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Abstract
Motor proficiency and socioeconomic status are considered critical role players in setting children on an early trajectory 
of academic failure or success. To determine longitudinal influences of motor proficiency (MP) and socioeconomic status 
(SES) on academic achievement of primary school learners, a mediating model was constructed and tested with structural 
equation modelling (SEM). Primary school learners (N = 381) took part in this 7 school year NW-CHILD longitudinal study, 
with baseline measurements in grade 1 and follow-up measurements in grades 4 and 7. Academic achievement was based on 
school, national, and provincial assessments, and the Bruininks Oseretsky Test of Motor Proficiency-2 (BOT-2) assessed MP. 
SES was operationalized as poverty classification which was based on school SES. Significant small to moderate correlations 
(r = .19 to r = .36) were confirmed between early MP and later academic achievement, with impaired academic achievement 
and MP (p < .05) in low SES participants. MP, SES and academic performance in grade 1 were all significantly related. A 
direct association between academic achievement in grade 1 and grade 7 were confirmed. Academic achievement in grade 
4 did however act as mediator and indirectly associated SES (− .413; − .417), MP (.083; .093) and academic achievement in 
grade 1 (.401; .398) with academic achievement in grade 7. Grade 4 academic achievement portrayed the largest standard-
ized regression coefficients with grade 7 (.693; .731). Low SES, and poor MP in first graders can contribute to compounded 
academic risk that are detrimental to academic achievement throughout the primary school years and should be addressed 
by timely interventions.
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Introduction

Children’s potential for academic success can be reduced at 
a young age by various factors. Among these are inadequate 
early motor proficiency (MP) and adverse environmental 
influences such as poverty (Cadoret et al. 2018; Hair et al. 

2015; Lawson and Farah 2017; MacDonald et al. 2018; Piek 
et al. 2008). Various studies support relations between gross 
motor skills and academic achievement (Da Silva Pacheca 
2016; Graf et al. 2004; Lopes et al. 2013; Piek et al. 2008). 
Various underlying internal processes are responsible for 
moving the body or parts of the body in space to produce 
gross and fine motor skills (Cameron et al. 2016). The criti-
cal role of body actions in cognitive control is also empha-
sized by theories where learning is facilitated or constrained 
by a changing motor repertoire. Shared higher order cogni-
tive processes between motor and cognitive functions (Dia-
mond 2000; Hartman et al. 2010; Roebers and Kauer 2009; 
Westendorp et al. 2011) are provided as a possible explana-
tion for this relation.

A recent review paper by MacDonald et  al. (2018) 
found significant positive small to moderate relationships 
between overall MP and math and reading performances. 
However, this relationship is considered to be complex and 
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evidence is scant according to MacDonald et al. (2018). 
In this regard, researchers (Geertsen et al. 2016; Cadoret 
et al. 2018) report that the positive correlation between 
MP and academic achievement does not seem to be direct, 
but rather to be impacted indirectly by cognitive abilities 
such as positive influences of working memory and percep-
tual processes. The specificity of motor effects is also still 
unclear, i.e., whether some skills will have stronger influ-
ences on academic achievement, remains a complex ques-
tion to be answered (Cadoret et al. 2018; MacDonald et al. 
2018). MacDonald et al. (2018) recommended that further 
examination of the relationships among MP, cognition, and 
academic performance is still warranted, as reviews on this 
relationship is are limited and evidence of these relationships 
are in most cases inconclusive. The relationship of gross 
motor proficiency and academic performance is especially 
less studied in this regard (MacDonald et al. 2018). The use 
of more robust study designs is also recommended to inves-
tigate these relationships. The question also remains if MP 
only has early influences, as some evidence indicates only 
earlier influences (Cameron et al. 2016; Morales et al. 2011).

Childhood SES is considered to be a powerful predictor 
of academic achievement throughout childhood and ado-
lescence (Cheng and Kaplowitz 2016). The bio-ecological 
model of Bronfenbrenner implies that development in low 
socioeconomic environments is largely affected by the inter-
action (or lack thereof) between the individual and envi-
ronment (Bronfenbrenner and Morris 2006). A number of 
factors are reported to vary along SES gradients and are 
likely to influence child development, including: parenting 
practices and investment in children’s cognitive develop-
ment, school quality, neighborhood characteristics, cultural 
exposure, and children’s chronic stress exposure (Bradley 
and Corwyn 2002). In addition, executive function (EF) 
is considered to be among the most pronounced cognitive 
correlates of SES (Lawson and Farah 2017), as it supports 
school achievement by encompassing cognitive processes 
that enable top-down control of attention and behavior (Best 
and Miller 2010). In this regard, the findings of Hair et al. 
(2015) suggest that specific brain structures tied to processes 
critical for learning and educational functioning, such as 
sustained attention, planning, and cognitive flexibility, are 
vulnerable to the environmental circumstances of poverty 
such as limited stimulation, life stresses, and nutrition. These 
researchers found developmental differences between 15 and 
20% in brain structures that are known to influence critical 
processes and skills, including reading comprehension, lan-
guage usage, and associative learning and thinking, which 
can explain achievement deficits in low income children.

It is also reported that the longer children live in poverty 
the greater their academic deficits will be (Harwell et al. 
2017). As such, childhood SES can be conceptualized as 
a proxy for many experiences that tend to differ along SES 

lines. A recent review of relations between measures of SES 
and academic achievement (Harwell et al. 2017) however, 
found that this relationship is surprisingly modest, report-
ing an average SES-achievement correlation of 0.22. The 
association does however appear to have strengthened in 
the past three decades. Longitudinal research findings of 
Marks (2016) also showed that early cognitive skills rather 
than SES play a role in the later academic achievement of 
fourteen to sixteen year-olds, which adds to contradictory 
findings regarding the role of SES in academic achieve-
ment. These results also contradict the findings of Hair 
et al. (2015) by stating that SES does not have a significant 
influence on early cognitive skills (Marks 2016). Ferreira 
et al. (2018) report that the effect of SES was lower in older 
children than for younger children.

MP of children growing up in poverty is also linked 
to negative academic outcomes and cognitive skills (Fer-
guson et al. 2007; Krombholz 2012; Pienaar et al. 2013; 
Bellibas 2016; Corso et al. 2016). Several other researchers 
also claim socioeconomic influences on children’s percep-
tual and motor skills (Krombholz 2012; Pienaar and Kemp 
2014; Morley et al. 2015). The dynamic systems theory that 
is generally used when studying the motor development of 
children, postulates that motor development is influenced by 
the complex interaction between environmental demands, 
the characteristics of the task, and the child itself (Newell 
1986). Thus, the development of children, whether posi-
tive or negative, is influenced on both motor and academic 
achievement levels by their interactive surroundings (Newell 
1986). Negative influences can include a lack of stimulation 
and environmental opportunities to develop these skills.

The demographics of South Africa includes a large 
variety of ethnic groups, languages, cultures and socio-
economic circumstances that contribute to extremes and 
inequalities in the development of children (Edginton et al. 
2012). Approximately 63% of young South African chil-
dren live in poverty, which could negatively influence their 
cognitive, emotional and physical development (Hall et al. 
2016). When South African children enter their grade 4 
school year after completing the foundation phase, they 
are confronted with various changes in the school curricu-
lum to which they need to adapt. From grade 4, all learn-
ers receive learning content and instructions in English, 
while their official home language is one of the various 
African languages spoken in South Africa. This results in 
the majority of learners receiving instruction in their sec-
ond or third language during their intermediate and senior 
phase years (Hugo and Nieman 2010). These researchers 
argue that when learners can speak and write in a second 
language, it does not automatically mean they have the 
ability to understand concepts, reason, or study success-
fully in the second language. Instruction in a second lan-
guage not only leads to 20% of learners not understanding 
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the instructions, having limited vocabulary, being unfa-
miliar with phonics and struggling with correct spelling, 
but also leads to errors that are transferred to learners by 
teachers who also are not proficient in the second language 
used (Nel and Müller 2010). New learning areas are also 
introduced in this grade, which require moving to differ-
ent classes and different teachers during the school day. 
As children progress through formal schooling they are 
also constantly presented with changing tasks that increase 
in complexity and applications of cognitive load in early 
childhood (Cameron et al. 2016). Associations and tra-
jectories between required tasks and motor demands may 
therefore change over time and become less relevant for 
achievement. Longitudinal studies are however needed for 
an improved understanding of these associations. Cameron 
et al. (2016) confirmed a relationship between MP and 
academic achievement, but encourages a theoretical and 
methodological approach to clarify the mechanisms that 
implicate motor skills in school performance and achieve-
ment, while theoretical models are also encouraged when 
the relationship between SES and academic achievement 
is assessed (Harwell et al. 2017).

Taking into account the unique demographics of 
the South African population and the challenges that it 
poses to academic achievement, in combination with the 
complex array of other possible influences on academic 
achievement as indicated in the literature background, a 
deeper understanding of these interrelations will be of 
value. Understanding of changes in the importance of SES 
and MP on academic achievement of primary school chil-
dren over the short and long term are also warranted. No 
evidence of longitudinal analysis of these relations is cur-
rently available on South African children, which neces-
sitates research to fill this knowledge gap in the literature. 
The main interest of this study is therefore the prolonged 
influences of MP and SES on academic achievement over 
the primary school years. The above literature review por-
trays correlations between motor proficiency and academic 
achievement, as well as between motor movement and 
brain development, while reporting on the influences of 
SES on various developmental domains of young children. 
Low SES seems to influence both academic achievement 
and MP, perhaps not only in the short term, but also in the 
long term. Limited evidence is also reported to conclu-
sively confirm relationships between MP and academic 
performance, while the reasons behind SES and MP influ-
ences on academic achievement are also still not clear and, 
in some cases, conflicting. The role of academic achieve-
ment in the relation is also still unclear.

Thus, to examine these interrelations and to verify if these 
relationships influence later academic achievement, a medi-
ating model was constructed (see Fig. 1). To construct this 
model, we first hypothesized that MP (a composite measure 

that includes fine motor control, manual coordination, 
strength and agility, and balance), SES (a composite measure 
of school quality and location of the school), and academic 
achievement would be interrelated over the primary school 
grades. Our second hypothesis was that academic achieve-
ment in grade 4 would mediate the relationship between MP, 
SES and academic performance. We used a SEM analysis 
to analyze mediation influences (when a predictor affects an 
outcome through the mechanism of a third variable), that 
may help explain the possible harmful effects of differences 
in SES and MP on academic achievement.

Methods

Study Design

Grade 1- to 7-learners in the North-West Province of 
South Africa were the target population for this study. 
The North-West Child Health, Integrated with Learn-
ing and Development (NW-CHILD) longitudinal study 
which extended over the entire primary school period of 
seven school years (2010–2016) was used and included 
a baseline and two follow-up measurements within this 
period. Participants were identified in 2010 in their grade 
1 year by means of a random sample, with the baseline 
measurements done in the same year, where after the first 
follow-up measurements were completed in 2013 (grade 
4) and the final measurements in 2016 (grade 7). This 
study design enabled three time point measures within a 
six-year follow-up period. The population was selected 
by means of a stratified random sample in conjunction 
with the Statistical Consultation Service of the North-
West University.

To determine the sample, a list of schools in the 
North-West Province was obtained from the Department 
of Basic Education, where after stratification was done 
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Fig. 1   Visual representation of the proposed theoretical mediating 
model
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according to school districts, school types (quintile 1 to 
5), and gender. From this list, which is grouped into eight 
education districts, each with 12 to 22 regions that repre-
sent approximately 20 schools (minimum 12, maximum 
47) per region, four school districts and 20 schools were 
randomly selected with regard to population density and 
school status (quintile 1—schools from poor economic 
areas to quintile 5—schools from good economic areas).

South Africa uses a poverty classification system to 
categorize schools in different quintile groups based on 
SES factors. The classification system of the National 
Census information was used, which included income, 
ratio of dependents, and literacy levels (Pauw 2005). 
Schools with a quintile 4 and 5 classification represented 
high socioeconomic areas, while quintiles 1, 2 and 3 
schools represent children from low socioeconomic areas. 
These schools are also poorly equipped with teaching aids 
and provide free education and school feeding schemes 
to children.

Participants

The research group formed part of the 2010, 2013 and 
2016 measurements of the NW-CHILD longitudinal study 
(N = 381). In 2010, 880 participants were invited to par-
ticipate of which 816 took part in the base line testing. 
Almost half (46.69%) of the participants were involved 
in all three measurements, with a random loss of partici-
pants. The group of 381 participants represented different 
quintile schools (quintile 1 to 5), as well as various racial 
groups (black and white) (Table 1).

The mean age of the group was 6.86 years (± 0.39) in 
2010, 9.90 years (± 0.38) in 2013 and 12.9 years (± 0.38) 
in 2016. The total group included an equal distribution of 
boys and girls, with the majority of the participants being 
black (72.70%). A large number of participants were from 
low socioeconomic circumstances (57.22%). These statis-
tics correspond with the population demographics within 
South Africa and indicate a good representation of the 
country’s population composition.

Data was collected by senior researchers in Kinderki-
netics and Kinderkinetics Honours students. Trained inter-
preters explained the test instructions to the participants 
whenever the mother tongue of the participant was neither 
English nor Afrikaans. Training enabled the interpreters 
to act with insight.

Data Collection

Bruininks Oseretsky Test of Motor Proficiency, Second 
Edition

The Bruininks Oseretsky Test of Motor Proficiency, sec-
ond edition (BOT-2) uses purposeful activities to deter-
mine motor skills proficiency between the ages of four and 
21 years of age. The BOT-2 consists of four main compo-
nents, namely; fine motor control, manual coordination, 
body coordination, strength and agility, and the following 
eight sub-components form part of the aforementioned 
main components: (1) fine motor precision, (2) fine motor 
integration, (3) manual dexterity, (4) bilateral coordination, 
(5) balance, (6) running speed and agility, (7) upper limb 
coordination and (8) strength. Four options are available to 
use (complete form, short form, selected composites and 
subcomponents). Internal consistency values of between 
r = 0.70 and r = 0.89 are reported, indicating reliability 
between subtest scores, composite scores, Short Form scores 
and BOT-2 complete form scores (Bruininks and Bruininks 
2005). The BOT-2 Short Form is also found to be reliable 
(r = 0.88–0.92) in children living in remote Australian Abo-
riginal communities (Lucas et al. 2013).

For the purposes of this study the short form (referred to 
as BOT-2 Short Form Total in the results), as well as three 
complete subcomponents (strength, running speed and agil-
ity, and balance) were used. The short form takes approxi-
mately 20 to 30 min to complete, with an additional 10 min 
to prepare the testing area. Raw scores were converted 
to point scores and converted to gender specific standard 
scores which were then used to determine age equivalent 
descriptive categories and percentile values (Bruininks and 

Table 1   Descriptive statistics of 
the participant group (N = 381)

N number of participants, SES 
socioeconomic status

Variables Number (N) %

Boys 181 47.51
Girls 200 52.49
White 104 27.30
Black 277 72.70
Low SES 218 57.22
Boys 92 24.15
Girls 126 33.07
White 0 0.00
Black 218 57.22
High SES 163 42.78
Boys 89 23.36
Girls 74 19.42
White 104 27.30
Black 59 15.48
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Bruininks 2005, pp. 1–6). Percentile values less than 18.0% 
were classified as below average MP (Bruininks and Bruin-
inks 2005). The BOT-2 is considered a reliable test battery 
with values varying between r = 0.7 and r = 0.8 for different 
age groups with sufficient validity, which provides effective 
measurements of gross and fine motor control skills (Bruin-
inks and Bruininks 2005). Excellent psychometric properties 
(α = 0.92) and strong test-rest reliability are reported for the 
BOT-2 (Wuang and Su 2009; Yoon et al. 2006).

Academic Achievement

In 2010 when the participants entered the Foundation phase 
of primary school (grade 1), the mid-year June progress 
reports of each participant were used as a proxy of their aca-
demic achievement. Basic academic literacy skills (numer-
acy, literacy and writing skills) were assessed by the class 
teachers by means of The Mastery of Basic Learning Areas 
assessment method. Numeric skills (mathematics) as well 
as reading (language literacy) and writing skills (standard 
of handwriting and pencil grip) were evaluated on a scale of 
one (1) to four (4). A score of (1) indicated no mastery; (2) 
partial mastery; (3) if the skill has been mastered; and (4) for 
exceptional mastery (CAPS Foundation 2011). These scale 
scores were then converted to percentages.

In 2013 and 2016 (the intermediate and senior phase 
years of primary school), the academic mid-year June school 
progress reports of the participants were used. Achievement 
percentages in six learning areas including Mathematics; 
Home Language; Second Language; Natural Sciences; 
Social Sciences and Technology and Life Orientation, as 
well as a grade point average (GPA) (CAPS Intermediate 
2011), were included in this report. Academic percent-
ages were interpreted as follows: 80–100% reflect excellent 
achievement; 70–79% meritorious achievement; 60–69% 
described significant achievement; 50–59% adequate 
achievement; 40–49% average achievement; 30–39% basic 
achievement; and 0–29% indicated that the learning outcome 
“was not reached”.

In 2013 the results of the Annual National Assessment 
(ANA) of academic achievement were additionally used. 
This assessment took place in the third semester (Septem-
ber) of each year. During this assessment, the language 
(Home and Second language) and mathematical abilities of 
all South African learners were assessed nationally and were 
made available in percentages to our research team (Depart-
ment of Education 2014).

In 2016, the Annual National Assessment (ANA) was 
not written because of unforeseen reasons and was nation-
ally replaced by provincial assessments which were similar 
and comparable. The results obtained in the North-West 
Provincial Assessment (NWPA) were therefore used which 
included assessments in percentages of all learners in the 

North-West Province in Afrikaans, English, Setswana (lan-
guages), and Mathematics. To be able to compare academic 
achievement results in grades 1, 4 and 7, academic achieve-
ment percentages in only languages (reading in grade 1, and 
Home and second language in grade 4 and grade 7) and 
Mathematics were used in this study.

Procedure

Ethical Considerations

Ethical approval based on the Helsinki Declaration and “Eth-
ics in Health Research: Principles, processes and structures” 
(Department of Health, South Africa 2015) was obtained for 
the NW-CHILD study, from the Ethics Committee of the 
North-West University (No. NW-00070-09-A1). Permission 
was also obtained from the Department of Basic Education 
of the North-West Province, South Africa, while the school 
principals had to grant permission for the gathering of the 
data during school hours. The parents and legal guardians 
of all participants had to grant parental permission, while 
participants had to provide written assent after all testing 
procedures were explained to them. Participants had time 
to ask questions and were informed of the option to decline 
participation. Exclusion criteria were applied when the par-
ticipant did not meet the abovementioned criteria, was not 
present on the day and time of testing or was feeling sick.

Statistical Methods

The TIBCO Statistica for Windows, Version 13.3 and the 
Analysis of Moment Structures (AMOS, version 25) com-
puter programs were used to analyze the data (AMOS 
2017; StatSoft 2016). For descriptive purposes, means (M), 
standard deviations (SD) and minimum and maximum val-
ues were calculated (StatSoft 2016). Spearman Rank Order 
correlations were used to analyze correlations between early 
MP and academic achievement where the following cut offs 
were used as guidelines for practical significance: r ≈ 0.1 
indicate a small practical effect, r ≈ 0.3 a moderate practi-
cal effect and r ≥ 0.5 a large practical effect (Cohen 1988).

Repeated measures ANOVA was performed on all MP 
and academic achievement variables for the different SES 
groups over time. A p value smaller than or equal to 0.05 
indicated statistical significance, while practical significant 
effects were indicated by Cohen’s d values of d = 0.2 (small); 
d = 0.5 (medium) and d = 0.8 (large) cut-offs (Cohen 1988).

The Analysis of Moment Structures computer program 
(AMOS, v.25) was used to execute a latent growth curve 
analysis within a structural Equation Model (Structural 
Equation Modeling/SEM) framework to determine the rela-
tion between MP, SES and academic achievement over the 
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period of seven primary school years. The effect of SES was 
determined by using a dummy variable. Children from low 
SES backgrounds received a “1” coding, and children from 
a high SES coded as “0”.

Results

Correlations between early MP and later academic achieve-
ment are presented in Table 2 as well as between academic 
achievements in the different grades. These results confirm 
small to moderate correlations between early MP (grade 1) 

and academic achievement in language, math and the grade 
point averages in grades 4 and 7.

Early academic achievement also correlated significantly 
with academic achievement in grades 4 and 7. All correla-
tions ranged between small to moderate, with slightly higher 
correlations found between academic achievements during 
the earlier grades.

The results of a repeated measures ANOVA of MP and 
academic achievement of the participants divided into low 
and high SES groups over the three time-points, are pre-
sented in Table 3. Statistically significant (p > 0.01) SES 
and SES over time differences are found in the strength and 
overall MP and also between math, language, and the GPA 

Table 2   Spearman rank order correlations between MP and academic achievement in grade 1 (2010), and grade 4 and grade 7

Ss scale score, sc standard score, R and A running speed and agility, BOT-2 total BOT-2 Short Form Total, Maths mathematics, GPA grade point 
average, MS Error mean square error
r > .1, r > .3, r > .5; *p ≤ .05

Year Grade 1 Grade 1

Motor proficiency (2010) School assessment (2010)

BOT-2 total (ss) R and A (sc) Strength (sc) Balance (sc) Language Math GPA

Motor proficiency
 2013
  R and A (sc) .23* .43* .28* .27* − .01 .00 − .01
  Strength (sc) .30* .20* .32* .21* .05 .08 .06
  Balance (sc) .21* .21* .20* .38* − .09 − .04 − .08
  BOT-2 total (ss) .53* .30* .31* .27* .21* .24* .23*

 2016
  R and A (sc) .25* .30* .15* .10 − .05 − .05 − .06
  Strength (sc) .29* .21* .26* .16* .05 .09 .06
  Balance (sc) .08 .11* .14* .26* − .08 − .10 − .09
  BOT-2 total (ss) .42* .20* .19* .22* .11* .24* .11*

Academic achievement
 School assessments
  2013
   Language .33* .00 .09 − .05 .40* .43* .44*
   Mathematics .22* .04 .06 − .02 .34* .42* .39*
   GPA .29* − .00 .09 − .04 .44* .46* .47*
  2016
   Language .23* .08 − .00 − .06 .43* .41* .45*
   Mathematics .23* .02 .13* − .00 .28* .28* .31*
  GPA .33* .01 .09 − .07 .39* .42* .43*

 Provincial assessments
  2013
   Language .32* .01 .17* − .00 .38* .41* .43*
   Mathematics .31* − .00 .08 − .04 .36* .36* .38*
   GPA .36* .01 .13* − .03 .42* .42* .45*
  2016
   Language .19* .01 .03 − .08 .38* .37* .40*
   Mathematics .26* .03 .01 .01 .33* .31* .35*
   GPA .35* .01 .08 − .05 .40* .40* .43*
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during both the school and provincial assessments. The 
established effect sizes (ES) showing poorer performance 
in the low SES group, were all of moderate to large practi-
cal significance (ES > 0.5). This confirms a negative impact 
from low SES on MP and academic achievement.

Statistically significant (0.046 < p < 0.000) SES over 
time interaction effects were also established for overall 
MP (BOT-2 total) and math, language, and GPA during 
the school and provincial academic assessments, indicating 
higher performance in the high SES group over all three time 
points. Up to 10 percent variations were evident between the 
groups in language achievement with slightly higher differ-
ences in math and the GPA during each time point assess-
ment. Differences in math between the groups also widened 
to almost 13% in grade 7 in the school assessment (45.39% 
vs. 58.54%) and to 16% in the provincial assessment (41.8% 
vs. 58.79%).

SEM analyses were performed separately for both the 
school and provincial assessments and nearly similar results 
were obtained. We therefore only displayed the SEM results 
of the school assessment. Figures 2 (saturated model) and 
3 (mediation model) portray the interrelations between MP 
and SES with academic achievement in grade 1, grade 4, 
and grade 7. The models showed acceptable Comparative 
fit index (CFI) values of both 0.924, while the Degrees of 
Freedom (CMIN/DF) values of respectively 3.054 and 2.997 
were also acceptable (Mueller 1996). The Root Mean Square 
Error of Approximation (RMSEA) values of respectively 
0.074 and 0.072 with a 90% interval of [0.063; 0.084] and 

[0.062; 0.083] were found, which indicated good fit criteria 
for these models according to Blunch (2008).

The SEM analysis (Fig. 2) showed significant interre-
lations between MP, SES and academic achievement in 
grade 1. MP and academic achievement correlated posi-
tively (0.235), SES and academic achievement negatively 
(− 0.271), while SES and MP also showed a significant neg-
ative correlation (− 0.310). Grade 1 academic achievement 
(0.401) and SES (− 0.413) showed direct significant regres-
sion coefficients with academic achievement in grade 4.

Grade 4 academic achievement acted as a full mediator of 
these relationships (0.693), therefore only an indirect rela-
tionship with grade 7 academic achievement was evident. 

Table 3   Repeated measures ANOVA results on MP and academic achievement time point differences between low and high SES participants

Ss scale score, sc standard score, R and A Running speed and Agility, BOT-2 total BOT-2 Short form total, GPA Grade Point Average, MS Error 
mean square error
# d = .2; ##d = .5; ###d = .8; *p ≤ .05

Low socioeconomic 
status

High socioeconomic 
status

MS error SES
p value

Time
p value

SES–time
p value

Effect sizes (E) 
Between group differences
d value

2010 2013 2016 2010 2013 2016 2010 2013 2016

Motor proficiency
 R and A (sc) 18.33 18.08 17.49 17.52 17.53 17.68 14.9 .213 .481 .189 0.43# 0.32# 0.08
 Strength (sc) 15.82 16.61 13.43 16.46 17.83 14.60 6.4 . < 01* . < 01* .233 0.34# 0.68## 0.74##

 Balance (sc) 12.88 13.75 15.62 12.37 12.91 15.13 12.4 .082 . < 01* .805 0.26 0.38# 0.26
 BOT-2 total (ss) 39.63 48.06 44.03 44.36 52.60 47.11 25.0 . < 01* . < 01* .046* 1.91### 1.67### 1.29###

School assessments
 Language 68.19 49.97 58.26 77.71 67.93 64.92 142.0 . < 01* . < 01* . < 01* 2.22### 4.60### 1.87###

 Mathematics 71.95 57.90 45.39 83.92 66.13 58.54 184.0 . < 01* .000* . < 01* 2.83### 2.07### 3.30###

 GPA 69.42 54.58 52.78 79.78 68.79 64.29 108.0 . < 01* .000* .039* 2.50### 3.98### 3.47###

Provincial assessments
 Language 69.63 46.18 54.50 77.72 69.60 62.24 175.0 . < 01* .000* . < 01* 1.89### 5.68### 2.15###

 Mathematics 72.10 41.48 41.80 84.03 60.12 58.79 236.0 . < 01* .000* .014* 2.82### 4.48### 3.91###

 GPA 69.61 42.95 45.66 79.78 64.76 60.31 134.0 . < 01* .000* . < 01* 2.46### 5.54### 4.50###
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Fig. 2   Growth curve (saturated model) of academic achievement for 
MP, SES with standardized regression coefficients (*p < .05)
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No direct effect for MP or SES was found with grade 7 
academic achievement. Academic achievement in grade 1, 
however showed a direct regression coefficient with aca-
demic achievement in grade 7 (0.132). A partial mediation 
percentage of 67.8% was established for academic achieve-
ment in grade 4, while academic achievement in grade 1 was 
not fully mediated but still displayed a 33.0% direct effect 
(0.132) on grade 7 academic achievement. The influence of 
SES (− 0.413) was however very similar to academic perfor-
mance in grade 1 (0.401) on grade 4 academic achievement 
in the saturated model, although slightly higher in the medi-
ated model (− 0.413 vs. − 0.417, Fig. 3). Academic achieve-
ment in grade 4 acts as a partial mediator variable between 
academic achievement in grade 1 and grade 7, therefore 
completely mediating the unique relationship of early MP 
and SES on academic achievement in grade 7.

Discussion

This study first aimed to determine the interrelations 
between MP, SES and academic achievement in grade 1 and 
over the span of 7 school years, in South African primary 
school children. The second aim was to determine whether 
these influences might be mediated by other influences such 
as academic achievement in grade 4.

Spearman rank order correlations confirmed small-to-
moderate significant correlations between MP in grade 1 
and academic achievement in grade 4 (r = 0.22 to r = 0.36), 
and in grade 7 (r = 0.19 to r = 0.35). The SEM analyses fur-
thermore confirmed significant inter correlations in grade 1 
between MP and academic performance (0.241), SES and 
academic performance (-0.272), while SES and MP were 
also moderately correlated (-0.316) in both the saturated and 
mediated models. Such interrelations are also confirmed by 
other studies (Cadoret et al. 2018; Corso et al. 2016; Cheng 
and Kaplowitz 2016; Da Silva Pacheca 2016; Hair et al. 

2015; Krombholz 2012; Lawson and Farah 2017; MacDon-
ald et al. 2018; Piek et al. 2008; Pienaar et al. 2013; Son and 
Meisels 2006).

The mechanisms behind the association between move-
ment and SES in academic achievement are considered to 
be complex (MacDonald et al. 2018). Shared higher order 
cognitive processes are reported for motor and cognitive 
functions (Diamond 2000) where the use of corresponding 
brain structures, such as the cerebellum and the prefrontal 
cortex, in the execution of both cognitive and motor tasks is 
considered by some researchers as a possible explanation for 
this association (Diamond 2000; Westendorp et al. 2011). 
Cameron et al. (2016) furthermore reasoned that influences 
of movement should be analyzed outside the movement itself 
as motor skills include cognitive processes that give rise to 
movements, including perceptual-motor, sensorimotor, and 
psychomotor skills which implicate sensory perception and 
the interaction of the movement systems (i.e., body parts) 
with the cognitive system (Adolph and Berger 2006).

Influences of Academic Achievement

Academic achievement in grade 1 influenced academic 
achievement in grade 7, revealing a 33% direct influence. 
In both the saturated and mediated models, academic per-
formance in grade 1 (which is influenced by SES and MP 
and thereby presenting a carry-over effect of these influ-
ences to academic achievement in grade 7), also correlated 
with later academic achievement in grade 4 (0.401; 0.398), 
and consequently with grade 7 achievement. In agreement, 
Marks (2016), reported that prior academic achievement and 
cognition during early childhood influenced later academic 
achievement in Australian children.

Influences of SES

Repeated measures of ANOVA confirmed significant dif-
ferences between participants from low and high socio-
economic backgrounds. Participants from low SES por-
trayed statistical (p ≤ 0.05) and practically poorer academic 
achievement (math, languages and GPA), strength and over-
all MP (BOT-2 total). Supporting findings are reported indi-
cating that the longer children are exposed to the influences 
of adverse environments, the worse their academic outcomes 
will become (Coro et al. 2009; Harwell et al. 2017). Our 
findings specifically showed increasing differences in math 
performance between SES groups from grade 1 to grade 7, 
which is consistent with the longitudinal findings of Corso 
et al. (2009) who also reported widening SES achievement 
differences in Canadian children.

SES appears to play a moderate significant role in aca-
demic achievement, with a direct influence on grade 4 
achievement (− 0.413; − 0.417) and thereby indirectly 
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Fig. 3   Growth curve (mediation model) of academic achievement for 
MP, SES with standardized regression coefficients (*p < .05)
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affecting academic achievement in grade 7. In the study of 
Marks (2016), SES explained between 6 and 15% of the var-
iation in academic achievement. The researchers confirmed 
a long-term influence of SES on academic achievement, 
albeit small, after the early cognitive skills and academic 
achievement of 3537 Australian children were considered in 
the analysis. Pokropek et al. (2015) used structural equation 
modelling and also confirmed a long-term negative influence 
of low SES on academic achievement.

The prolonged development of EF that includes cognitive 
processes, which enable top-down control of attention and 
behavior, may make school achievement particularly suscep-
tible to differences in experiences associated with childhood 
SES (Best and Miller 2010). These might be important rea-
sons for the direct influence of SES on academic achieve-
ment that remains up to grade 4 (Hackman et al. 2009). 
In support to this possible explanation, Hair et al. (2015) 
found that specific brain structures tied to processes critical 
for learning and educational functioning, such as sustained 
attention, planning and cognitive flexibility, are vulnerable 
to the environmental circumstances of poverty. These envi-
ronmental circumstances include limited stimulation, life 
stresses, and nutrition. Reading comprehension, language 
usage, and associative learning and thinking, of between 15 
and 20 percent could explain achievement deficits in low 
income children (Hair et al. 2015). A recent review of rela-
tions between measures of SES and academic achievement, 
Harwell et al. (2017) report a correlation of 0.22, with the 
association strengthening in the past 3 decades.

On a conceptual level, home language education during 
the early childhood development years is considered to be 
vital, as concepts that are imperative for attaining academic 
literacy since school entry are formed through language 
(Wright 2012). Alivernini and Manganelli (2015) report that 
SES impeded a significant and direct effect (p < 0.001) on 
reading skills (55%) of grade 4 Italian learners. The effect 
of SES was considered in their study along with pre-school 
education, and the influence of SES rather than pre-school 
education remained significant (p < 0.001), on both reading 
(31%) and early education (16%) (Alivernini and Manganelli 
2015). As of 2012, English as First Additional Language 
(FAL) was introduced from grade 1 in some schools in SA, 
instead of only from grade 3, while children whose edu-
cation was in their mother tongue up to grade 3, received 
further education from grade 4 in their second language, 
namely English. Hugo and Nieman (2010) argue that the 
ability to speak and to write in a second language, which 
is required from most intermediate phase children in South 
African schools who are also often from poor SES back-
grounds, does not infer the ability of concept understanding, 
reasoning, thinking and studying. As learners have to adapt 
to many changes in grade 4, this barrier could have influ-
enced academic performance negatively.

On a practical level, Wright (2012) emphasizes that lan-
guage education requires three essential aspects to be suc-
cessful, independent of when and which of the 11 official 
South African languages are taught (Wright 2012). Low SES 
schools often struggle with one or more of these aspects, 
which can contribute to poor language education, which 
again can have a ripple effect on academic achievement. 
These include a lack of well-educated and well-trained sec-
ond language fluent teachers (Nel and Müller 2010; Wright 
2012); state-of-the-art textbooks; and adequate school facili-
ties (Wright 2012).

Influences of MP

Results of the present study indicated that MP of first graders 
play a practically significant role in their academic achieve-
ment in grade 1, and also influences academic achievement 
in grade 4, where after an indirect path of influence on aca-
demic achievement in grade 7 was established. This indi-
cates that at later ages influences of MP is still recognized, 
although masked by other influences such as grade 4 aca-
demic achievements. Some researchers that studied the rela-
tionship between MP and academic achievement also report 
higher relationships at a younger age (Cameron et al. 2016; 
Coetzee et al. 2019; Morales et al. 2011). The involvement 
of perceptual processes such as perceiving spatial relations 
in academic outcomes such as math, however, are still veri-
fied at older ages (De Waal et al. 2018).

Successful behavior in the classroom is complex and 
requires perceptual, EF, spatial, and motor processes that 
interrelate and build on each other (Cameron et al. 2016). In 
the study of Van der Fels et al. (2015), complex motor skills, 
demanding higher order thinking such as fine motor skills, 
bilateral body coordination, and timed movements showed 
the strongest relations with cognitive skills, while less com-
plex motor skills such as balance and strength/agility were 
less related to cognitive skills. Movement should therefore 
be considered to be important for brain integration (Krog 
2015) and prepares the brain for academic tasks.

Our study included a composite score (BOT-2 SF total 
score) of gross and fine motor skills, which made it difficult 
to isolate specific motor effects as possible contributors to 
academic achievement. The BOT-2 SF total did however, 
correlate with academic achievement. Composite scores 
of strength, balance, and speed and agility skills were also 
available. Our findings ruled out balance and, speed and 
agility as contributors to academic differences, which agrees 
with other findings (Van der Fels et al. 2015; Ferreira et al. 
2018; MacDonald et al. 2018). Three sets of interrelated 
cognitive processes that contribute to self-regulation in chil-
dren are furthermore reported to be required by tasks that 
traditionally measure motor skills which are motor coordi-
nation, EF, and visuospatial skills and implicate the role of 
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motor skills in emergent academic numeracy and language 
literacy (Cameron et al. 2017).

Mediating Effects and Longitudinal Influences

As from grade 4, SES and MP were not directly associ-
ated with academic achievement in grade 7, as academic 
achievement in grade 4 mediated these influences. This par-
tial mediating influence of grade 4 academic achievement 
was 67.8%, indicating the highest direct effect on academic 
achievement in grade 7 (0.693; 0.731). In accordance with 
reported results prior academic achievement influenced later 
academic achievement more profoundly than other variables, 
such as SES (Marks 2016).

According to our results a good academic foundation, as 
well as academic concepts that are endorsed by MP and SES, 
have a higher claim on early academic success up to 9 years. 
Although these influences lose their unique contribution 
after grade 4 to previous academic achievement, it remains 
important to academic achievement over the primary school 
period. The mediation effect of grade 4 academic achieve-
ment might for instance be attributed to intelligence coeffi-
cients that may become more important at older ages, which 
was unfortunately not measured in this study. It might also 
be that associations may change over development and that 
cognitive load or demands of characteristics related to MP 
and SES, which are important for early academic success, 
might become less important in more complex tasks. When 
such automaticity occurs, the cognitive resources that were 
originally needed to perform the novel task become available 
for other challenges, such as effective problem solving and 
higher order learning (Ackerman et al. 1995). Understand-
ing of such possible changes in associations, however, needs 
more longitudinal research.

The findings do not only confirm the importance of a 
proper basic academic literary foundation for later academic 
achievement in grade 7. The carry-over/residue effect of 
grade 1 academic performance to later academic achieve-
ment is also significantly influenced by the relationships that 
academic performance in grade 1 have with negative influ-
ences of SES and inadequate MP. As poor SES is related to 
impaired MP, a combination of these negative influences 
on cognitive abilities which are needed in academic pro-
cesses, can therefore be detrimental to early academic suc-
cess. This can again contribute to later academic difficulties. 
Without consideration of the interrelations between MP and 
early academic achievement (Morales et al. 2011; West-
endorp et al. 2011) the influences of SES (Bellibas 2016; 
Cheng and Kaplowitz 2016; Corso et al. 2016) on academic 
achievement throughout the primary school period cannot 
be completely interpreted or addressed. It can therefore be 
concluded that no single variable is entirely responsible for 

the academic achievement of children, but various factors 
play a role in children’ academic achievements.

The strengths of this study were the randomized and 
longitudinal nature of the study design which portray a 
good representation of the South African demographics 
and which made robust analyses of the set hypotheses pos-
sible. A limitation was, however, the large percentage of 
participants (53.31%) that were lost-to-follow up, which 
might have influenced the generalization of the results. The 
results should therefore be interpreted with this shortcoming 
in mind. Another limitation includes the fact that SES was 
only based on the SES of the child’s school which is a SES 
proxy that portrays influences of the location and quality of 
the environment, while other indicators of SES, such as the 
environment at home or the income of parents, weren’t taken 
into consideration.

Conclusion

Children’s potential for academic success can be influenced 
at a young age by various factors. Our findings based on 
hierarchical linear modelling and a robust SEM analysis of 
longitudinal data confirmed the influences of SES and MP 
on early academic success, while also improving our under-
standing of these associations with early and later academic 
achievement over the primary school period. Our results 
confirmed a direct association between academic achieve-
ment in grades 1, 4, and 7, and interrelations between aca-
demic achievement, MP, and SES. Therefore, MP and SES 
influences can be considered to be critical role players and 
building blocks, especially in early academic achievement, 
that can set children on a trajectory of academic failure or 
success. Our findings thereby add to the scarce evidence that 
are provided by limited other studies in this area.

Recommendations

A deeper understanding of the mechanisms behind these 
associations are, however, still needed and recommended. 
Further examination of the relationships between MP, cogni-
tion and academic performance is still warranted as reviews 
on these relationships are scant, especially the relationship 
between gross motor proficiency and academic performance. 
The use of more robust study designs is recommended to 
investigate these relationships.

Proficient motor skills are foundational skills in the aca-
demic success of school-beginners, especially with obtain-
ing literacy in reading, writing and mathematics depending 
on it to a large degree. The development of perceptual-motor 
skills should therefore receive proper attention at a young 
age, especially at the pre-school level, by movement devel-
opment specialists, teachers and educators in early child 
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development centers, and in the formal school setup. The 
development of perceptual-motor concepts is of particular 
importance before the age of nine to ten (grade 4), since 
academic achievement in grade 4, according to the model, 
makes the biggest direct contribution to academic achieve-
ment in grade 7. The negative influences of adverse SES 
on children’s MP should also be addressed early, with spe-
cific focus on parental and school involvement to ensure 
the optimal stimulation of children. Focus should also be 
placed on children engaging in opportunities to improve 
perceptual-motor skills, as perceptual-motor skills are to a 
large extent improved by only age-appropriate learning and 
experiences. Academic achievements in grade 1 and grade 
4 again provide important foundations for later academic 
achievement and attention should thus be paid to quality 
education in these early grades to ensure that basic concepts 
for further academic learning are mastered. Well qualified 
language teachers should be provided with the best text-
books and school facilities, to effectively teach language 
related skills. The findings are of theoretical importance and 
of practical relevance, especially with respect to designing 
optimized interventions for enhancing perceptual-motor and 
school readiness in young children, especially in low SES 
environments.
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