sex effects were observed. Finally, the scores on the object 

control subtest of the TGMD-2 and the ball skills subtest of the Movement ABC 

correlated moderately to high (r = 0.45 to r = 0.80). Based on the current results, 

it is concluded that the TGMD-2 is an appropriate tool to assess the gross motor 

skills of primary-school-age children with VI.

Visual impairments (VI; best corrected visual acuity ≤ 6/18 in the better eye; 
World Health Organization, WHO, 2007) may act as a constraint, slowing down 
motor skill acquisition and/or leading to qualitatively deviant motor skills (Jan, 
Sykanda, & Groenveld, 1990; Whitall, 2003). Earlier studies indeed showed that 
children with VI generally have inferior motor skill performance compared with 
sighted children (Bouchard & Tetreault, 2000; Houwen, Visscher, Hartman, & 
Lemmink, 2007; Houwen, Visscher, Lemmink, & Hartman, 2008; Reimer, Smits-
Engelsman, & Siemonsma-Boom, 1999). As for children with VI, motor skill 
proiciency is as important for daily living and sports activities as it is for any 
child (Graf et al., 2004; Houwen, Hartman, & Visscher, 2009; Houwen et al., 2007; 
Morgan, Okely, Cliff, Jones, & Baur, 2008); it is crucial that health professionals 
are able to accurately identify the strengths and weaknesses in any child’s motor 
skills to provide appropriate interventions.
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As typically developing children grow older, their motor skill performance 
improves due to maturation, experience, age, and heredity (Branta, Haubenstricker, 
& Seefeldt, 1984; Davies & Rose, 2000). Moreover, sex differences in gross motor 
skill performance have been established in both children and adolescents; the 
performance of boys generally exceeds that of girls, with boys obtaining higher 
object control skill scores (Okely & Booth, 2004; Woodard & Surburg, 1997). The 
observed sex-speciic differences may result from differences in body composition 
during growth and maturation and social inluences on physical activity (Thomas 
& French, 1985); however, motor development in children with VI may progress 
more slowly and differently (Jan et al., 1990; Whitall, 2003), but to date, little is 
known about the actual progression of gross motor skills in this population.

Motor skill performance in children with VI has been measured by various tests, 
such as the Bruininks-Oseretsky Test of Motor Proiciency (Bouchard & Tetreault, 
2000), the Movement Assessment Battery for Children (Movement ABC; Houwen 
et al., 2008), and the Test of Gross Motor Development-2 (TGMD-2; Houwen et 
al., 2007; Houwen et al., 2009; Houwen, Hartman, Visscher, in press). The latter 
test was speciically designed to assess children’s motor skills associated with 
everyday sports and games played in physical education classes. As the TGMD-2 
evaluates performance on locomotor skills and object control skills, it may hence be 
particularly suitable to test the motor skill performance of primary-school-age chil-
dren with VI (Shapiro, Lieberman, & Moffett, 2003). But, like any instrument, the 
reliability and validity of the TGMD-2 irst need to be evaluated in this population 
before it can be recommended as an appropriate means of motor skill assessment.

Reliability refers to the “consistency of scores on a particular instrument” 
(Gliner, Morgan, & Harmon, 2001) and validity to “the degree to which evidence 
and theory support the interpretations of test scores entailed by the proposed uses 
of the test” (American Educational Research Association, AERA, et al., 1999). 
Yun and Ulrich (2002) emphasized that the three distinct approaches to providing 
validity evidence, i.e., (a) content-related evidence, (b) criterion-related evidence, 
and (c) construct-related evidence, are not three different categories of validity but 
that these three categories together provide validity evidence.

Reliability and validity evidence for the TGMD-2 has been reported for typi-
cally developing children (Evaggelinou, Tsigilis, & Papa, 2002; Ulrich, 2000) and 
children with intellectual disabilities (Simons et al., 2008), but given that evidence 
of a measure’s reliability and validity cannot be assumed to generalize across popu-
lations (AERA, 1999; Yun & Ulrich, 2002), it remains to be established whether 
the reported estimates also hold for children with VI. To our knowledge, there is 
only one study to date that reported reliability evidence for the TGMD-2 in this 
population (Houwen et al., 2007). In this study, the performance of 20 children 
with VI attending mainstream primary schools was assessed, and good interrater 
reliability for the total test was found. While these reliability results are satisfac-
tory, internal consistency, intrarater reliability, and test-retest reliability for the 
total TGMD-2 have not been tested. Furthermore, as reliability levels may vary 
for different populations, the reliability of the TGMD-2 for primary-school-age 
children with VI needs further investigation. To date, no studies have investigated 
the validity of the TGMD-2 in children with VI. The aim of this present study 
accordingly was to examine the psychometric properties of the TGMD-2 in children 
with VI at primary school age.
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Method

Participants

The current reliability and validity study was part of a larger project examining 
the motor skills, physical itness, and physical activity of children with VI. Part 
of the children participating in the current study participated also in other studies 
(Houwen et al., 2008; Houwen et al., 2009; Houwen et al., in press). Participants 
were 75 children with VI attending either special-needs or mainstream primary 
schools. Children were included if they were between 6 and 12 years of age, were 
diagnosed with VI (best corrected visual acuity ≤ 6/18 in the better eye; WHO, 
2007), and had no other known impairment(s) that could interfere with the aim 
of the study. Recruitment was conducted through Visio and Sensis, two regional 
organizations in the Netherlands, providing special education for children with VI 
or ambulant educational support (i.e., visiting teachers and resource services) for 
children with VI and their teachers at mainstream schools. The children’s parents 
gave informed consent for their children’s participation and all study procedures 
were in accordance with the ethical standards of the Faculty of Medical Sciences 
of the University Medical Center Groningen, University of Groningen.

To establish interrater reliability, two examiners independently rated the video 
recordings of the TGMD-2 performance of 50 of the children. To determine its test-
retest reliability, a subsample of 23 children was tested twice by the same examiner 
over a 2-week interval, with each child performing the two measurements on the 
same weekday and at the same time of day. For the intrarater reliability study, 
another group of 25 children was recruited whose videotapes were scored twice by 
the same examiner with an interval of one month, an interval we considered long 
enough to minimize the examiner’s memory bias. For the internal consistency and 
validity analyses, the data of the two groups of children were combined resulting 
in a total sample of 75 children.

The demographic data of all participating children are listed in Table 1. The 
group consisted of 29 girls and 46 boys. Of these 75 children, eight children attended 
special-needs schools and 67 children attended mainstream primary schools. Seventy-
one children were Caucasian while four were of Asian descent. Socioeconomic 
status (SES) was based on the participant’s residential postal code. The VI data were 
extracted from the children’s medical records. Children were classiied as having 
severe VI when their visual acuity was less than 20/200 (0.10 with correction; i.e., the 
visual acuity of the better eye at 20 ft is equal to what a child without VI can see at a 
distance of 200 ft) but greater than 20/400 (0.05). When visual acuity was less than 
20/60 (0.30) but more than 20/200 with correction this was denoted as moderate VI.

Measures

Test of Gross Motor Development-2 (TGMD-2). The TGMD-2 (Ulrich, 2000) 
is a qualitative measure to assess the gross motor skills of children aged 3–10 
years. The 12 skills tested are subdivided into two skill areas: locomotor skills 
(run, gallop, hop, leap, horizontal jump, and slide) and object control skills (two-
hand strike, stationary bounce, catch, kick, overhand throw, and underhand roll). 
Participants execute each skill twice. To indicate skill performance qualitative 
performance criteria (three to ive, depending on the skill) are scored, with 1 
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indicating its presence and 0 its absence. If a skill is assessed using three perfor-
mance criteria, the raw scores can thus vary between 0–6. The highest raw total 
subtest score for the locomotor as well as the object control skills is 48.

Movement Assessment Battery for Children (Movement ABC). The Movement 
ABC (Henderson & Sugden, 1992) is a test battery designed for the assessment 
of the everyday motor competence of children aged 4–12 years. There are four 
age-related item sets (age band 1: 4–6 years, age band 2: 7–8 years, age band 3: 
9–10 years, and age band 4: 11–12 years), each consisting of eight items, with 
three items measuring manual dexterity, two ball skills, and three static and 
dynamic balance. The items are scored 0–5, 0 being the optimal score. The test 
has acceptable validity and reliability (Henderson & Sugden; Smits-Engelsman, 
Fiers, Henderson, & Henderson, 2008). We tested the instrument’s test-retest reli-
ability in a pilot-study with 15 6-to-12-year-old children (10 boys, 5 girls) with 
VI (none of whom were included in the current study). Five children had severe 

Table 1 Demographic Data for the Participating Children per Test 

Conducted (N = 75)

Assessment    
of interrater 

reliability
(n = 50)

Assessment 
of test-retest 

reliabililty
(n = 23)

Assessment 
of intrarater 

reliability
(n = 25)

Assessment 
of validity 

and internal 
consistency 

(n = 75)

Age (yrs)

 Mean (SD) 8.3 (1.8) 8.8 (2.1) 8.8 (1.8) 8.5 (1.8)

 Range 6–12 6–12 6–12 6–12

Sex, n (%)

 Female 20 (40) 7 (30) 9 (36) 29 (39)

 Male 30 (60) 16 (70) 16 (64) 46 (61)

Ethnicity, n (%)

 Caucasian 46 (92) 22 (96) 25 (100) 71 (95)

 Asian 4 (8) 1 (4) 0 (0) 4 (5)

Education,  n(%)

 SpEd 8 (16) 8 (35) 0 (0) 8 (11)

 MainsEd 42 (84) 15 (65) 25 (100) 67 (89)

SES, n (%)

 Lower SES 22 (44) 13 (57) 7 (28) 29 (39)

 Medium SES 19 (38) 7 (30) 12 (48) 31 (41)

 Upper SES 9 (18) 3 (13) 6 (24) 15 (20)

Degree of VI, n (%)

 Moderate 30 (60) 16 (70) 18 (72) 48 (64)

 Severe 20 (40) 7 (30) 7 (28) 27 (36)

Note. SpEd = special education; MainsEd = mainstream education; SES = socioeconomic status; 
VI = visual impairment.
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VI and 10 had moderate VI. We found the Movement ABC test-retest reliability 
over a 2-week interval to be good (ICC > 0.80).

Procedure

All test sessions were conducted by two human movement scientists, both ade-
quately trained in the use of the tests. The principal examiner had earlier evaluated 
TGMD-2 and Movement ABC outcomes of more than 200 children, while the 
second examiner was thoroughly trained in the two tests before the data collection 
(training included familiarization with all procedures and scoring methods and the 
viewing and scoring of existing video-recordings of test sessions).

The children performed the TGMD-2 and Movement ABC individually at the 
school gym with their performance being videotaped throughout. Both tests had 
been slightly adapted to meet the needs of our target group. Care was taken that 
none of the modiications involved changes likely to inluence the actual motor 
skills required to complete the task. The adaptations included the use of brightly 
colored materials that contrasted sharply (e.g., bright yellow balls in the object 
control test). If appropriate, the children were also allowed to feel the items before 
performing the task. When necessary, the examiner let the child “feel” the required 
movement and gave additional instructions before the actual test.

Data Analysis

Reliability. Internal consistency of the locomotor and object control subtests was 
established by calculating Cronbach’s alpha, corrected item-total correlations, and 
interitem correlations. The resultant alpha (if an item was deleted) was determined. 
A Cronbach’s alpha of 0.70 was considered acceptable and item-total correlations 
were set at > 0.30 (Nunally, 1978; Nunally & Bernstein, 1994). A high interitem 
correlation (> 0.80) is an indication of redundancy and is therefore undesirable. 
In contrast, if all correlations are near 0, there is no meaningful construct.

Interrater, intrarater, and test-retest reliability were assessed using the intraclass 
correlation coeficient (ICC) and the Bland and Altman method simultaneously 
(Rankin & Stokes, 1998). The dependent variables were the locomotor and object 
control subtest raw scores. The ICC gives a relative index of the ratio of variance 
among participants to the variance among participants plus error variance. As an 
indication of reliability the ICC (model 2,1) also accounts for all the (systematic 
and random) variance in the measurements. Ninety-ive percent conidence intervals 
(95% CI) were determined for all the ICCs (Rankin & Stokes, 1998). There are 
no universally accepted criteria for reliability coeficients, but we have adopted 
the often used criteria recommended by Fleiss (1999) that consider ICCs of ≥ 0.75 
excellent, < 0.40 are poor, and those between these two ranges moderate to good.

The Bland and Altman method consists of several analyses that are designed to 
detect differences between measurements. An estimate of the strength of any bias 
in the measurement is obtained by calculating the 95% CI for the mean difference, 
using the standard error of the mean difference. If zero fell within the 95% CI of 
the mean difference, we concluded that no bias existed between the measurements 
(Rankin & Stokes, 1998). The Bland and Altman method also includes the forma-
tion of plots. The differences between measurement 2 and 1 (2 minus 1) are plotted 
against the average of test measurement 1 and 2, i.e., the mean. The possibility of 
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heteroscedasticity was addressed by computing the Pearson’s correlation coeficient 
of the absolute differences (i.e., ignoring any sign) between measurements 2 and 
1 and the mean of the two test measurements.

Validity. The construct validity of the TGMD-2 was addressed, i.e., the degree to 
which the underlying traits of a test could be identiied and the extent to which these 
traits relect the theoretical model on which the test is based (Streiner & Norman, 
1996). Given that the TGMD-2 has a proposed factor structure (Ulrich, 2000), we 
employed conirmatory factor analysis (CFA) to empirically test the validity of 
this factor structure in the study sample. CFA using maximum likelihood estima-
tion methods was conducted on correlation matrices using LISREL 8.51 (2001).

The goodness-of-it of the model was assessed using several criteria: chi-square, 
chi-square/Df ratio, the goodness of it index (GFI), and the root-mean-square error of 
approximation (RMSEA). A nonsigniicant p value for chi-square means that there is 
no reliable difference (i.e., the model is a good representation of the data) between the 
sample matrix (i.e., the data) and the itted matrix (i.e., the model) and thus provides 
evidence in favor of the model under investigation (especially in smaller models). With 
regard to the chi-square/Df ratio, a value close to 1 indicates that the model is correct 
(Byrne, Shavelson, & Muthén, 1989). Typically, RMSEA values at or below 0.08 are 
considered acceptable and values at or below 0.05 good (e.g., Browne & Cudeck, 
1992). Generally, a GFI value greater than 0.90 is indicative of a good model it.

Evidence of the construct validity of the test’s capacity to detect developmental 
changes in motor skill performance should be supported when performance on 
the TGMD-2 is correlated with chronological age. We adjusted the TGMD-2 raw 
scores for variables that differed among the categories (sex) and variables that 
might affect motor skill performance (degree of VI). Therefore, partial correlation 
analyses were used to examine the relationship between age and locomotor and 
object control raw subtest scores. To determine sex-speciic performance, we used 
analysis of covariance (ANCOVA) with age and degree of VI as covariates. All the 
assumptions for this parametric analysis were met.

In addition, we analyzed the convergent validity (criterion-related evidence for 
validity) of the TGMD-2, which indicates the relationship between test scores and 
outcome criteria that are analyzed at the same time (Morgan, Gliner, & Harmon, 
2001). Convergent validity of the object control subtest was addressed by examin-
ing Spearman Rho correlations between the object control subtest of the TGMD-2 
and the ball skills subtest of the Movement ABC. The analyses were conducted 
separately for the four age bands (6, 7–8, 9–10, and 11–12 years) because the 
Movement ABC has different formats for each age band. The analyses were also 
additionally adjusted for degree of VI. Data analysis was conducted using SPSS 
for Windows 15.0 and the signiicance level was set at 0.05.

Results

Reliability

Cronbach’s alpha for the TGMD-2 locomotor subtest was 0.71 with alpha ranging 
from 0.61 to 0.68 if an item was deleted. For the object control subtest this was 
0.72 with alpha ranging from 0.63 to 0.71 if an item was deleted. Item-total cor-
relations ranged from 0.36 to 0.54 for the locomotor items and from 0.30 to 0.54 
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for the object control items. Interitem correlations ranged from 0.11 to 0.45 (with 
mean interitem correlation of 0.29) for the locomotor items and from 0.14 to 0.51 
(with mean interitem correlation of 0.30) for the object control items.

Table 2 shows the ICCs and corresponding 95% CIs for interrater, intrarater, 
and test-retest reliability. The range of the values was 0.82 to 0.95. Excellent levels 
for all three reliability measures were seen for both subtests (Fleiss, 1999).

Table 3 shows the between-raters and the within-rater means and SDs for the 
locomotor and object control subtests at the irst and second assessment, as well 
as the mean difference and SD

diff
, standard error, and 95% CIs of the mean differ-

ence. The analysis of the interrater, intrarater, and test-retest reliability according 
to the Bland and Altman method showed that the mean differences between the 
two measurements were low and that there was no systematic bias for either the 
locomotor or the object control subtests.

Figures 1 and 2 show the Bland and Altman between-raters and within-rater 
plots, respectively, while Figure 3 comprised the Bland and Altman plots for the 
test-retest data. With regard to interrater reliability, the plots demonstrated a roughly 
equal distribution above and below the zero line for the TGMD-2 object control 
subtest. For the locomotor subtest, there were slightly more values below than 
above the zero line, suggesting that the second examiner had allotted somewhat 
higher scores than the irst examiner. In regard to the intrarater reliability results, 
there were slightly more values above than below the zero line for the locomotor 
subtest, suggesting that the examiner’s irst round of ratings were somewhat higher 
than the second round. The opposite was seen for the object control subtest. For the 
test-retest data, the plots demonstrated a roughly equal distribution above and below 
the zero line for the locomotor subtest. For the object control subtest, there were 

Table 2 Intraclass Correlation Coefficients (ICC) and 95% 

Conidence Interval (95% CI) for Interrater Reliability (n = 50), 

Intrarater Reliability (n = 25), and Test-Retest Reliability (n = 23) 

of the Two TGMD-2 Subtests and the Total Test

ICC 95% CI

Interrater reliability

 Locomotor 0.82 0.70–0.90

 Object control 0.93 0.88–0.96

 Total test 0.89 0.81–0.93

Intrarater reliability

 Locomotor 0.85 0.69–0.93

 Object control 0.93 0.84–0.97

 Total test 0.95 0.88–0.98

Test-retest reliability

 Locomotor 0.86 0.70–0.94

 Object control 0.87 0.72–0.94

 Total test 0.92 0.82–0.91

Note. TGMD-2 = Test of Gross Motor Development-2.
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slightly more values below than above the zero line, suggesting that performance 
was slightly better during the second test session than during the irst test session. 
The Pearson’s correlation coeficients between the absolute difference between 
measurements 2 and 1 and the mean of the two measurements were low and not 
signiicant (p > 0.05) for all three reliability measures.

Construct Validity

The it indices showed a suficient it: Chi-square (Df = 53) = 79.55, p = 0.01, Chi-
square/Df ratio = 1.50, RMSEA = 0.07, GFI = 0.85. As is displayed in Figure 4, all 
factor loadings were statistically signiicant (p < 0.05) and they ranged from 0.32 to 
0.76. In addition, the correlation between the two factors yields a high positive value 
(0.81). The construction of an alternative model in which correlations between error 
terms for certain items were allowed did not result in substantial improvements in it.

There were signiicant partial correlations between age and the locomotor (r 
= 0.36, p = 0.002) and object control (r = 0.53, p < .001) subtests, with the older 
children performing better than the younger children. ANCOVA showed a signiicant 
effect for sex in the object control subtest, F(1, 71) = 8.54, p = 0.005, but not in 
the locomotor subtest, F(1, 71) = 0.03, p = 0.855, with the boys doing better than 
the girls on the object control subtest. Age was also a signiicant covariate for both 
the locomotor and object control subtests: F(1, 71) = 10.61, p = 0.002; F(1, 71) 
= 27.55, p < .001, respectively. The degree of VI exerted no signiicant effect as a 
covariate on the locomotor and object control scores: F(1, 71) = 0.22, p = 0.644; 
F(1, 71) = 2.44, p = 0.123, respectively.

Table 3 Results of the Bland and Altman Method for the Interrater 

(n = 50), Intrarater (n = 25), and Test-Retest (n = 23) of the TGMD-2

T1 T2 d
SE 
of d 95%CI

M SD M SD M SD

Interrater

Locomotor 31.86 5.24 32.36 5.19 -0.50 3.12 0.44 -1.38–0.39

Object control 29.36 7.43 28.98 7.20 0.38 2.77 0.39 -0.41–1.17

Total test 61.26 10.87 61.34 10.73 -0.08 5.13 0.72 -1.54–1.38

Intrarater

Locomotor 33.00 4.20 32.48 4.70 0.52 2.43 0.49 -0.48–1.52

Object control 30.96 7.21 30.92 6.39 0.04 2.61 0.52 -1.12–1.12

Total test 63.40 9.63 63.96 10.16 0.56 3.29 0.66 -0.86–1.92

Test-Retest Reliability

Locomotor 31.00 7.79 30.83 7.44 0.17 4.06 .85 -1.58–1.93

Object control 28.30 9.41 29.70 7.97 -1.39 4.47 0.93 -3.32–0.54

Total test 59.30 16.28 60.52 13.94 -1.22 6.07 1.27 -3.84–1.41

Note. M = mean; SD = standard deviation; T1 = measurement 1; T2 = measurement 2; d = difference 
between measurements; SE of d = standard error of measurements; CI = conidence interval.
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Figure 1 — Bland and Altman plots for interrater reliability of the TGMD-2 locomotor 
subtest (Panel A) and the TGMD-2 object control subtest (Panel B). The dotted lines indicate 
the limits of agreement (± 1.96 SD).
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Figure 2 — Bland and Altman plots for intrarater reliability of the TGMD-2 locomotor 
subtest (Panel A) and the TGMD-2 object control subtest (Panel B). The dotted lines indicate 
the limits of agreement (± 1.96 SD).
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Figure 3 — Bland and Altman plots for test-retest reliability of the TGMD-2 locomotor 
subtest (Panel A) and the TGMD-2 object control subtest (Panel B). The dotted lines indicate 
the limits of agreement (± 1.96 SD).
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Convergent Validity

For age bands 1 and 4, the Spearman Rho correlation coeficient for the TGMD-2 
object control subtest and the Movement ABC ball skills subtest indicated a strong 
relationship between the two measures (r

s
 = 0.80, p = 0.006 and r

s
 = 0.76, p = 0.007, 

respectively). For age bands 2 and 3, the correlations were fair (r
s
 = 0.57, p = 0.001 

and r
s
 = 0.45, p = 0.040, respectively).

Discussion

In our study we examined the psychometric properties of the TGMD-2 to establish 
its suitability to assess the gross motor skills in primary-school-age children with VI.

Reliability

The internal consistency of the TGMD-2 was found to be high and the inter-
rater, intrarater, and test-retest reliability acceptable. Our inding that the ICCs 
for intrarater reliability were generally somewhat higher than those for interrater 
reliability is in line with the literature (Portney & Watkins, 1993); it is more likely 
that an individual examiner will agree more consistently with him or herself than 
with other examiners. The variability in the ratings of the two examiners may be 
attributable to individual differences in interpretation of the scoring criteria and 
the instructions for particular items (Parkkinen & Rintala, 2004).

Although our trial in children with VI showed that the overall reliability 
of the TGMD-2 was satisfactory, superior values were obtained in populations 
without VI (Simons et al., 2008; Ulrich, 2000). Direct comparison of results is, 
however, dificult due to the differences in the statistical analysis methods applied. 
In their reliability studies, Simons and colleagues and Ulrich computed Pearson 
and Spearman correlation coeficients, while in the current study we used ICCs in 
combination with the Bland and Altman method, both considered the more stringent 
procedures and hence generating lower values than those obtained with Pearson 
and Spearman correlation coeficients. The Bland and Altman analyses revealed 
large interindividual variability, which is likely the result of the large age range 
and the heterogeneity (typical of VI populations) of our sample.

Validity

Two earlier studies investigated the test’s underlying structure in typically develop-
ing children and found support for a two-factor model (Evaggelinou et al., 2002; 
Ulrich, 2000). We found this model to it suficiently well, although the results we 
obtained should be interpreted with caution given the relatively small sample size. 
The underlying factor structure of the TGMD-2 may uncover that the pattern of 
strengths and weaknesses in the motor skill performance of children with VI may 
be more complex and that a simple discrimination between locomotor and object 
control performance does not sufice.

The signiicant correlations between age and the locomotor and object control 
subtest scores we found were lower than the ones Ulrich (2000) reported for typi-
cally developing children. Possibly, the qualitative level of gross motor performance 
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of children with VI is lower than that of typically developing children (Houwen et 
al., 2007). In addition, the development of these skills may be slowed in children 
with VI (Jan et al., 1990; Whitall, 2003). Alternatively, our results may have been 
affected by the disproportion in the age groups and our relatively small sample size. 
Nevertheless, our results still suggest that the TGMD-2 has suficient validity to 
assess age-related development of gross motor skills in children with VI.

The object control scores revealed sex-related differences, with the boys having 
higher scores than the girls, conirming the notion that performance in this area 
differs between the sexes (Okely & Booth, 2004; Woodard & Surburg, 1997) and 
supporting the validity of the TGMD-2 as a tool that distinguishes between the two 
groups. Our results suggest that especially girls with VI need encouragement and 
dedicated practice for optimal development of these speciic skills.

Adjustment for degree of VI did not change the effects of age and sex on the 
TGMD-2. Although it is logical to assume that the severity of the impairment 
would play a major role in the ability to perform motor skills, there is no clear, 
linear relationship between the two, which was also corroborated by the absence 
of performance differences on the TGMD-2 between 6-to-11-year-old children 
with moderate and those with severe VI in our earlier study (Houwen et al., 2007); 
however, the homogeneity with regard to the degree of VI within the sample may 
account for the lack of an association between severity of VI and the TGMD-2 
scores.

The results of our convergent validity study, with a mean correlation between 
the two subtests of 0.65, indicate that the object control subtest of the TGMD-2 and 
the ball skills subtest of the Movement ABC measure a similar construct. Although 
a correlation of this magnitude supports the convergent validity of the two tests, 
it should also be noted that a substantial part of the variance on one test cannot be 
explained by the scores on the other test. A major drawback to criterion validity 
is the problem of identifying and then being able to measure a suitable criterion 
(Morgan et al., 2001).

Study Limitations

In the current study, we used video-based performance assessments to determine 
the reliability of the test under review, which has the advantage that task perfor-
mance can be scrutinized repeatedly and at leisure. Video assessments, however, 
have the drawback that the recordings show the child’s performance from a single, 
ixed vantage point without the experimenter being able to choose the best possible 
viewpoint (Smits-Engelsman et al., 2008). Although we recognize the inherent 
limitation of the use of video recording, nevertheless, we also believe that the 
advantages of videotaping (stability of measurements and easy scoring) outweigh 
the disadvantages.

Another point of attention is the use of two raters. We might have obtained 
more generalizable results if we had chosen to involve more raters. The use of a 
larger number of raters could reduce the potential for the effects of between-rater 
variance on the precision of ICCs (Saito, Sozu, Hamada, & Yoshimura, 2006). 
Nevertheless, most other studies examining the interrater reliability of the TGMD-2 
also used two raters (Butterield, Angel, & Mason, 2008; Pollatou, Karadimou, & 
Gerodimos, 2005; Simons et al., 2008).
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We have not addressed content-related validity evidence for the TGMD-2. 
For motor skills to pass the criterion of functionality, they must be usable in daily 
activities, including physical education and after-school leisure activities (Sherrill, 
2004). Clinicians and educators should question whether a child with VI uses a 
certain skill in daily activities or play and sport situations. It has been suggested 
that the TGMD-2 may be particularly suitable to test the motor performance of 
primary-school-age children with VI (Shapiro et al., 2003).

Finally, we also tested 11- and 12-year-olds, an age group that falls outside 
the suggested age-range for TGMD-2 test application. Using raw scores rather 
than standardized scores allowed us to include these data in our analyses. As none 
of the children over age 10 obtained maximal scores, including their data did not 
induce ceiling effects.

Conclusion

By speciically focusing on children with VI between the ages of 6 and 12 years, 
the current study adds to the existing evidence of the reliability and validity of the 
TGMD-2 in testing gross motor skill performance in children and young adoles-
cents. Based on our indings, we conclude that the TGMD-2 is an appropriate tool 
to examine the gross motor skills in this population. Nevertheless, additional studies 
using larger samples are needed before any deinitive conclusions can be drawn.
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