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Introduction: Occupational therapists routinely assess children’s visual perceptual and visual-motor integration skills. To determine 
visual perception and visual-motor integration dysfunction, occupational therapists use standardised visual perceptual assessment 
instruments. For accurate results, the norms used to evaluate the outcomes of the tests need to reflect the ability of the population 
on which they are used. 

This study aimed to determine the comparison of scores for a sample of 6 to 9 year old South African children attending schools in 
middle socio-economic urban areas, to American norms on standardised visual perceptual tests – the Test of Visual Perceptual Skills 
Third Edition (TVPS-3), the Developmental Test of Visual Perception - Third Edition (DTVP-3) and the Developmental Test of Visual-
Motor integration - Sixth Edition (Beery VMI-6). 
Method: A cross-sectional, quantitative design was utilised. Forty-eight children aged 6 years 0 months to 9 years 11 months participated 
in the study. The TVPS-3, DTVP-3 and Beery VMI-6 were administered to each participant as prescribed. 
Results: The scores for the typical children fell within the American norms reported for all three tests. The DTVP-3, TVPS-3 and Beery 
VMI-6 were found to show little convergence in the scores but exhibited adequate internal consistency for the South African sample. 
Conclusion: The scores on the DTVP-3, TVPS-3 and Beery VMI-6 for South African children were similar to the American norms in 
identifying visual perceptual and VMI dysfunction and are suitable for use with children attending schools in a middle socio-economic 
urban area.

INTRODUCTION
Deficits in visual perceptual and visual-motor integration have been 
found to hinder a child’s ability and independence in categories of 
occupation1,2. Various research studies have highlighted the impact 
of visual perception and visual-motor integration dysfunction on 
a child’s scholastic skills, including handwriting, mathematics and 
reading skills, as well as executive function3,4. Visual perception and 
visual-motor integration dysfunction may also compromise a child’s 
ability to complete activities of daily living, as children may find it 
challenging to dress independently when having to do up buttons 
or zips and tie shoelaces. In recreation and leisure activities a child 
with deficits in visual perception and visual-motor integration may 
find competing in games and sport and doing construction activities, 
such as building puzzles, difficult5.

In order to provide evidence-based measurement, paediatric 

occupational therapists have traditionally used a variety of norm-
referenced standardised tests in their practice to evaluate and 
report on treatment outcomes for children with visual perception 
and visual-motor deficits6. The tests that are routinely used in oc-
cupational therapy to assess visual perceptual and visual-motor 
integration skills in school going children7-9, include the Develop-
mental Test of Visual Perception Third Edition (DTVP-3)10, the 
Beery-Buktenica: Developmental Test of Visual-Motor Integration 
- Six Edition (Beery VMI-6)11 and the Test of Visual Perception skills 
- Third Edition (TVPS-3)12.

Therapy treatment goals, outcomes, and decisions about in-
tervention in various occupational performance areas (including 
education) are based on all or part of the scores obtained from 
standardised tests. It is therefore desirable to ensure that these 
decisions are based on norms for visual perception and visual-motor 
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integration skills that apply to South African children13.  However, 
these tests have been standardised based on data from children in 
America to assess abilities. International research in Hong Kong, 
Thailand, China and Canada indicates that the use of these norms 
to interpret performance on the DTVP-3, Beery VMI-6 and TVPS-
3 should be evaluated and cognisance taken of any differences in 
children in other countries or socioeconomic circumstances1,14-17. 
International researchers have suggested that standardised tests18, 
need to be validated in other settings and with different client groups 
before attempting to generalise the acquired results.   

Published studies on the DTVP-3, Beery VMI-6, and TVPS-3 
for children in South Africa are limited and restricted to specific 
age groups19,20 or older versions of the tests21-23. Therefore, it is not 
known if the present test norms for these tests are valid in iden-
tifying visual perception and visual-motor integration dysfunction 
for children in foundation phase education in this country. Other 
aspects of reliability have also not been established for these tests for 
South African children. This is concerning as therapists’ confidence 
in the value of the tests to identify deficits is usually founded on the 
existing normative data for these tests13,14 Norm-referenced stan-
dardised tests, therefore, need to be evaluated to establish whether 
published norms are relevant in other specific contexts19, 20, 24, 25. 

LITERATURE REVIEW
Visual perception is considered a primary component in the de-
velopment of cognition, acquiring new skills and many daily tasks5. 
Visual perception is assessed by considering two highly interrelated 
processes26, motor-reduced visual perception and motor-enhanced 
visual perception. Motor-reduced visual perception has been 
described as the capability of the brain to make meaning of and 
comprehend what the eyes see12. It involves the ability to perceive 
and notice forms, objects, colours and additional attributes, as well 
as the precise judgment of objects based on the length, breadth, 
shape and orientation in space27. Motor-enhanced visual perception 
is often referred to as visual-motor integration where hand move-
ments are coordinated with eye movements in copying writing, 
typing and other activities requiring fine motor ability in conjunction 
with a visual perceptual component10.

Standardised tests, such as the TVPS-3, can be used to assess 
motor-reduced visual perceptual skills, while the VMI-6 includes 
motor-enhanced skills. The DTVP-3 has subtests, which assess both 
motor-reduced and motor-enhanced visual perception. Both the 
TVPS-3 and the DTVP-3 consist of subtests which address theoreti-
cal constructs of visual perception11. These constructs comprise 
the ability to: Orient the body in space and to discern the relative 
position of objects (spatial relations); distinguish the characteristics 
of different items such as colour and shape (visual discrimination); 
differentiate between objects in the foreground from those in the 
background (figure ground); recognise the entire shape when only 
segments of the object are presented (visual closure) and identify 
an object following a short time lapse (visual memory). Form con-
stancy on the other hand, involves identifying the main features of 
forms even though the forms may be darker, lighter, larger, smaller, 
rotated, shaded or textured28. The scores for the subtests which 
assess these constructs are combined into overall scores for the 
TVPS-3 and the DTVP-3, while the VMI-6 provides one score for 
visual-motor integration with the possibility of adding scores from 
supplemental tests: a visual perception test that is motor-reduced 
and a motor co-ordination test that is motor-enhanced10-12. The 
authors of the Beery VMI-6 proposed various hypotheses to sup-
port elemental constructs; namely, chronological age, part-whole 

hierarchy, part-whole inter-correlations, intelligence, self-regulation 
and executive function as well as academic achievement, and all 
of these have been found to be useful predictors of scholastic 
performance4,29,30. 

A standardised test has unvarying procedures for adminis-
tration and scoring31. The use of standardised testing to assess 
visual perception has several advantages which include providing 
an objective score on which to base decisions about the need for 
therapy, evaluating the progress and determining the effectiveness of 
interventions32. However, although the results of standardised tests 
can be understood by a variety of professionals, these results are 
dependent on occupational therapists’ ability to administer the test 
according to a prescribed procedure and their ability to interpret 
the findings according to the criteria described in the test manual. 
No deviation from these procedures should occur even when a 
child has difficulty understanding verbal instructions33. 

Certain other factors such as fatigue, test anxiety as well as the 
unfamiliarity of the therapist, area and assessment materials, can 
also hamper a child’s performance. The therapists must always be 
cognisant of any bias due to contextual differences in the popula-
tion with whom the test is administered, as assessments developed 
mainly on a Caucasian class sample may not be valid when utilised 
with children from different cultural backgrounds32. In selecting a 
standardised assessment tool, occupational therapists need to ex-
amine the goal and purpose of the assessment. Assessments should 
either detail a learner’s abilities and problem areas (descriptive 
measures) or predict which learners may be at risk for difficulties in 
the future (predictive measures). Lastly assessments should record 
progress learners are making over time (evaluative measures)33.

To correctly identify visual perception deficits among children, 
occupational therapists need to be confident that the standardised 
tests they use reflect the norms for the population they are assess-
ing19,20,34.  It has been proposed that the development of children 
from different backgrounds might take place in a different way and 
at a different rate; thus, the development of a child can be misinter-
preted by applying strict age-related norms developed for another 
on all children33. In South Africa, statistics have shown that 6 out 
of 10 children were found to experience deprivation in terms of 
resources and facilitators to learning. This is supported by a study 
which concluded that pre-schoolers from diverse cultural groups 
had dissimilar VMI functioning29. Differences have been reported 
for the VMI-6 between the norms for children in the Canada, South 
Africa, India as well as China1, 17, 35.

Results of research on South African children on the VMI-3 
indicated scores lower than the USA norms for children from dis-
advantaged peri-urban areas. However significantly lower scores 
were only found for children in Grades 1 and 2 and not the higher 
grades21; as was confirmed by Coetzee29. in 2020.  Another South 
African study published the norms of the DTVP-237 for an urban 
South African sample of 5-year-old pre-schoolers which indicated 
variation in the children’s scores in relation to the norms published 
in the manual for children in the USA, particularly for visual closure, 
visual-motor speed and form constancy23. Futhermore, an additional 
South African study found that 5-year-old urban pre-school children 
had scores similar to the normative range in the manual on the 
DTVP-3 and VMI-6, while the scores for the TVPS-3 were lower. 
The figure ground subtest on the DTVP-3 and the form constancy 
and spatial relations subtests on the TVPS-3 had the lowest scores19.  

Standardised tests thus need to have evidence of adequate 
validity and reliability for a given context to indicate whether ap-
propriate and meaningful inferences can be concluded from the test 
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scores36. While the validity of standardised tests is usually reported 
in the manual, indicating the extent to which an assessment battery 
accurately measures what it proposes to measure, the reliability or 
stability of scores reported may differ for various groups36. Con-
vergent validity or the degree of correlation between tests of visual 
perception to establish if they measure the same constructs36 was 
considered in this study to establish if the three standardised tests 
assess similar constructs of visual perception. This study also focused 
on the internal consistency of the constituent items on the TVPS-3, 
DTVP-3, and Beery VMI-6. To establish the degree of agreement or 
commonality between items as a single concept or skill37, measuring 
the internal consistency of each test, Cronbach’s alpha coefficients 
at or above 0.70 are satisfactory, and therapists administering stan-
dardised tests rely on these measurement properties as significant 
indicators of test accuracy, consistency and precision38.  

Internationally, literature has addressed the validity and reliability 
of these standardised tests with research in Australia indicating that 
the DTVP-3 has adequate levels of internal consistency as well as 
moderate levels of convergent validity with that of the Beery VMI-
614. Brown and Hockey39 supported the reliability of the TVPS-3 
which was shown to have moderate convergent validity to the 
visual perceptual (VP) supplementary test of the 5th edition of the 
VMI test. McBain and Taub40 in 2019 reported, with the exception 
of form constancy, the motor-reduced subtests of the TVPS-3 and 
DTVP-3 were comparable. Occupational therapists therefore need 
to be knowledgeable about the origin of standardised tests, the 
reliability of results collected in the standardisation procedure and 
the validation method used to evaluate the tests41.

This study aimed to determine the relevance of the published 
norms in the test manuals, of the TVPS-3, DTVP-3, and the Beery 
VMI-6 for use with South African children by comparing the scores 
obtained by learners aged 6 years 0 months to 9 years 11 months 
attending mainstream schools, to the normative data for the USA 
sample. The effect of demographic variables on the test scores, 
the convergent validity of the three tests and the reliability of the 
tests in terms of the internal consistency of the constituent items, 
for this sample of learners, was also determined.

METHODOLOGY

Study design
A cross-sectional, quantitative design was utilised in this study. 

Population and sampling
Foundation phase learners from Grade 1 to 3 between the ages of 
6 years 0 months and 9 years 11 months were recruited for this 
study.  Fee paying (quintile 4 and 5) mainstream schools in the West 
Rand region of Johannesburg, Gauteng Province, located in an urban 
middle class setting, that fell within District 12, as determined by 
the Gauteng Department of Basic Education, were identified. The 
South African government classifies national schools into five quin-
tiles for the allocation of financial assets42.  Three of these schools 
were selected based on a total number of 360 potential learners 
in Grade 1 to 3 were identified in these schools. A sample size of 
approximately 48 learners was required to be representative of 
the 360 learners according to Cochran’s sample size formula with a 
margin of error of 15% or alpha of 0.1543.  The language of teaching 
and learning at all three schools were both Afrikaans and English. 

For this study, a stratified sampling method of learners was 
used to ensure an equal distribution of learners across the four 
age ranges from 6 years 0 months to 9 years 11 months, with 12 

learners assessed in each age group. 

Measurement instruments

Developmental Test of Visual Perception – Third Edition 
(DTVP-3)
The DTVP-3 test battery consists of five sub-tests: two of which 
are motor-enhanced (eye-hand co-ordination and copying) and 
three which are motor-reduced (figure-ground perception, form 
constancy and visual closure). Test administration time is between 
20 to 40 minutes10. All the subtests yield raw scores which can be 
changed into age equivalents, percentile ranks and scaled scores. 
The test battery was normed using a sample of 1,035 children in 
the USA10. 

The reliability for the composite scores has a Cronbach’s alpha 
of over 0.90, test-retest reliability ranging from 0.70 to 0.85 and 
an inter-scorer reliability that exceeded 0.9010. The validity of the 
DTVP-3 was proven using content-description procedures, criterion 
and construct identification procedures. For the content validity, 
selection of content, formats of the subtests and conventional items 
were reported based on Rasch analysis. The authors reported that 
the content of the DTVP-3 was substantiated by comparison to 12 
test batteries that also evaluated visual perceptual abilities. Lastly, 
the authors made use of Differential Item Functioning (DIF) to 
determine that the subscale items were not prejudiced towards 
certain groups including gender, race, ethnicity and handedness10.

Test of Visual Perceptual Skills – Third Edition (TVPS-3)
The purpose of the TVPS-3 is to evaluate visual perceptual skills 
without the need for motor actions when making a response12. 
The TVPS-3 is divided into seven subtests. Subtests provide raw 
and scaled scores, including an overall score based on the sum of 
scaled sores. Composite scores are available for basic, sequenc-
ing and complex visual processes if the examiner wishes to use 
them. The administration time for the TVPS-3 is appropriately 30 
minutes. The test was standardised on 2,008 children in the 38 
states of the USA12.

The research on the reliability the TVPS-3 reported an internal 
consistency with Cronbach’s alphas ranged from 0.75 to 0.88 for the 
subtests and 0.96 for the entire test. The test-retest reliability for 
the entire test is 0.97 while that for the subtests range from 0.34 to 
0.81. The validity of the TVPS-3 was confirmed by content validity, 
criterion-related validity and construct validity. The items published 
in the TVPS-3 were assessed to determine the discrimination of 
items, as well as item bias reference12.

Beery-Buktenica: Developmental Test of Visual-Motor 
Integration - Sixth Edition (Beery VMI-6)
The function of the Beery VMI-6 is to evaluate the integration of 
visual perception with that of a motor action. The test consists of 
a series of geometric shapes that are copied onto a piece of paper 
using a pencil. The test is administered in 10 to 20 minutes for 
younger children who do not complete all the forms. The Beery 
VMI-6 has two additional supplemental non-obligatory tests for 
visual perception and motor coordination. The test has been re-
vised on five occasions and standardised in America on over 11 000 
children with the VMI-6 standardised on 1.737 children11.

The reliability of the Beery VMI-6 was assessed using, internal 
consistency, standard error of measurement, test-retest reliability 
and lastly the inter-scorer reliability. Rasch analysis was used in the 
evaluation of the content. The results showed high content reli-
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ability and person reliability with the overall group item separation 
being 1.00 and the overall group person separation being 0.96. The 
internal consistency using Cronbach’s coefficient alpha was found 
to be 0.89 and the test-retest coefficient was reported as 0.88 and 
the inter-score reliability was reported as 0.9311. 

The content validity of the Beery VMI-6 and its supplemental 
tests has been strongly substantiated. The Beery VMI-6 was cor-
related with the copying subtest of the Developmental Test of Visual 
perceptual (DTVP-2) and the Drawing subtest of the Wide Range 
Assessment of Visual-Motor Abilities with a moderately high result11.

Ethical considerations
Ethical clearance was obtained from the Human Ethics Research 
Committee at the University of the Witwatersrand (M140648). Per-
mission for the study was received from the Gauteng Department 
of Education and the participating schools’ principals. Information 
sheets were distributed to the parents/guardians. They were asked 
to sign an informed consent and complete a demographic form.  
The parents/guardians of any participant identified with a problem, 
were provided with feedback in the form of a report and informa-
tion on services for further assessment and treatment provided. 
Each learner was asked to give assent to participate, before being 
individually assessed. The researcher used the authentic tests and 
scoring booklets to meet the copyright of the publishing companies.  

Data collection
The assessments at the mainstream schools were conducted in the 
afternoon so as not to interfere with the academic programme. 
The testing was done in a quiet room, with each participant seated 
at an appropriately sized table and chair. The order in which the 
tests were presented was randomised to minimise the impact of 
test-order effect. Test order was randomised by making use of a 
random number generator and the order in which the tests were 
presented was listed in a table according to the code allocated for 
each participant.  The tests were administered in the order dictated 
by this table and all completed assessments were placed in a box.  

The duration of all three of the assessments was approximately 

60 to 90 minutes. A 5 to 10-minute break was given between the 
tests.  The researcher followed the prescribed administration speci-
fications of the instruments as stated in the various manuals10,11,12.  
The problem of inter-rater reliability was eliminated by the use of a 
single administrator. To ensure the confidential recording of results, 
the researcher scored the subtests and converted scores to scale 
and standard scores as well as composite quotients after the data 
collection period. The researcher utilised the correlating tables in 
each of the tests examiner’s manuals to covert the raw scores of all 
the subtests to standard and scale scores for each of the three tests. 

  
Data analysis
Demographic data were analysed using descriptive statistics including 
means and percentages. The participants’ chronological age in years 
and months were computed and 15 days or more were rounded 
off to one month for consistency. This was required to determine 
the participants’ scale and standard scores. Test raw scores were 
converted to mean scaled scores.  Chi-squared tests were used to 
determine difference in the mean scores.  The convergent validity of 
the overall and composite scores was determined using Pearson’s R 
correlation coefficient. The Cronbach’s alpha coefficient was utilised 
to establish the internal consistency of the constituent items of the 
tests. TIBCO Statistica® v13.3 was used to analyse the data44.

RESULTS AND DISCUSSION

Demographics
The sample consisted of 48 children between the ages of six and 
nine years, with 26 (54%) being female and 22 (46%) male. Eng-
lish was the most common language spoken by more than half the 
participants. A third of the participants were White (Table I, above). 

The participants in this study represented various race groups 
but the distribution of participants was not an adequate representa-
tion of the profile of the different racial groups in the South African 
population. All the schools included in the study were fee paying 
schools, which cater for 46% of learners attending public schools in 
Gauteng45. In addition, schools included were located in a middle-
class urban area and the results must be viewed as applicable to 
similar contexts in South Africa45.

Test of Visual Perceptual Skills - Third Edition (TVPS-3)
As indicated in Table II (p9) the overall mean standard score (SS) 
obtained by the South African children (100.31) were comparable 
to those of the American norms (100) as reported in the manual. 
There was slightly less variance in the scores of the South African 
sample due to the small sample size and the standard deviation 
(SD) was 10.42 compared to the SD of 30 used for the TVPS-3 
standardised test. The South African sample obtained a higher score 
for the spatial relations subtest (13.10) and lower scores for the 
visual discrimination (8.81) and the form constancy (8.81) subtests 
compared to the American subtest mean of 10 in the manual. These 
scores were higher than those reported in another South African 
study. (Table II p 8).  

The results support the use of the USA TVPS-3 norms when 
assessing these South African learners aged 6 years 0 months to 9 
years 11 months. The TVPS-3 results indicate that there were dif-
ferences in the mean scale scores of the South African participants 
for the spatial relations, visual discrimination, and form constancy 
subtests on the TVPS-3. The South African participants had higher 
mean scale scores on the spatial relations subtest but lower mean 
scale scores on the visual discrimination and form constancy sub-

Table I: Demographics of the children. 

AGE n(%)

6.0 – 6.11 years 12 (25%)

7.0 – 7.11 years 12 (25%)

8.0 – 8.11 years 12 (25%)

9.0 – 9.11 years 12 (25%)

GENDER:

Male 22 (45.83%)

Female 26 (54.17%)

LANGUAGE TAUGHT IN:

Afrikaans: 19 (39.6%)

English: 29 (60.4%)

ETHNICITY:

White: 32 (66.7%)

Black: 11 (22.9%)

Coloured: 4 (8.3%)

Indian: 1 (2.01%)
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tests. Similar results were found in a study by Brown26 with Austra-
lian primary school learners who also obtained a higher mean scale 
score on the spatial relations subtest (13.24) and lower mean scale 
scores for visual discrimination (8.11) and visual form constancy 
(7.93)26. For younger preschool children in South Africa, Visser and 
Nel19 reported scores lower than the norms for all subtests (Table 
II) on the TVPS-3 including spatial relations, however in compari-
son to their results, which present median scores,  their study also 
indicated below-average scores for form constancy19. These results 
confirm the differences reported in research for different subtests in 
various countries and it can be accepted that the ceilings for these 
subtests may not reflect the ability of the learners in South Africa. 
However, subtests scores recorded still fall within the normal range 
and do not indicate dysfunction in the South African learners.

The Developmental Test of Visual Perception – Third 
Edition (DTVP-3)
The scores obtained by the South African children were normally 
distributed except for the eye-hand co-ordination and copying 
subtests. The South African children obtained a higher score for 
the copying subtest (11.12) and lower scores for the eye-hand 
co-ordination (8.68) subtest compared to the American norms 
with a mean of 10. The composite scores of the South African 
children on the DTVP-3 had standard mean scores between 
99.43 and 100.35 that were comparable with the American 
norms of 100 (Table III, p9).

The mean scale scores of two subtests on the DTVP-3 were 
found to differ in the South African sample from those of the 

American norms: namely eye-hand co-ordination and copying. 
South African participants obtained a lower mean scale score for the 
eye-hand coordination subtest and a slightly higher mean scale score 
for the copying subtest, but these also fell within normal 1SD of the 
USA norms. For younger preschool children in South Africa, Visser 
and Nel19 reported lower median scores for all subtests (Table III 
p 9) on the DTVP-3 with the exception of eye-hand coordination 
which they found to be similar to the American norms. They did 
however also report the highest median score19 for the copying 
subtest. These results confirm that different subtests may not reflect 
the ability of the learners in South Africa. However, subtests scores 
recorded still fall within the normal range and indicate that South 
African learners in the sample in this study fall into a typical range 
for visual perception on in the DTVP-3.

The Developmental Test of Visual-Motor Integration - 
Six Edition (VMI-6)
The South African sample obtained a mean Standard Score of 90.47 
for the Beery VMI-6 which was comparable to the mean of 100 
for USA based norms. Again, there was less variance in the South 
African sample due to the small sample size with a SD below 30 
as reported for the USA sample (Table IV p9). The results for the 
VMI-6 indicated that the mean scores for the South African sample 
are similar to the USA norms and as indicated in Table V  to other 
South African studies. 

Thus, the ceilings in the manuals for the tests can be accepted 
as valid for this urban South African sample. When compared 
to other South African studies a similar standard score of 92.93 

Table II: Mean scores of the Test of Visual Perceptual Skills - Third Edition (TVPS-3) for South African Sample compared to American 
norms (n=48).

TVPS-3: South African sample 
(n=48)

TVPS-3: American 
norms
(n=2,000)

TVPS-3: Visser et al. 
201819 
(n=52)

Variable Mean Scale Score  
(SD)

95% 
Confidence 
intervals

Mean Scale Score 
(SD)

Difference 
between 
means

p 
value

Median Standard 
Score (range)

Visual discrimination
8.81 
(2.80) 7.99 - 9.62 

10  
(3)

-1.19

0.78

7 
(0-12)

Visual memory
10.79 
(4.27) 9.55 - 12.03 

10 
(3)

0.79
7.5 
(0-25)

Spatial relations
13.10  
(3.43) 12.10 - 14.10

10 
(3)

3.1
7 
(0-25)

Form constancy
8.81 
(3.49) 7.79 - 9.82 

10 
(3)

-1.19
6 
(0-25)

Visual sequential 
memory

10.79  
(3.51) 9.77 - 11.81 

10 
(3)

0.79
7 
(0-25)

Figure-ground
9.58 
(3.63) 8.52 - 10.63 

10 
(3)

-0.42
8 
(3-19)

Visual closure
10.02 
(3.32) 9.31 – 11.42

10 
(3)

0.02
7 
(0-18)

Mean  
Standard Score (SD)

95% 
Confidence 
intervals

Mean Standard Score 
(SD)

Difference 
between 
means

TVPS-3 Overall Score 100.31  
(10.42)

97.28 
-103.33

100  
(15)

0.31
85  
(65–118)

Statistically Significant p≤ 0.05*                                                                                                         

SD = standard deviation
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was reported by Coetzee et al29 on a larger South African sample 
more representative of the ethnic groups in the country using the  
VMI-446. Their participants were Grade 3 and 4 learners (mean age 
9.9 years) recruited from Quintile 1-5 schools in the North West 
province. They used pre-trained interpreters to give test results 
to the participants who did not have English as a home language29. 
In another study younger English and Afrikaans speaking preschool 
children obtained a median standard score of 96.0 and 97.5 on the 
VMI-6 respectively19. As with the current study their results also 
fell within the normative range of 85-115.

Differences in scores according to demographic factors
In this study there were no significant differences in the VMI-6 
overall, and sub-test scores on the TVPS-3 and the DTVP-3 for 

age, gender or language. In terms of race, there were no significant 
differences, expect for the motor-reduced composite score on the 
DTVP-3 (p=0.012) and reflect very high scores for two participants 
for the visual closure and form constancy subtests which support 
the findings reported by Brown for a homogeneous middle-class 
sample in Australia14. As for other South African studies no signifi-
cant differences were found for demographic factors and with the 
exception of the two outlying scores the mean scores fell within 
±1SD of the USA norm scores.  This indicates none of the learners 
would be identified as having dysfunction requiring intervention 
and the tests can be considered culture and ethnicity-free for this 
sample of learners. Therapists using the test should be aware of 
possible differences related to cut off points on the DTVP-3 visual 
closure and form constancy subtests. 

Table III: Mean subtest scale scores of the Developmental Test of Visual Perception - Third Edition (DTVP-3) for mainstream group 
compared to American norms (n=48).

DTVP-3: South African sample
(n=48)

DTVP-3: 
American 
norms
(n=1.035)

DTVP-3: Visser 
et al. 201819 
(n=52)

Variable Mean Scale 
Score 
(SD)

95% 
Confidence 
intervals

Mean Scale 
Score (SD)

Difference 
between 
means

p value Median (range)

DTVP-3 Eye-hand  
co-ordination

8.68 
(2.26) 8.03 - 9.34

10  
(3)

-1.32

0.40

9 
(2-14)

DTVP-3 Copying 11.12 
(2.61) 10.36 - 11.88

10 
(3)

1.12
10 
(5-19)

DTVP-3 Figure- ground 10.20 
(2.05) 9.61 - 10.80

10 
(3)

0.2
8 
(2-15)

DTVP-3 Visual closure 9.72 
(2.45) 9.01 - 10.44

10 
(3)

-0.28
8 
(3-19)

DTVP-3 Form constancy 10.25 
(2.05) 9.65 - 10.84

10 
(3)

0.25
9 
(1-18)

Mean 
Standard 
scores (SD)

95% 
Confidence 
intervals

Mean 
Standard 
Scores (SD)

Difference 
between 
means

DTVP-3 Visual-Motor 
integration composite

99.43 (11.80) 96.01 - 102.86 100 (15) -0.57
100.75 
(76-139)

DTVP-3 Motor reduced 
composite

100.35 (9.53) 97.58 - 103.12 100(15) 0.35
89.5 
(65-159)

DTVP-3 General visual 
perceptual composite

99.89 (9.35) 97.17 - 102.61 100 (15) -0.11
94.5 
(73-132)

Statistically Significant p≤ 0.05*                                                                                                                                               

SD = standard deviation

Table IV: Mean subtest standard scores of the Developmental Test of Visual-Motor Integration – Six Edition (VMI-6) for 
mainstream compared to American norms (n=48).

Beery VMI-6: South African 
sample
(n=48)

Beery VMI-6: 
American 
norms
(n=1.737)

Beery VMI-4: 
Coetzee et 
al. 202029 
(n=863)

Beery VMI-6: 
Visser et al. 
201819 
(n=52)

Variable Mean Standard 
Score 
(SD)

95% 
Confidence 
intervals

Mean Standard 
Score (SD)

Difference 
between 
means

p value Mean Standard 
Score 
(SD)

Median 
Standard Score 
(range)

VMI
90.47 
(10.70) 89.8 – 99.7

100  
(30)

5.30 0.87 92.93 (14.80)
96 -97.5 (72-
132)

Statistically Significant p≤ 0.05*                                                                                                                                      

SD = standard deviation



South African  Journal of Occupational Therapy  —  Volume 51, Number 3, DECEMBER 2021

10

© SA Journal of Occupational Therapy

Convergent validity of the TVPS-3, DTVP-3 and Beery 
VMI-6
When the overall scores on the TVPS-3 and DTVP-3 were con-
sidered, a significant moderate correlation (r= 0.59) was found 
for the DTVP-3 motor-reduced composite and the general visual 
perceptual composite scores with the TVPS-3 overall score.

The correlation between the Beery VMI-6, TVPS-3 and DTVP-3 
was low, as was the correlation between the DTVP-3 visual-Motor 
integration composite score and the TVPS-3 overall score. When 
correlations for the subtests were considered, these were all low 
except for visual closure on the TVPS-3 which had a significant 
moderate correlation with the visual closure subtest on the DTVP-
3 (r=0.54) and the DTVP-3 motor-reduced composite (r= 0.50) 
and general visual perceptual composite (r= 0.49) scores (Table 
V above).

The convergent validity for the three tests in this study showed 
moderate correlation between the TVPS-3 overall score and the 
DTVP-3 motor reduced composite scores which supports by the 
findings of McBain and Taub40. This is not unexpected, as the TVPS-3 
is a motor reduced test. The moderate correlation between the 
TVPS-3 overall score and the DTVP-3 general visual perceptual 
composite scores and the low correlation to the DTVP-3 visual-
motor integration composite score could not be confirmed by 
other published studies. The findings do indicate the TVPS-3 and 
the DTVP-3 general visual perceptual section do measure similar 
constructs. When considering the subtests only the visual closure 
subtests of the TVPS-3 and DTVP-3 appear to measure this con-
struct in the same way, with the scores for other similarly named 
tests such as figure-ground and form-constancy having a low cor-
relation indicating different constructs appear to be measured. 

No convergence was found in this study for the TVPS-3 overall 
scores as well as the DTVP-3 composite scores to the VMI-6. The 
lack of convergent validity between the TVPS-3 and the VMI-6 was 
not unexpected as the first assesses motor enhanced visual-motor 
integration and the latter motor-reduced visual perception. The 
results for the DTVP-3 and VMI-6 are similar to those reported 
in Australia by Brown14. Although theoretically the DTVP-3 visual-
motor integration composite scores and the VMI-6 should measure 
similar constructs the lack of correlation between these tests, as 
indicated by Brown14 may be due to the lines the learners need 
to draw. These lines are continuous and in a narrow space on the 

DTVP-3 eye-hand coordination subscale, which may require more 
precision than the copying of shapes on the VMI-6. Lai and Leung47 
also indicated that more visual perceptual skills may also be assessed 
in the DTVP-3 eye-hand coordination subtest.

It was assumed that the motor-enhanced Beery VMI-6 would 
not correlate with the motor-reduced component of the DTVP-3 
and the results for this study confirmed those of Hammill et al.15 

in the DTVP-3 manual for the DTVP-3 motor-reduced composite 
score and the Beery VMI 5th edition. These results differ to those of 
Brown14 who did report a significant moderate correlation between 
the Beery VMI-6 and the DTVP-3 motor-reduced composite score 
in an Australian sample of 6- to 8-year-old children. He attributed 
his findings to a lack heterogeneity in his sample, unlike the sample 
in the current study. 

The internal consistency of the TVPS-3, DTVP-3 and 
Beery VMI-6
In table VI the internal consistency scores obtained for each vari-
able were compared to those reported for each test in the test 
manual10,11,12. The Cronbach alpha scores for the South African 
children were similar to scores (0.76) in the manual for the TVPS-3, 
but were lower for the DTVP-3 and Beery VMI-6 (where scores 
over 0.80 and 0.90 were reported for both tests. (Table VI p11). 

The Cronbach’s alpha coefficients for this study were found 
to be within the acceptable ranges at greater than 0.7048, except 
for general visual perceptual on the DTVP-3. Various reasons are 
suggested for the potential discrepancies found between the Cron-
bach’s alpha coefficients reported in the various test manuals and 
the Cronbach’s alpha coefficients found in this study.  The sample 
size in this study was based on a sample size of 48 participants in 
comparison to the thousands of children used in the standardisation 
of the three tests. Secondly, the variability of data should be taken 
into consideration. Thirdly, geographical location and ethnicity49 can 
affect the internal consistency of a test and the scores for certain 
subtests. Therefore, the verbal translation of Afrikaans instructions 
for the three tests could have changed the meaning of instructions 
influencing the internal consistency.  

LIMITATIONS OF THE STUDY
This study included participants from the West Rand of Johannes-
burg, Gauteng. It therefore just represented one region of Johannes-
burg and one province in South Africa. The majority of participants 
in this study were from a middle-class urban area. The results can 
only be generalised to comparable South African populations. 

The assessments took 60 to 90 minutes to complete, which 
may have challenged the participants’ concentration ability since 
all three tests were done in one session. Furthermore, the tests 
were done after school when the participants’ concentration was 
not always optimal.  

The researcher felt even with re-explanation of some in-
structions that not all the participants were able to follow all the 
instructions. This occurred irrespective of the participants’ home 
language and the language in which the instructions were given. 
As these tests were developed in the United States of America, 
the instructions are written in American English and some of the 
words in the instructions are unfamiliar to the South African learn-
ers. For example: in the TVPS-3 they referred to “designs” and in 
the DTVP-3 copying subtest ‘figures’ instead of shape/form/picture. 
The DTVP-3 form constancy instructions were also not very clear 
to participants. It asks, “Which of the drawings at the bottom are 
like the drawing at the top?” Even though the plural form drawings 

Table V: Correlation of the composite scores for the TVPS-3, 
DTVP-3 and Beery VMI-6) (n=48).

Beery VMI-6 TVPS-3 
Overall 
Score

rho rho

Beery VMI-6 

TVPS-3 Overall Score 0.25

DTVP-3 Visual-Motor 
integration composite

0.10 0.34

DTVP-3 Motor reduced 
composite

0.26 0.59*

DTVP-3 General visual 
perceptual composite

0.21 0.57*

r = 0.2-0.4 low correlation 

r = 0.4-0.6 moderate correlation 

r = 0.6-0.8 high correlation 

r = 0.8-1.0 very high correlation
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were used, participants often did not understand that there could 
be more than one correct answer. 

It is important that a test instrument is accurately adapted or 
translated as it can influence the meaning and test difficulty limiting 
the validity50,51. 

CONCLUSION
This study aimed to determine the relevance of American norms 
in interpreting scores on the TVPS-3, DTVP-3 and Beery VMI-6 
for learners aged 6 years 0 months to 9 years 11 months attending 
schools from a middle class South African context in the Gauteng 
Province. The scores of the sample were compared to the norma-
tive data reported on USA samples in the test manuals.

Considering the results found in this study all three assess-
ments of visual perception; the TVPS-3, DTVP-3 and Beery VMI-6 
showed no significant differences in any of the composite scores 
between the American normative samples compared to a sample 
of South African learners. The study also considered the conver-
gent validity of the three tests as well as the internal consistency 
for the sample of learners. In terms of the internal consistency, 
all three tests had adequate Cronbach’s alpha coefficients of 
greater than 0.70 therefore exhibiting adequate levels of internal 
consistency for this sample of children. Minimal convergent validity 
was found between the TVPS-3, DTVP-3 and Beery VMI-6 with 
only moderate correlations between the subtests of visual closure 
and form constancy on the TVPS-3 and DTVP-3. No convergence 
was found between the Beery VMI-6 and the TVPS-3 and the 
DTVP-3 motor reduced composite scores. Therefore, if motor 
reduced visual perception is to be assessed, either the TVPS-3 
or the DTVP-3 might be suitable. For motor enhanced visual 
perceptual assessment both the DTVP-3 and the Beery VMI-6 
can be considered as suitable assessments.

CLINICAL RECOMMENDATIONS
The TVPS-3 assesses motor-reduced visual perceptual skills only. 
Even though the TVPS-3 gives a bit of background theory on visual 
perception, it did not provide reasoning as to how the assessment 
results can be related to therapeutic or scholastic purposes12. Fur-
thermore, the TVPS-3 also does not report how the assessment 
discriminates different skills52. An additional assessment needs to be 
conducted with this test in order to assess visual-motor integration 
abilities. Overall, the TVPS-3 challenged participant’s concentra-
tion skills as they found the assessment very tiring and effortful12.

The DTVP-3 is able to assess both motor and visual perceptual 
abilities.  Three composite test-scores can be obtained, namely: a 
visual-motor integration composite score, a motor-reduced composite 
score, and a visual-perceptual general composite score10. The partici-
pants were found to focus better when completing this assessment as 
this test alternates between motor and motor-reduced components.  
The DTVP-3 however, had several disadvantages.  Therapists that 
want to make use of this assessment battery need to take note that 
there is no subtest to evaluate spatial perception skills as both the 
spatial relations and position in space subtests were omitted from the 
DTVP-310. Furthermore, the DTVP-3 has also been critiqued for having 
poor ecological validity. This is because the DTVP-3 has not considered 
coherent elements like human factors, the surroundings or conditions 
in which a person lives, and factors of activity participation10. 

The Beery VMI-6 was found to be a valuable assessment battery 
in evaluating visual-motor integration skills11.  

Since the sample in this study was chosen from a specific urban 
area with a middle-class income the results can only be generalised 
to comparable South African populations. Further research on a 
more representative sample of South African learners is required 
as socio-economic status and environmental conditions, have been 
shown to affect the performance on these tests.

Table VI: Internal consistency for TVPS-3, DTVP-3 and Beery VMI-6.

Test of Visual Perceptual Skills – Third Edition (TVPS-3)

Variable Cronbach’s alpha for South African 
children (n=48)

Cronbach’s alpha for American 
samples

TVPS- 3 Visual discrimination 0.76 0.76

TVPS- 3 Visual memory 0.76 0.76

TVPS- 3 Spatial relations 0.77 0.87

TVPS- 3 Form constancy 0.74 0.75

TVPS- 3 Visual sequential memory 0.78 0.78

TVPS- 3 Figure -ground 0.76  0.82

TVPS- 3 Visual closure 0.78 0.82

Total score composite 0.76 0.96

Developmental Test of Visual Perception – Third Edition (DTVP-3)

DTVP-3 Eye-hand coordination 0.77 0.90

DTVP-3 Copying 0.77 0.85

DTVP-3 Figure-ground 0.77 0.90

DTVP-3 Visual closure 0.77 0.80

DTVP-3 Form constancy 0.78 0.86

DTVP-3 Visual-motor integration composite 0.78 0.92

DTVP-3 Motor reduced composite 0.73 0.92

DTVP-3 General visual perceptual composite 0.70 0.95

Developmental Test of Visual-Motor Integration - Six Edition (Beery VMI-6)

Visual-Motor Integration 0.74 0.88
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