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Bidirectional and Co-Developing Associations of Cognitive, Mathematics, and 
Literacy Skills During Kindergarten 

 
Claire E. Cameron, Helyn Kim, Robert J. Duncan, Derek R. Becker, Megan M. McClelland, with Amanda Seccia 

 

Associations between four cognitive and academic skills-- executive function (EF), visuo-motor integration, 
mathematics, and literacy, were examined in 555 children both before and after kindergarten. Skills before 
kindergarten predicted gains in at least one other skill, EF and mathematics predicted all skills, and children who 
learned relatively more in mathematics over the year made improvements in the three other skills. These findings 
suggest that cognitive and academic skills co-develop. This means that seemingly separate skills contribute to 
each other bi-directionally, that is, in a potentially reciprocal, supportive manner. 

 
 

INTRODUCTION 
Young children need both cognitive and 

academic skills to successfully transition into formal 
schooling. The co-development and symbiotic 
relationship between these two sets of skills has been 
strongly supported in empirical research. 

First, children who enter school with higher 
initial levels of cognitive skills, such as executive 
function (EF) and visuo-motor integration, make 
greater gains in academic skills, specifically in math 
and literacy. Second, children who learn more in EF 
or visuo-motor integration also learn more over the 
year in academic skills – and vice versa. This is 
known as co-development.  
 

Executive Function 
  Higher order cognitive processes that allow a child to: 
attend to a task, shift focus between tasks, avoid 
distractions, inhibit inappropriate responses, and 
remember directions. 
 
Visuo-motor Integration 
  Fine motor skills and visual-spatial skills that together 
allow a child to: perceive and understand spatial 
orientation, synthesize parts into a whole, manipulate 
cognitive representations, and reproduce models using 

controlled muscle movements. 

 

Co-development occurs because 
foundational mechanisms involved in EF and visuo-
motor integration are also required in numeracy and 
literacy skills, such as paying attention, inhibiting 
responses; and perceiving, manipulating, and 

copying symbols like letters and numbers.  
 There are three main limitations of existing 
studies that use a co-development framework. First, 
few studies incorporate associations between EF, 
visuo-motor integration, mathematics, and literacy; in 
the same study. Second, many studies include 
children from only one location which limits 
generalizability. Third, commonly used methods often 
over emphasize the contribution that differences 
between children (i.e., home environment, socio-
economic status, etc.) can have on the development 
of skills, and under emphasize the importance of 
change within the individual child over time (i.e., 
cognitive and academic growth). Thus, a 
generalizable study incorporating both cognitive and 
academic skills that accounts for both between and 
within-effects, is needed. 
 

THE STUDY 
 The goal of the current study was to examine 
(1) associations between kindergarten-entry skills in 
EF, visuo-motor integration, applied math problems, 
and letter-word recognition, and (2) to see if 
improvement in one skill is related to progress in the 
other three skills. 

Participants included 251 kindergarten 
students from South Carolina and 304 from Oregon, 
resulting in a total of 555 children. Students’ cognitive 
and academic skills were tested once before and 
once after kindergarten. Students across both sites 
were an average age of 5.28 and 6.28 years before 
and after kindergarten respectively, and 48% were 
male. 
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Each child was asked to complete four 
assessments: Head-Toes-Knees-Shoulders (HTKS) 
to assess EF, Beery-Buktenica Developmental Test 
of Visual-Motor Integration (Beery VMI) to assess 
visuo-motor integration, and Woodcock-Johnson 
Tests of Achievement (WJ-III) Applied problems to 
assess mathematics skills, and Letter-word ID to 
assess literacy. 
 

HTKS: Children are asked to follow a set of rules (i.e., 
when asked to touch your head, touch your toes). This 
requires integration of various components of EF while 
giving gross motor responses. 
 
Beery VMI: Children are asked to copy increasingly 
complex geometric figures. 
 
WJ-III: Applied Math Problems: Children are visually 
presented a math problem. They must view and listen to 
the problem, identify an appropriate procedure to solve it, 
and attend to important information while ignoring 
anything irrelevant to successfully solve the problem. 
 
WJ-III: Letter-word ID: Children are asked to first identify 
upper- and lower-case letters and then decode 
increasingly difficult words. 

 

FINIDINGS 
 Multi-level modeling was used to analyze 
children nested in 70 classrooms. Results indicated 
that children who achieved high scores on all four 
tests before kindergarten, improved on math and 
literacy tests significantly more at the end of 
kindergarten than those with lower initial scores. In 
addition, children who improved more on the applied 
mathematics test, had relatively greater 
improvements in all other skills. Similarly, those who 
improved throughout kindergarten in EF, visuo-motor 
integration, and letter-word recognition, also gained 
more in applied math problems. 
 The researchers concluded that all four skills 
serve as a foundation for early achievement: strong 
initial academic and cognitive skills allow for greater 
improvement in these skills after a year of 
kindergarten. 
 Evidence of co-development was also found 
in two places: between applied math problems and all 
three other skills, and between visuo-motor 
integration and letter-word recognition. 

 Combining data from two locations and using 
a strategic analytical approach allowed the 
researchers to conclude that associations between 
math improvement and the three other skills are due 
to changes within children and are not because of 
between-person differences.  
 

IMPLICATIONS 
 Childrens’ academic skill development is 
often prioritized in elementary curricula, but this study 
shows that cognitive skills are also important for 
school readiness. Results suggest that all four skills 
measured should be promoted in early elementary 
settings due to their bi-directional relationship. 
 Specifically, exposure to mathematical 
activities early in childhood may not only allow 
children to develop underlying skills that can be 
transferred to other areas such as literacy, but can 
also to enhance the function of cognitive processes 
which, in-turn, may promote even greater learning 
outcomes. The shared processes in math, literacy, 
and cognitive skills develop alongside one another 
and thus improvement in one area may lead to 
advancement in another. In sum, it is important for 
researchers to develop activities that facilitate both 
cognitive and academic skills. 
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