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Introduction
Visual-motor integration (VMI) refers to the extent to which visual perception (VP) and 
motor coordination (MC) (finger–hand movements) are harmoniously co-ordinated. Visual 
perception is described by various researchers (Beery & Buktenica 1997; Haywood & Getchell 
2009; Wilson & Fakel 2004) as an acquired process which involves how visual stimuli that are 
received are perceived, interpreted and understood – thus how images obtained through sight 
are transformed into useful information. Motor coordination is described by Lane (2005) and 
Winnick (2005) as the ability to co-ordinate vision with bodily movement, and plays an important 
role in effective hand–eye coordination and fine motor activities such as drawing, copy-drawing 
and colouring, which are, in turn, important skills for learning to write (Grissmer et al. 2010; 
Wilson & Falkel 2004). The ability to correctly copy geometric forms, letters and pictures in a 
suitable space involves effective development and use of spatial orientation, memory, fine motor 
development, visuospatial encoding, motor planning, order and cognition (Lane 2005). Beery 
and Buktenica (1997) indicate that learners’ ability to copy geometrical shapes has a significant 
relationship with their school achievement. Visual perception and motor skills develop rapidly 
during the early childhood years and a certain level of maturity has to be reached before learners 
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are able to learn to read, write and become numerate 
(Lane 2005). Developmental delays in any of these skills can 
lead to delays in the development of academic skills (Beery 
& Beery 2010; Case-Smith 2005).

The links between VMI, VP and MC skills and reading, 
writing and general academic achievement have been 
studied and confirmed by various researchers (De Waal, 
Pienaar & Coetzee 2018; Grissmer et al. 2010; Lopes et al. 
2013; Pagani et al. 2010; Pienaar, Barhorst & Twisk 2013; 
Watson et al. 2003). It would appear, however, that the link 
between VMI and school performance weakens as learners 
progress through school (Weintraub & Graham 2000). 
However, there are various studies in the literature 
that have already investigated and confirmed the links 
between handwriting and VMI (Borsting & Barnhardt 
2001; Kaiser, Albert & Doudin 2009) and handwriting and 
academic performance (Roth, McCaul & Barnes 1993). 
For good handwriting, it is necessary to have adequate 
fine motor control and VMI skills as well as suitable 
motor planning, proprioception, and VP (Gabbard 2008; 
Payne & Isaacs 2008); sustained attention or concentration, 
hand–eye coordination (Grissmer et al. 2010); and finger 
sensory awareness (Feder & Majnemer 2007). Difficulties 
in any of the above-mentioned skills can lead to untidy 
handwriting and can negatively impact a child’s overall 
academic achievement and school readiness (Capellini, 
Coppede & Vale 2010; Feder & Majnemer 2007; Grissmer 
et al. 2010; Pagani et al. 2010). Researchers have also 
investigated and confirmed the links between VMI and VP 
(Bezrukikh & Terebova 2009; Coetzee, Pienaar & Van Wyk 
2019; Haywood & Getchell 2009).

Direct relationships between performance in mathematics 
and VMI of learners have been reported in the literature by 
various researchers (Borsting & Barnhardt 2001; Pereira et al. 
2011; Pieters et al. 2012; Mayes et al. 2009). Similar 
relationships have also been reported with VP (De Waal et al. 
2018; Geary 2004; Kulp et al. 2004; Pieters et al. 2012; Watson 
et al. 2003), MC (Van Niekerk 2012) and fine motor skills 
(Grissmer et al. 2010; Pagani et al. 2010; Son & Meisels 2006). 
A study by Pienaar et al. (2013) in the North West province of 
South Africa showed that VMI and VP are strongly related to 
basic literacy skills, including mathematics, reading and 
writing literacy. Another South African study (De Waal et al. 
2018) also reported a relationship between VP and academic 
achievement, irrespective of children experienced signs of 
perceptual motor difficulties. Furthermore, Grissmer et al. 
(2010) reported that fine motor skills (which include 
hand–eye coordination) are important developmental 
predictors for later academic achievements. In agreement, 
Pagani et al. (2010) also reported that fine motor skills play a 
significant role in the prediction of later academic 
achievements and school readiness, especially regarding 
reading and mathematics.

In the past, various studies have focussed on the link between 
gender and academic performance where comparisons 
between mathematics and gender are the most general field 

of study. Research findings in this regard, however, are not 
significant, age-dependent or inconsequential (Gonzales et 
al. 2004; Penner 2003; Voyer, Voyer & Bryden 1995). The 
findings of Lachance and Mazzocco (2006) also support the 
general view of minimal or no gender differences in 
mathematical skills among primary school learners. However, 
Pagani et al. (2010) reported that girls who struggled with 
mathematics in kindergarten still had lower mathematics 
grades in Grade 2. These researchers further reported that the 
boys who struggled with mathematics in kindergarten 
outperformed the girls (who also had low mathematics scores 
in kindergarten) in Grade 2. One constant in the literature is 
the suggestion that the size of the differences varies with age 
(Voyer et al. 1995). In cases where gender differences are 
indicated, the extent of the differences is directly linked to the 
degree of difficulty of the problem, and it would seem that 
the differences are clearer between the groups of high or 
lower performing individuals (Gonzales et al. 2004; Penner 
2003). Deary et al. (2007) in the United Kingdom did a 5-year 
longitudinal study on 74 403 English learners (36 894 boys 
and 37 509 girls) and found moderate differences between the 
genders in the different learning areas, where girls 
significantly outperformed the boys in all the learning areas 
with the exception of physics. The effect of gender on 
academic achievement in general as well as on reading, 
writing and mathematics has been studied by various 
researchers, while only few studies could be found that 
investigated links between all learning areas that are offered 
in the school curriculum separately. The same shortcoming is 
found with regard to studies focussing on socio-economic 
status (SES) influences on academic achievement.

A worldwide increase in learners who grow up in low socio-
economic conditions is reported (Caro, McDonald & Williams 
2009; Portela 2007; Walker et al. 2007). Various studies 
(Delemarre-Van de Waal 1993; Gallahue & Ozmun 2006; Taylor 
& Yu 2009) have found with regard to the factors that inhibit 
optimal performance of learners that these can be aligned with 
the different systems as described in Bronfenbrenner’s (1979) 
ecological systems theory (EST). This theory distinguishes 
amongst four systems of social development, and later also a 
fifth one, the chrono-system, which encapsulates the changes and 
interaction amongst these four systems that contribute to the 
changes that take place in one’s lifespan, and that play a role in 
one’s development. Higher socio-economic conditions are 
associated with better learning environments, within which a 
child’s development occurs. The negative effect of SES on 
learners’ general development and academic performance has 
been studied by various researchers in South Africa as well as 
worldwide (Bush et al. 2010; Du Plessis, Coetzee & Pienaar 2015; 
Grissmer & Eiseman 2008; Grissmer et al. 2010; Lotz, Loxton & 
Naidoo 2005; Pienaar et al. 2013; Roth et al. 1993; Taylor & Yu 
2009). In South Africa, national statistics show a close relationship 
between population group (race) and level of poverty (low SES), 
as more than half of the black population live in poverty (Stats 
SA 2014). Taylor and Yu (2009) reported that education inequality 
trends in South Africa reflect the general nature of income 
disparity. According to them, strong disparity is visible with a 
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strong basis in race and growing social class dimensions. These 
researchers furthermore report that in some countries, like 
South Africa, the gap in educational equality that is found 
between high and low SES learners has a cumulative effect, 
which could inevitably lead to greater gaps in academic 
achievements over time (Taylor & Yu 2009). In this regard, 
Grissmer et al. (2010) report that the children from disadvantaged 
areas are likely to struggle with the development of fine motor 
skills that are needed for later academic success because of a 
lack of opportunities. Children who grew up in the lower SES or 
high-risk areas enter the formal school system with already-
existing delays in terms of cognitive development (Walker et al. 
2007). Gorard and See (2009) reported a negative relationship 
between low SES and achievement in the age-expected 
standards in English, mathematics and science in England 
Maples (2003). In South Africa, the quality of education of 
learners from low SES has increased at a reasonable tempo. 
Unfortunately, there are still significant racial gaps in the 
percentage of learners who pass Grade 12 (Anderson, Case & 
Lam 2001; Beckman 2011). The average national Grade 12 pass 
rate for the North West province was 87.2% (88.8% boys, 
85.9% girls) in 2013 (Anderson et al. 2001; Stats SA 2013b).

This literature background revealed that various studies 
have been conducted that confirmed SES as a good predictor 
of VMI status as well as of overall academic achievement. 
The literature has also confirmed correlations between VMI 
skills (fine motor skills), VP skills and academic achievements 
of learners. However, only a few studies could be found that 
was performed not only on South African learners but also 
worldwide who have studied the role of different elements of 
visual-motor skills on all the different compulsory school 
learning areas. In addition, only few studies with unequivocal 
results could also be found regarding the possible 
contribution of gender to the different learning areas. If a 
better understanding of such links can be established through 
this study, the findings of this study can contribute to 
not only more focussed interventions but also prevention 
strategies for learners with academic difficulties that are 
related to VMI, gender and SES.

With the above literature as background, the purpose of the 
present study is to examine the relationship between academic 
achievement in the different learning areas of the South African 
school curriculum and VMI, VP and MC skills. The role of 
gender and SES on the academic achievement in the different 
learning areas among 9- and 10-year-old learners in the North 
West province in South Africa will also be investigated.

Research methodology
Study design and participants
This study is a cross-sectional study within the longitudinal 
North-West Child Health Integrated with Learning and 
Development (NW-CHILD) study, which consists of three 
time point measurements collected over a period of 6 years 
(2010, 2013, 2016). The sample was selected by means of 
stratified random sampling in conjunction with the Statistical 

Consultation Service of the University. To determine the 
sample for baseline measurements, a list of names of schools 
in the North West province was obtained from the Department 
of Basic Education. From the list of schools of the North West 
province, which contains eight education districts and each 
represented 12–22 regions with about 20 schools (minimum 
12, maximum 47) per region, 4 regions and 20 schools were 
randomly selected with regard to population density and 
school status. In South Africa, the Department of Basic 
Education divides schools into five quintiles (categories) on 
the basis of their poverty classification (Hall & Giese 2009), 
where quintile 1 represents the least well-off schools, while 
quintile 5 represents the best-off schools. The poverty 
classification of schools is performed in accordance with the 
national poverty table as compiled by the Treasury (Hall & 
Giese 2009) and includes the income levels, dependency 
relations and the literacy levels of the inhabitants of the area 
(Hall & Giese 2009; Stats SA 2013a). For the purposes of this 
study, the five quintiles were only divided into two groups, 
where the low SES group represented quintiles 1–3 and the 
high SES group represented quintiles 4 and 5. Boys and girls 
were randomly chosen from each school to make up the 
participants for the research group. Data of the first follow-
up measurement of the learners (living in different regions of 
the North West province of South Africa) in 2013 were used 
solely for the purposes of the study. The total number of 
subsamples that were included in this study was 863 
(453 boys and 410 girls) learners in Grades 3 and 4 with a 
mean age of 9.9 years (±0.42).

Measuring instruments
The Developmental Tests of Visual-Motor Integration, 
Fourth Edition
The Developmental Tests of Visual-Motor Integration, Fourth 
Edition (VMI-4) (Beery & Buktenica 1997) is a measuring 
instrument that consists of three sections, VMI as well as 
two supplementary tests, VP and MC. The first subtest of 
the VMI-4 consists of 27 geometrical shapes (development 
sequential) that have to be copied with pencil and paper. The 
VMI test can be performed in group context or individually 
within a period of about 10–15 minutes. This test is suitable 
for use from preschool children to adults. The visual-
perceptual subtest requires that the correctly corresponding 
form is identified for each specific picture. The MC sub-test 
entails completing the dots in a geometric shape and takes 
approximately 5 min to complete. The given form must 
be redrawn as accurately as possible while remaining 
within the lines. The MC sub-test can be carried out 
individually or in a group, but is only ceased when the time 
is up. The two supplementary tests (VP and MC) are 
separately assessed and marks given. The VMI-4-marks 
allocation is performed in accordance with the number of test 
items completed correctly. Cessation of the assignment 
occurs as soon as the person makes the same mistake in three 
consecutive test items, if the allocated time expires, or with 
completion of the section. For incorrect performances, a ‘0’ is 
assigned and a ‘1’ for those carried out correctly. Points are 
therefore allocated according to the number of test items the 
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person carried out correctly. The total mark is processed into 
a standard score according to which the person is allocated to 
one of five classes (far below average class 5 to far above 
average class 1). The division of the groups was as follows: 
40–67 is far below average; 68–82 is below average; 83–117 is 
average; 118–132 is above average; 133–160 is far above 
average. The VMI test as well as supplementary VP and MC 
tests each had a general reliability of r = 0.92, r = 0.91 and 
r = 0.89 (Beery & Buktenica 1997). Data were collected by 
senior researchers who were qualified as Kinderkineticists 
and Kinderkinetic Honours students who had all completed 
in-depth training of the applicable standard test before data 
collection started. In cases where English or Afrikaans was 
not a participant’s mother tongue, pre-trained interpreters 
explained each test to the participant.

Curriculum and assessment policy statement and 
Annual National Assessment
According to the Department of Basic Education’s Curriculum 
and Assessment Policy Statements (CAPS), the six learning 
areas include the following: mathematics, home language, 
second language, life orientation (LO), natural sciences and 
social sciences. All the official languages in South Africa 
(Afrikaans, English, isiNdebele, isiXhosa, isiZulu, Sepedi, 
Sesotho, Setswana, SiSwati, Tshivenda and Xitsonga) are 
included in Grade 4 language learning. Home language refers 
to one or two languages offered at home language level (this is 
applicable for each school or learning district), while the 
second language refers to a language that is not a mother 
tongue but that is used for certain communicative functions in 
a society or in the classroom (Department of Basic Education. 
Curriculum Assessment Policy Statements [CAPS] 2014). 
Assessment guidelines for the Annual National Assessment 
(ANA) of South African learners indicate that learners are 
evaluated based on knowledge that had to be mastered during 
the first three terms of the school year, which extends from 
January to December. For the scholastic achievements, we 
requested from each involved school, Grade 3 and Grade 4 
participants’ academic progress reports from June 2013, 
reflecting percentages obtained in each learning area, a grade 
point average and grading codes in the learning areas set out 
by the Department of Basic Education Curriculum and 
Assessment Policy Declarations (CAPS): (1) mathematics, (2) 
native language and (3) first additional language (Department 
of Basic Education, South Africa 2011b). The grading codes 
were as follows: (1) ‘7’ was awarded for exceptional 
achievement (80% – 100%), (2) ‘6’ for meritorious achievement 
(70% – 79%), (3) ‘5’ described significant achievement 
(60% – 69%), (4) ‘4’ sufficient achievement (50% – 59%), (5) ‘3’ 
average achievement (40% – 49%), (6) ‘2’ basic achievement 
(30% – 39%) and (7) ‘1’ was allocated when the learning 
outcome ‘was not reached’ (0% – 29%). In addition, we 
obtained scores (also in percentages) on the ANA, conducted 
on a provincial level to assess learners’ achievement, including 
the following learning areas: Afrikaans, English, Setswana and 
Mathematics. The June mid-year assessments are compiled 
and scored by the applicable learning area teachers. The ANA 
tests are compiled nationally by the Department of Basic 
Education and only scored by the teachers, making it a more 

objective, representative and comparative assessment of 
learners’ academic achievements in South Africa.

Data analysis and statistical procedures
The ‘Statistica for Windows’ Statsoft computer program 
package was used (StatSoft 2015) to analyse the data. The 
statistical consultation service of the university was consulted 
regarding the most suitable statistical analysis to be 
performed. Data were firstly analysed descriptively by way 
of means (M) and standard deviations (SD) to examine the 
level of 9–10-year-old learners’ VMI, VP and MC skills. Non-
parametric Spearman rank-order correlation coefficients 
were used to examine possible relationships among the 
different school learning areas (as determined according to 
the mid-year school and the September ANA results) and 
VMI, VP and MC skills. Effect sizes that provide cut-offs for 
practical significance of derived correlations were set at 
r ≥ 0.1 as a small effect, r ≥ 0.3 a medium effect and r ≥ 0.5 a 
large effect. A stepwise regressions analysis was used for 
exploratory purposes to examine statistically significant 
meaningful dependence between academic achievement in 
the different learning areas during the June mid-year school 
assessments (JMSA) and the ANA (dependent variables) 
with the independent variables, VMI, VP, MC, gender and 
SES. Furthermore, this was also used to determine the 
independent variables that indicated the largest 
contribution to the total variance in the different academic 
learning areas. The contribution of each independent 
variable to a learning area is represented by a percentage, 
where R2 ≥ 1% indicated a small contribution, R2 ≥ 10% a 
medium contribution and R2 ≥ 25% a large contribution. The 
adjusted R2 (which represents the joint contribution of the 
independent variables in the regression predictions) is only 
regarded as meaningful at 25% and more (adjusted R2 ≥ 0.25). 
In this analysis, statistical significance was set at a p-level 
≤ 0.05, while the following guidelines were used in the 
interpretation of practical significance (d): ≥ 0.2 indicates a 
small effect, d ≥ 0.5 indicates a medium effect and 
d ≥ 0.8  indicates a large effect (Cohen 1988).

Results
Table 1 describes the research group of 9–10-year-old learners 
with regard to age, gender, race and SES. The total of 
863 study participants (453 boys and 410 girls) had a mean 
age of 9.9 years (±0.42), with 216 white learners (125 boys and 

TABLE 1: Basic descriptive statistics of the participants.
Variables Gender Total

Boys Girls N %

Race 
White learners 125 91 216 25.03
Black learners 328 319 647 74.97
Socio-economic status (SES)
Low SES 276 262 538 62.34
High SES 177 148 325 37.66

Gender: Boys – n = 453 (52.49%); Girls – n = 410 (47.51%).
SES, socio-economic status.
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91 girls) and 647 black learners (328 boys and 319 girls). Five-
hundred and thirty-eight (62.34%) of the participants 
represented the low SES group, while 325 (37.66%) 
represented the high SES group.

In Table 2, the basic descriptive statistics of the JMSA and the 
ANA percentages for the different learning areas for the 
group as a whole are represented. The learning area in which 
the learners obtained the highest group average (65.83%; 
69.98%) was Afrikaans in both the JMSA and ANA learning 
areas, respectively. The lowest mean percentages for the 
group in the JMSA (54.47%) were seen in the English results, 
while Setswana percentages (30.77%) were the lowest in the 
ANA results.

In Table 3, the basic descriptive statistics of the VMI tests 
scores for the group are represented. Standard scores of VMI 
(92.93 ± 14.82), VP (85.90 ± 39.99) and MC skills (93.29 ± 
13.32) were found in this analysis.

Spearman rank-order correlation coefficients were 
subsequently used to examine possible correlations between 
the different school learning areas (JMSA and ANA) and VMI, 

VP and MC skills. These results are reported in Table 4. It 
reveals medium significant correlations between VP and all 
the JMSA learning areas (Setswana excluded, r = 0.2), where 
the largest significant correlation occurred between VP skills 
(r = 0.47) and the grade point average. All the learning areas 
that were assessed during the JMSA and the ANA assessment 
further revealed small significant correlations (r ≥ 0.1) with 
VMI and MC skills. The only non-significant (r < 0.1) correlation 
between the dependent and the independent variables was 
between the ANA’s Setswana and MC skills (r = 0.08).

Lastly, a stepwise regression analysis was performed to 
examine the statistically and practically meaningful 
dependency between academic achievement in the JMSA 
(with regard to all the different school learning areas and not 
only language) and ANA learning areas (which included first 
and second language and mathematics) (dependent 
variables) and the independent variables that included VMI, 
VP, MC, gender and SES. These results are reported in Table 5 
for the JMSA and for the ANA assessments. The percentage 
(R2 ≥ 1% small; R2 ≥ 10% medium; R2 ≥ 25% large) contribution 
of each independent variable on a learning area is indicated 
by the R2 change and the joint contribution of all the relevant 
independent variables is indicated by the adjusted R2 (see 
Table 5). 

Table 5 shows SES as having the strongest statistically 
significant predictive value (p ≤ 0.001) for most of the JMSA 
learning areas (dependent variables). Only Setswana (JMSA 
and ANA) and the ANA’s Afrikaans results revealed no 
significant relationship with SES. In mathematics and natural 
science achievements, VMI emerged as the second strongest 
predictor (p ≤ 0.001; p = 0.05) and to a lesser extent Life 
Orientation (LO) (p = 0.01). The learning areas of the June 
school assessment where the joint predictor of the independent 
variables (adjusted R2) was found to be above 25% were in 
English (26.7%) and natural sciences (27.7%) as well as in the 
grade point average (30%). The largest contribution to this 
variation was consistently SES (22.1% – 26.4%). In the ANA 
learning areas, the joint prediction of the independent 
variables was significant in mathematics (27.8%) and English 
achievements (25%) of which 24.5% of the achievement in 
mathematics and 18.50% of the achievement in English could 
once again be explained by SES.

Discussion
The aim of this study was to examine possible relationships 
between academic achievement in the different compulsory 

TABLE 3: Descriptive statistics of the participants’ visual-motor integration tests 
scores.
Variables N M SD Min. Max.

Visual-motor integration 863 92.93 14.80 7 152
Visual perception 863 85.90 39.99 0 127
Motor coordination 863 93.29 13.32 11 140

M, mean; Min., minimum; Max., maximum; SD, standard deviation; N, number of participants.

TABLE 2: June mid-year school assessment and the Annual National Assessment 
percentages for the different learning areas.
Variables Number of 

participants  
(N)

Percentage
M SD Min. Max.

June mid-year school assessment
Afrikaans 353 65.83 14.08 15.0 95.0
English 784 54.47 19.64 5.0 96.0
Setswana 386 55.72 15.87 7.0 86.0
Life orientation 780 63.64 18.73 0.0 96.0
Mathematics 794 59.36 18.23 2.0 99.0
Science 640 57.13 19.72 4.0 100.0
Social sciences 637 60.08 19.58 6.0 100.0
Grade average 445 61.68 16.12 14.5 93.8
Annual National Assessment 
Afrikaans 188 69.98 13.70 8.0 96.0
English 452 49.29 22.08 0.0 96.0
Setswana 85 30.78 22.76 0.0 82.0
Mathematics 723 48.39 20.87 0.0 100.0

M, mean value; Min., minimum; Max., maximum; SD, standard deviation; N, number of 
participants.

TABLE 4: Spearman rank-order correlation coefficients between school learning areas (June school examination and Annual National Assessment) and visual-motor 
integration, visual perception and motor coordination skills.
Variable June mid-year school assessment (%) Annual National Assessment (%)

Afrikaans English Setswana Life 
orientation

Mathematics Natural 
science

Social 
sciences

Grade point 
average

Afrikaans English Setswana Mathematics

VMI 0.21† 0.15† 0.10† 0.13† 0.24† 0.14† 0.11† 0.16† 0.19† 0.18† 0.16† 0.19†
VP 0.35‡ 0.37‡ 0.20† 0.36‡ 0.35‡ 0.36‡ 0.31‡ 0.47‡ 0.24† 0.29† 0.13† 0.40‡
MC 0.29† 0.24† 0.14† 0.18† 0.20† 0.17† 0.19† 0.25† 0.32‡ 0.14† 0.08 0.28†

†, r ≥ 0.1 small effect; ‡, r ≥ 0.3 medium effect.
VMI, visual-motor integration; VP, visual perception; MC, motor coordination.
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school learning areas and VMI, VP and MC skills. In addition, 
the contribution of gender and SES to this association among 
9–10-year-old learners in the North West province of South 
Africa was also investigated.

This study confirmed relationships between VMI, VP and 
MC and the different compulsory school learning areas. Most 
of the relationships found were with VP and showed 
moderate practical significance. The highest relationship that 
was found in the JMSAs was with the grade point average 
(r = 0.47), while in the ANA it was with mathematics (r = 0.40). 
However, MC indicated the second highest relationship with 
most of the compulsory school learning areas. Motor 
coordination correlated the highest with Afrikaans in the 
ANA (r = 0.32). These results therefore confirmed that visual-
motor and MC skills (fine motor skills) are associated with 
academic achievement in the different school learning areas. 
Our results are supported by Pienaar et al. (2013) and De Waal 
et al. (2018) that also reported meaningful relationships 
between VP and most of the learning areas in 6- and 12-year-
old children. Regarding the relationship that was also 
established between MC (fine motor skills) and academic 
achievements, our results are also in agreement with those of 
Grissmer et al. (2010) and Pagani et al. (2010). These 
researchers indicated that fine motor skills (which include 
MC) showed a significant relationship with mathematics, 
reading skills and later academic achievements.

The joint contribution of the independent variables (VMI, VP, 
MC, gender and SES) in the regression analysis of each 
learning area (adjusted R2) was the largest in the learners’ 
JMSA grade point average (30%). Here, 26.4% of the 
contribution was made by SES and 2% by MC. The smallest 
joint contribution of the variables to this regression was 
found in Setswana (1.5%) and only VP made a contribution 
to this regression. Learning areas where the joint prediction 
of the independent variables (adjusted R2) was also found to 
be significant were in the June school mid-year school 
assessment in English (26.7%) and natural sciences (27.7%) as 

well as marks obtained in the ANA during mathematics 
(27.8%) and English (25%). The independent variable that 
consistently made the biggest contribution to the academic 
achievement in the different learning areas was the SES of the 
learners. In the June mid-year school and ANA assessments, 
the contributions of SES to the different learning areas were 
as follows: English (22.10%), LO (20.80%), mathematics 
(8.5%), natural sciences (26.40%), social sciences (12.30%) and 
grade point average (26.40%), while it was 18.50% for English 
and 24.50% for mathematics in the ANA. The total 
contribution of VMI, VP and MC to the different compulsory 
school learning areas variables ranged between 0.2% and 
3.3%, 0.5% and 4.2%, and 0.2% and 9.3%, respectively. In the 
present study, a large variation in the regression analysis is 
observed in the percentage contribution that SES had on the 
JMSA mathematics achievement (8.5%) in comparison to the 
ANA mathematics achievement (24.50%). The significant 
16% variance can possibly be ascribed to the JMSAs being 
performed by the teachers at the schools, on the basis of work 
selected by the teachers and taught by them. The ANA, on 
the contrary, is a standardised national assessment where the 
teachers have no direct prior access to the content of the 
article, and is therefore a more objective measurement 
(Department of Basic Education 2011a).

Our results are confirmed by Caro et al. (2009) who also 
investigated the influence of SES on academic achievement 
with the aim to determine to which extent large performance 
gaps in academic achievement can be attributed to SES as it 
changes from a young age of 7 up to adolescence (15 years 
old). These researchers used four data sets from Canada’s 
National Longitudinal Study of Children and Youth (NLSCY). 
The results indicate that the SES gap remains fairly stable 
from 7 to 11 years of age, after which the gap increases at a 
greater tempo from 11 to 15 years of age. The different 
regression techniques consistently indicate in the study of 
Caro et al. (2009) that SES, at the age of 12 years, explains 
about 17% of the variance in mathematics performance. 
Furthermore, Grissmer et al. (2010) also indicated that 

TABLE 5: Summary of stepwise regression for the June school examinations.
Learning areas Contributors Total variance 

explained (%)
Adjusted R2

SES Gender VMI VP MC

June-mid-year school assessments 
Afrikaans 4.20 1.90 0.70 0.60 6.20 13.60 12.4
English 22.10 2.50 0.20 0.50 1.80 27.10 26.7
Setswana - 2.70 - 4.30 1.30 8.30 4.5
Life orientation 20.80 1.60 0.80 0.50 - 23.70 23.3
Mathematics 8.50 0.20 3.30 0.90 0.40 13.30 12.9
Natural science 26.40 - 0.90 0.70 0.20 38.20 27.7
Social Sciences 12.30 0.80 0.30 0.90 1.60 15.90 15.2
GPA 26.40 1.10 0.40 0.90 2.00 30.80 30
Annual National Assessment
Afrikaans - 3.30 0.60 - 9.30 13.20 12.4
English 18.50 1.90 0.80 4.10 0.40 25.70 25.0
Setswana - - - 2.70 - 2.70 1.5
Mathematics 24.50 0.20 0.70 0.50 2.60 28.50 27.8

Note. Bold values indicate the highest percentage for each learning area.
SES, socio-economic status; VMI, visual-motor integration; VP, visual perception; MC, motor coordination; GPA, grade point average.
R2 ≥ 1% small; R2 ≥ 10% medium; R2 ≥ 25% large.
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children growing up in disadvantaged communities have 
fewer opportunities to develop the necessary skills that will 
be accounted for in the school environment and that the gap 
will remain later in the child’s schooling years (Grissmer & 
Eseman 2008).

Our results are also in agreement with the findings of Lotz et 
al. (2005) who found that low SES does not only have an 
undesirable impact on VMI, VP and MC skills of children, but 
also negatively impacted school learning areas such as 
language and mathematics. This study by Lotz et al. (2005) 
was completed on 171 boys and 168 girls (95 in Grade 1, 76 in 
Grade 2, 70 in Grade 3 and 98 in Grade 4 from various socio-
economic backgrounds in the Western Cape province of South 
Africa with the VMI-4. Fleisch (2008) and Bush et al. (2010) 
also confirm the relationship between SES and achievements 
in languages and mathematics achievement in South African 
learners. Gorard and See (2009) determined trends between 
science achievement and SES by doing a re-analysis of data 
from the Pupil-level Annual Schools Census (PLASC) and 
National Pupil Database (NPD) in England for 2001/2002 to 
2005/2006. Each age group (5–7 and 7–11 years of age) 
consisted of about 650 000 learners. Clear percentage 
differences were confirmed between high and low SES 
learners’ English (14%), mathematics (14%) and science (17%) 
achievements. These achievement gaps between the low and 
high SES learners were also consistent over time (2002–2006) 
among both the 7- and 11-year-old learners. In summary, 
Gorard and See (2009) established a clear negative relationship 
between SES and achievements in English, mathematics and 
science, with similar achievement gaps (±15%) between the 
SES groups across the learning areas. Grissmer and Eiseman 
(2008) also indicated that there were substantial achievement 
gaps between learners representing different socio-economic 
backgrounds, when they entered the pre-primary school. This 
gap was also not closed in the later schooling years, despite 
programmes being in place to improve the mathematics and 
reading skills of these learners. The independent variables 
investigated in our study explained as much as 30% of the 
variation in academic achievement of which the relationship 
with SES made a contribution of 26.4% (average of JMSA). 
Possible additional factors which can, especially in South 
Africa, add to the poorer academic achievement that was 
found in the low SES participants would be excessive learner 
numbers in a class (up to 50), poorly trained teachers or 
teachers who are not qualified in the learning area that they 
are teaching. Caro et al. (2009) report in this regard that poorly 
trained teachers can contribute to a weak foundation being 
established in the early grades on which learners must fall 
back. Furthermore, the possibility exists that the learners that 
enter Grade 1 are not ready for the school setting because they 
did not attend any pre-primary school, thus the early school 
development is lacking.

The findings of the study of Maples (2003) are, however, in 
contrast with the above. These researchers found that VMI 
was the most accurate predictor of academic success of 
learners from Grades 1, 2 or 3 over three successive years, and 

that SES was a less meaningful predictor. Maples (2003) did a 
3-year longitudinal study to evaluate the visual and academic 
achievement of 540 learners from three primary schools in 
Tahlequah (Oklahoma, United States), which included basic 
skills such as mathematical concepts, language, listening, 
reading, word analysis and vocabulary. Participants were, 
among others, assessed by making use of the VMI-4 as well as 
the World Sentence Copy Test for VMI and Motor Free Visual 
Perception Test (MVPT) additionally to VP, while SES was 
determined by using a questionnaire which the parents had 
to complete. Maples (2003) further reported that VMI made a 
contribution to the grade point average of the learners 
(21.4%), mathematics (11.2%), languages (7.3%) and natural 
science (14.5%), while no contribution to social sciences was 
found. The findings of the present study are therefore in 
contrast to the findings of Maples (2003) because VMI in the 
present study was not indicated in any of the learning areas 
as the variable that had made the biggest contribution to the 
regression. It was only in the JMSA Mathematics learning 
area (3.3%) that a small significant contribution was made by 
VMI to the regression. However, during the regression 
analysis in the present study, no significant contributions 
were found between VMI and any of the languages or the 
grade point averages. It did emerge from the regression that 
VMI made a contribution with the ANA mathematics as well 
as JMSA in natural science achievement of learners which is 
in agreement with the findings of Maples (2003), although the 
contribution is smaller.

Maples (2003) furthermore reports no contribution of VP and 
only a small significant contribution of SES to the learners’ 
grade point averages (1.9%), while the contribution of VP 
was not visible in any of the other learning areas. These 
differences in findings could firstly possibly be explained by 
the differences in tests that were used in the two studies. In 
the Maples study, a VP test was used, where the MVPT only 
requires that the learner should point to the correct or relevant 
block, while the World Sentence Copy Test was used to test 
VMI. In addition, different methods were used to determine 
SES, where the present study used the school SES as a proxy 
for SES status, while Maples (2003) made use of the proxy 
household income that was provided by parents by means of 
a questionnaire. The differences found in the contribution of 
SES can also possibly be explained by the differences in the 
number of low SES learners in South Africa compared to in 
the United States of America, while the circumstances of 
children growing up in a low-income country might also 
differ from those growing up in developed countries such as 
the United States of America. South Africa is classified as a 
middle-income country, although a significant number of the 
population live in poverty, with about 60% of the learners 
who grow up in households with income levels under a 
minimum acceptable level (Fleisch 2008).

Second to SES, VMI and VP skills had the strongest statistically 
significant predictive value in mathematics achievement in 
the JMSA as well as in the ANA. Mayes et al. (2009) assessed 
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214 primary school learners (47% boys and 53% girls) between 
the ages of 6 and 12 years old with a mean age of 8.6 years, 
SD = 1.5 with the VMI-4, and found significant correlations 
with mathematics achievement among all ages. Pienaar et al. 
(2013) reported similar results among Grade 1 learners. These 
researchers reported a higher correlation between VP and 
letter and numeracy skills compared to MC. Although the 
present study showed a contribution from VP and MC on 
letter and numeracy skills, a moderately significant 
contribution (r ≥ 0.3) was found in most learning areas and 
small significant contributions in only four learning areas, 
JMSA Setswana and ANA Afrikaans, English and Setswana. 
Furthermore, regarding the results that were obtained from 
the regression analysis, it seemed that VP made the largest 
contribution to the Setswana achievement (4.3%) in the JMSA 
and in the ANA (2.7%). However, Setswana did not show any 
contribution to the percentage variation in the regression, and 
the correlation that was found with VP was small. There is, 
however, also a small contribution by VP in ANA English 
(4.1%), and although the contribution was not significant 
(≤1%), VP does make contributions to mathematics (JMSA and 
ANA), LO, natural sciences, social sciences and the grade 
point averages of the participants in the regression analysis. 
Various researchers (De Waal et al. 2018; Geary 2004; Kulp et 
al. 2004; Pienaar et al. 2013; Pieters et al. 2012; Watson et al. 
2003) have reported that VP is especially important in the 
development of mathematical skills. Pereira et al. (2011) 
evaluated 77 learners (40 girls and 37 boys) with a mean age of 
7.4 years in São Paulo, Brazil, with the VMI-4 and compared 
their VMI, VP and MC skills with their writing, reading and 
mathematical skills. Significant links were established 
between VMI and these academic abilities, while a significant 
correlation between VP and the reading sub-test, as well as 
MC and cursive writing, was also reported (Pereira et al. 2011).

Motor coordination was the variable that made the largest 
contribution to the regression in achievement in Afrikaans in 
both the JMSA and ANA results, although the contributions 
of 6.2% and 9.3% were small. Motor coordination further 
only shows small relationships with the JMSA social sciences 
(1.6%) and only in mathematics achievement during the 
ANA (2.6%), where in both cases it is indicated as the second 
contributing variable to the regression. The effect of MC on 
the learning areas can possibly be explained by the use of fine 
motor skills that include handwriting and hand–eye 
coordination in all learning areas (Capellini et al. 2010; 
Feder & Majnemer 2007; Grissmer et al. 2010; Pagani et al. 
2010), as it is foundational skills in all learning areas. 
According to Grissmer et al. (2010), fine motor skills play an 
important role in the development of language because of the 
different areas involved in this subject, for example, to be 
able to read the eye movements need to be controlled so that 
the tracking of the word is smooth, which is also a fine motor 
skill. Poor or unclear handwriting often results in that the 
child cannot read or understand their own written symbols, 
which can contribute to mistakes in interpretations 
(Bezrukikh & Kreshchenko 2004). Furthermore, the results 
indicated that MC skills are minimally associated with 

children’s achievement in any of the other learning areas. 
There is some measure of disagreement, as Pienaar et al. 
(2013) reported that mathematics achievement was not 
significantly linked to the MC skills, but with VMI and VP 
skills. Our results are in agreement with that of Pienaar et al. 
(2013) as the relationships that occurred between academic 
achievements were stronger for VMI and VP skills, and to a 
lesser extent with MC, which mostly assessed hand control in 
the VMI. The study of Pienaar et al. (2013) that was completed 
on 812 Grade 1 learners (418 boys and 394 girls) with a mean 
age of 6.78 years in the North West province of South Africa 
further also found that the relationship between academic 
achievement and VMI skills was stronger among low SES 
learners. Roth et al. (1993) completed a longitudinal study on 
161 children (95 boys and 41 girls) living in Maine in the 
United Sates, where the baseline measurements were taken 
during the nursery school years and the final measurements 
during their Grade 3 year. By making use of a regression 
analysis, these researchers observed that children, who 
experienced academic difficulties and therefore would need 
special education, also experienced problems with their fine 
motor skills. Following on that, socio-demographic factors 
were the second strongest predictor for possible difficulties 
in fine motor skills (Roth et al. 1993). In contrast to the above 
studies, Grissmer et al. (2010) and Pagani et al. (2010) found 
that fine motor skills, motor skills and behaviour played 
important roles in later academic achievements.

Gender made the second largest contribution to the regression 
in the JMSA for Afrikaans (1.9%), English (2.5%), Setswana 
(2.7%), LO (1.6%) and the grade point average (1.1%), as well 
as in the ANA Afrikaans (3.9%) and English (1.9%). The 
percentage contribution of gender to the regression was, 
however, small in all cases. The boys’ academic achievements 
were also consistently lower than girls. The contribution of 
gender to mathematics achievement was low (0.2%) in both 
regression analyses. These results are in agreement with 
those of Deary et al. (2007) who also reported that girls 
significantly outperformed boys in all learning areas except 
for physics (p ≤ 0.001). These researchers conducted a 5-year 
longitudinal study in the United Kingdom on 74 403 English 
learners (36 894 boys and 37 509 girls) to examine differences 
between psychometric intelligence at the age of 11 and 
academic achievement at the age of 16, as well as the role of 
gender in such differences. This study involved 25 academic 
learning areas that were part of the General Certificate of 
Secondary Education. The contribution of gender to the 
different learning areas was as follows: art and humanities 
(3.4% – 7.4%), mathematics and science (≤ 0.1%), social 
sciences (1% – 2%), design and technological graphics (5.7%) 
and 8.0% in art and design. These results show that gender 
made the biggest contribution to achievement in languages, 
while no correlations could be established with science, 
which is also well aligned with the findings of our study.

Visual-motor integration, VP and MC are all skills that 
improve over time with practice and repetition (Coetzee et al. 
2019). The improvement of these skills can possibly play a 
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significant role in the solution of the complex problem of 
academic under-achievement. It is clear that the academic 
under-achievement problem has multiple implications that 
can be decisive for successful academic outcomes, but also 
that improvement of VMI, VP and MC skills can contribute to 
the improvement of the general outcome. Although SES and 
gender are variables of which the status cannot be changed, 
efforts can be made to minimise the potential negative effect 
of these variables. The results of the present study can also 
help to identify possible focus learning areas that are affected 
to different degrees by learners’ gender and SES. Thus, 
teachers can use the guideline for additional approaches to 
the various identified learning areas with due consideration 
to the identified potential at-risk learners. Problems associated 
with low SES schools that have to be addressed include the 
large numbers of learners per classroom, as well as the quality 
of the teaching offered. Schools can ensure on an ongoing 
basis that all teachers are up to standard by offering additional 
training sessions in the different learning areas at the schools. 
Furthermore, the schools and the teachers can also offer 
targeted high-risk learners additional compulsory learning 
opportunities in the different identified learning areas 
(during and after school). Unfortunately, the topics of SES 
and gender (including race) are more sensitive areas in any 
milieu and in any country, where terms such as discrimination 
and exceptions can easily lead to an (unintended) uproar.

The findings of this study have shortcomings that must be 
highlighted to enable one to evaluate the generalisability of 
the results. Causality could not be established in our study 
because of the cross-sectional nature of the study design 
that was followed which is a limitation that should be 
acknowledged. Longitudinal analysis of the established 
relationships is therefore strongly recommended. We also 
did not have access in our study to information regarding 
the intelligence quotient (IQ) of the learners, while it 
emerges from the study of Deary et al. (2007) that 50% – 60% 
of the variance in examination marks can be statistically 
explained by the underlying intelligence characteristics 
that contribute to academic achievement. It is therefore 
recommended that future studies will consider the use of 
information about inherent intelligence characteristics in 
regression analyses. The strong point of this study, however, 
is that the results are based on a random sample and a large 
group of subjects who represented different levels of SES, 
although only based on school types.

Conclusion
In summary, it can be concluded that SES had the greatest 
predictive academic achievement influences for most of the 
school learning areas in 9–10-year-old South African school 
learners. Socio-economic status was also the only variable 
that made contributions with substantial statistical and 
practical significance while also showing the largest 
contributions to the application learning areas such as 
mathematics and natural science, followed by MC and VP 
skills. The independent variables investigated in this 
study were able to affirm up to 30% of the variation in 

academic achievement of 9–10-year-old learners in all 
the learning areas. Although of smaller magnitude or 
non-significant in all cases, contributions were made by VMI, 
VP, MC and gender, to the academic achievements in various 
learning areas in both the June mid-year school and ANA 
examinations. It also seems that the contribution of VMI, VP 
and MC to academic achievement decreases with an increase 
in age, although the contribution of SES remains.

There are many inconsistencies in the literature regarding the 
relationships between academic achievement and VMI and 
SES. A possible explanation could be that till date most studies 
have examined the relationship of only the VMI status on the 
child’s academic achievement as a whole and not with the 
different individual learning areas, thus making it a very wide 
comparison. The skills required to master specific learning 
areas will vary from one learning area to the other, and thus 
require that each compulsory school learning area is 
individually compared to the independent variables, which 
includes VMI, VP and MC, that might have an effect on a 
learner’s ability to perform to the best of his or her potential. 
From the results of the current study, it emerged that some of 
these variables should definitely receive attention to minimise 
the possible negative influences of these variables on a child’s 
academic achievement in the different individual learning 
areas and on his or her academic achievement as a whole. More 
research, and especially longitudinal analysis, is therefore 
recommended in accordance with the specifications of the 
current study.
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