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Abstract 

Background: Exposure to mathematical pattern tasks is often deemed important for developing children’s 

algebraic thinking skills. Yet, there is a dearth of evidence on the cognitive underpinnings of pattern tasks and 

how early competencies on these tasks are related to later development. 

Aims: We examined the domain-specific and domain-general determinants of performances on pattern tasks 

by using (a) a standardised test of numerical and arithmetic proficiency and (b) measures of executive 

functioning, respectively. 

Sample: Participants were 163 6-year-olds enrolled in primary schools that typically serve families from a low 

to middle SES background. 

Method: Children were administered a battery of executive functioning (inhibitory, switching, updating), 

numerical and arithmetic proficiency (the Numerical Operations task from the Wechsler Individual 

Achievement Test-II), and three types of pattern tasks.  

Results: Contrary to findings from the adult literature, we found all the executive functioning measures 

coalesced into two factors: updating and an inhibition/switch factor. Only the updating factor predicted 

performances on the pattern tasks. Although performance on the pattern tasks were correlated with 

numerical and arithmetic proficiency, findings from structural equation modelling showed that there were no 

direct or independent relationships between them. 

Conclusions: The findings suggest that the bivariate relationships between pattern, numeracy and arithmetic 

tasks are likely due to their shared demands on updating resources. Unlike older children, these findings 

suggest that for 6-year-olds, better numerical and arithmetic proficiency, without accompanying advantages in 

updating capacities, will no more likely lead to better performance on the pattern tasks. 
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The Cognitive Underpinnings of Emerging Mathematical Skills: Executive 

Functioning, Patterns, Numeracy, and Arithmetic 

 

A recent report from the US Presidential Mathematics Advisory Panel (2008) identified algebra as a 

pivotal skill for academic and economic advancement. Although specific details of the report have proven 

controversial, algebra is generally deemed a prerequisite skill for advanced studies in both mathematics and 

the sciences. A number of scholars have argued for the importance of mathematical patterns tasks (e.g., 

Mason, 1996; Orton & Orton, 1999) as a building block for developing algebraic skills. Indeed, the Algebra 

Standard (National Council of Teachers of Mathematics, 2000) identified ability to (a) understand patterns, 

relations, functions, and (b) analyse change in various contexts as important components of algebraic 

thinking. In a series of studies, Lee and his colleagues (Lee, Ng, & Ng, 2009; Lee, Ng, Bull, Pe, & Ho, 2010; 

Lee, Ng, Ng, & Lim, 2004; Ng & Lee, 2009) focused on 10- to 11-year-olds and examined the extent to 

which understanding patterns and using mathematical models contributed to success in solving algebraic 

problems. In this study, we focused on the earlier building blocks and examined the cognitive underpinnings 

of pattern skills in the first year of schooling. 

What are pattern tasks? 

Pattern tasks are often used to introduce children to the abstract concept of change. In early 

schooling, children typically work with simple patterns where they are required to predict what comes next 

(e.g., □, ◊, ○, □, ◊, ○, □, ?, ○). For older children, sequences involve more sophisticated numerical 

relationships (e.g., 0, 1, 1, 2, 3, 5, 8, ?, 21, 34). Although pattern tasks vary in complexity, a competency that is 

believed to affect success is children’s capacity to identify what changes and what remains constant. For 

young children, what remains unchanged is probably more overt in core repeating numerical patterns (e.g., 5, 

7, 5, 7, 5, ?, 5, 7) than in growing number patterns (e.g., 4, 5, 6, ?, 8). However, common to both tasks is that 

recognition of the unchanging aspect of each pattern allows for the generation of a response for the aspect 

that is changing.  
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Although sequences involving core repeating patterns are relatively straightforward, other patterns 

can be very challenging. In a shapes-within-shapes geometric task, for example, the geometric pattern is 

composed of several dyads (e.g. ). Sequences in these tasks are constructed by 

manipulating the size, shape, and the relative position of the geometric shapes within a dyad. In some 

sequences, nothing remains constant between the elements of each dyad: all three attributes change. To 

complete the task, children have to manage competing information provided by the attributes within and 

between dyads. The constancy of the pattern emerges by comparing how attributes are kept constant between 

dyads.  

With core repeating patterns, growing number patterns, and shapes-within-shapes, the elements in 

each task are organised and presented linearly. Children are always asked to identify the “next” item in a series 

that progresses from left to right. Function machine tasks differ in that children are asked to identify the rule 

governing related pairs of inputs and outputs. Older children are asked to study pairs of input and output, 

(e.g., 1:3; 2:5; 4:9; 5:?; ?:13), identify the rule governing the relationship between the input and output, and use 

the rule to compute the missing items. For younger children, numbers or geometric shapes are arranged in 

columns, the inputs on the left hand column, the output on the right, with a “special machine” relating the 

input with the output.  

Problem solvers adopt a variety of strategies to complete pattern tasks. More sophisticated problem 

solvers will try to ascertain the functional relationship amongst the presented stimuli, generalise the rule, and 

compute the correct response. To ascertain the functional relationship, some children will focus on the initial 

numbers and try to get a sense of the structure underpinning the pattern by determining what remains the 

same and what changes (Mason, 1996). Others will use arithmetic to determine the numeric distance between 

each number and work out the structure by, again, determining what remains the same and what changes 

(Orton & Orton, 1999). Once the rule is ascertained, it is used to extend the number sequence until the 

missing number is found. Little information is available on how younger children approach these tasks. An 
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aim of this study is to examine the cognitive underpinnings of these tasks and the extent to which children 

draw on their emerging numeracy and arithmetic skills to solve these tasks.  

Cognitive Determinants 

In an earlier study, Holzman, Pellegrino, and Glaser (1983) found that the pattern performances of 

college adults and 10-year-olds were affected by the working memory demands of pattern tasks. In addition, 

performance was affected by the participants’ skills in arithmetic computation and in dealing with hierarchical 

relations. These findings are consistent with findings from Lee et al. (2010) in which individual differences in 

10-year-olds’ computational competency were positively correlated to their performances on pattern tasks, 

both concurrently and one year later.  

Ability to resist interference and to switch from one mode of operation to another may also be an 

important cognitive determinant. In all pattern tasks, problem solvers have to consider aspects of the stimuli 

that are changing versus those that remain constant. A successful response depends, at least partially, on 

being able to switch between and consider both elements. In a geometric function machine task, for example, 

a child may be given as input a variety of shapes in different colours, but the same yellow “L” shaped object 

as output. When asked to give the output for a small red triangle, many children will realise that “the objects 

remain the same”, but some will apply this constancy not to the output, but to the input and mistakenly 

choose a small red triangle as the response. Young children given a numeric function machine task (e.g., 2:3; 

3:4; 4:5; 5:?, ?:9) are faced with a related problem. Some children give responses that suggest a reliance on 

counting-on from the output rather than simple arithmetic (e.g., giving 6 instead of 8 as the input response to 

the last item in the previous example). When children are otherwise successful in simple arithmetic, such 

responses suggest an inability to resist interference from a prepotent skill.  

The Present Study 

An issue that remains unclear is the relationships between competency in numeracy and arithmetic, 

executive functioning, and performance on patterns tasks in young children. Several considerations prompted 

us to raise this issue. First, unlike number sequences typically given to older children, patterns administered to 
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younger children are often non-numerical in nature. For geometric pattern tasks, such as shapes-within-

shapes, children may need to draw on their executive resources, but no formal knowledge of number 

representational systems or computation is needed; as such we would predict minimal relationships between 

performances on the geometric pattern and arithmetic tasks. Of particular interest is the extent to which 

young children’s performances on numeric pattern tasks are, like older children’s, dependent on their 

numerical and arithmetic proficiency.  

Two aspects of the present study addressed these concerns. First, children were administered 

geometric and numerical versions of a function machine task in which they had to discern the relationships 

between input and output units. Because only the numerical function machine task required explicit 

knowledge of numeracy or arithmetic, we expected the two versions to have different patterns of correlation 

with our measure of numerical and arithmetic (NA) proficiency.  

If competencies in NA do indeed have a reduced role in geometric pattern tasks, what of the role of 

executive functioning? In a previous study conducted with 10- to 11-year-olds, Lee et al. (2010) found the 

relationship between working memory and performance on a numeric pattern tasks to be fully mediated by 

arithmetic competency. For younger children, if the role of arithmetic competency is indeed attenuated for 

geometric patterns tasks, the role of working memory may also be attenuated.  

Conversely, Holzman et al. (1983) found that, in adults and older children, the complexity of number 

series tasks was dependent on their working memory demands. Furthermore, they found individual 

differences in working memory predicted performance on pattern tasks even after competency on general 

attentiveness, test-taking experience, or numeric competency were controlled. Research from the wider 

inductive reasoning literature also shows a moderate correlation with working memory. Kail (2007), for 

example, found improvement in inductive reasoning to be driven by developmental increases in working 

memory amongst 8- and 13-year-olds (for a review, see Fry & Hale, 2000). These findings suggest that though 

the indirect relationship between working memory and non-numeric patterns performance may be attenuated 



7 

 

because of the reduced role of arithmetic, a direct relationship between working memory and patterns 

performance may be retained.  

In the present study, we examined the degree to which performances on numeric and geometric 

patterns tasks are predicted by executive functioning and NA proficiency. Following the model proposed by 

Miyake et al. (2000), we used tasks that are designed to measure three aspects of executive functioning: 

inhibition, switching, and updating or working memory. Recent studies have produced mixed findings on 

whether these functions are separable in childhood  (Bull, Espy, Wiebe, Sheffield, & Nelson, in press; 

Huizinga, Dolan, & van der Molen, 2006; Lehto, Juujaervi, Kooistra, & Pulkkinen, 2003; St Clair-Thompson 

& Gathercole, 2006; van der Sluis, de Jong, & van der Leij, 2007; Wiebe, Espy, & Charak, 2008). In our 

analyses, we first examined whether the three aspects of executive functioning are separable, followed by an 

examination of their relationships with performances on the pattern tasks.  

Method 

Participants 

Participants were 163 children (Mage  = 82.84 months, SD = 3.75, 82 boys) enrolled in 25 public 

schools serving families with low to middle SES backgrounds in western Singapore. The children were mainly 

ethnic Chinese, with a small number being of Indian and Malay ethnicities. Parental consent was obtained 

prior to commencement of the study. In Singapore, all non-language specific lessons are conducted in 

English. Due to absences from school and limited access, 33 children had partially missing data.  

Materials and Procedure  

A battery of executive functioning, patterns, and numerical fluency tasks was administered in 45 min 

to 60 min sessions, over five to six days.  

Pattern tasks. In the geometric and numerical function machine tasks, children were asked to 

identify missing input and output stimuli. In the geometric function machine task, children had to choose the 

correct output shape from amongst four response alternatives. In the numerical function machine task 

children were awarded scores for identifying a) the missing input variables, b) the missing output variables, 
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and c) the rules relating the input to the output units. In the shapes-within-shapes task, children were asked to 

determine the last of six elements in a series. All three attributes of the stimuli, i.e., size, shape and relative 

position of the shapes, are manipulated to form the pattern. Children were given four response alternatives. 

One point was given for each correct answer. For modelling purposes, we used scores for questions regarding 

the input, output, and rules as indicators for a latent variable presenting performance on the Shapes-within-

Shapes task. For the other tasks, we formed three indicator groupings with using alternate questions (i.e., 

Questions 1, 4, 7 to Group 1; Questions 2, 5, 8 to Group 2). 

NA proficiency. We used the Numerical Operations task from the WIAT-II (Wechsler, 2001) to 

measure NA proficiency. The first seven questions assessed knowledge of counting, one-to-one 

correspondence, and spoken and written numbers. Subsequent questions intended for primary school age 

children drew more heavily on arithmetic skills. One point was given for each correct response. Both the 

pattern tasks and the WIAT-II were each subdivided into three subscales in order for a latent version of each 

task to be computed. Similar to the pattern tasks, we used alternate questions to form three groupings of 

scores. 

Executive functioning tasks. We used three tasks to index children’s updating capacity. In the 

listening recall task (Alloway, 2007a), children listened to a series of sentences and assessed if each sentence 

was true or false. At the end of each trial, children had to recall the last word of each sentence in the order 

presented. Trials contained one to six sentences. The total number of points received from recalling the final 

word in each sentence in the correct sequence served as the dependent measure. 

In the Mister X task (Alloway, 2007a), two figures were presented on-screen. Children had to decide 

whether each figure held a ball in the same hand and to remember the position at which the target figure held 

the ball. At the end of each trial, the child had to recall the position of each ball in the correct sequence. Each 

block had six trials progressing from a block with one pair of figures to a block with seven pairs of figures. 

The dependent measure was the total number of positions correctly recalled in order. 
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In the pictorial updating task, pictures of animal were shown one at a time. Children had to recall the 

identities of a specified number of animals at the end of each trial. They were not told how many animals to 

expect to ensure that updating was being used in the task. The number of animals presented was varied 

randomly across trials (Min=3, Max=11). Children had to recall the last two animals to, in the more difficult 

trials, the last four. One point was given for every animal recalled correctly. 

Eight conditions from three tasks were used to assess efficiency in inhibition and switching. In the 

flanker task (modified from Fan, McCandliss, Sommer, Raz, & Posner, 2002), children were presented with a 

row of five fish facing either left or right with the target fish in the centre of the computer screen. The target 

fish appeared on its own (neutral condition), or was flanked on either side by two fish facing the same or the 

opposite direction (congruent or incongruent conditions respectively). In each trial, children were asked to 

identify, by key press, the direction the target fish was facing. The first block consisted of 20 neutral trials, 

followed by two pure blocks of 20 congruent, 20 incongruent trials, or vice versa to counterbalance possible 

order effects. To achieve a fast and accurate response, children in the incongruent trials have to inhibit the 

distracting information from the stimuli pointing in the wrong direction. This was followed by three blocks 

consisted of 28 randomly mixed trials in which children have to switch between congruent and incongruent 

trials. Such switching was expected to incur an increase in reaction time, the magnitude of which indexes a 

child’s efficiency in switching.  

In a Simon task modified from Davidson, Amso, Anderson, and Diamond (2006), a colour picture of 

either a frog or a butterfly appeared on the left or right side of the computer screen. Children were asked to 

lead the butterfly home by pressing a button on the left, and likewise for the frog by pressing a button on the 

right. A block of 25 congruent trials was followed by a block of 25 incongruent trials, or vice versa to 

counterbalance possible order effects. These were followed by four blocks of 21 randomly mixed congruent 

and incongruent trials.  

In the picture-symbol task (based on the Number-letter task,  Miyake et al., 2000), a bigram 

consisting of a picture and a symbol appeared in one of four quadrants on the computer screen. When the 
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bigram appeared in the top quadrants, children were asked to identify whether the picture was an animal. 

When the bigram appeared at the bottom quadrants, they were asked to identify whether the symbol was a 

number. Each time a bigram was shown, the children would hear a voice asking them, “Animal?” or 

“Number?” In the first block of 21 trials, the pair appeared only in the top quadrants. This was followed by 

another block of 21 trials where the pair appeared only in the bottom two quadrants. Presentation of these 

two blocks was counterbalanced. In the last two blocks of 33 trials each, the pair appeared in all four 

quadrants in clockwise rotation.  

Accuracy and reaction time (RT) scores were generated from all inhibition and switch tasks. 

Inhibition accuracy scores were computed as the number of correct incongruent trials divided by the total 

number of incongruent trials in the pure blocks of each task. Inhibition RT was the average RT in all 

correctly answered incongruent trials. Switch scores were computed from trials in the mixed blocks. In the 

picture-symbol task, Switches were generated from trials at which children switch from the animal to number 

or from the number to animal trials. In the flanker and Simon tasks, switch scores were generated from 

incongruent to congruent or from congruent to incongruent trials. Switch accuracy was computed from the 

number of correct trials divided by the total number of trials. RT measures were calculated by averaging 

scores from trials at which switching occurred (e.g., incongruent to congruent and congruent to incongruent). 

We also calculated base RT measures from the congruent and neutral trials of the flanker task, and the 

congruent condition of the Simon task.  

Results 

All measures were screened individually for missing values, outliers, and normality of distribution. 

For reaction time based data, we used a multi-step cleaning procedure. Data from different conditions of each 

task were screened separately. To compute a point estimate for each child, we first filtered out trials with 

inaccurate data. Second, we computed for each child means and standard deviations for each condition (e.g., 

incongruent to congruent switch). Trial data were deleted if they departed by more than three SD from that 

particular child’s mean. We classified RT values for a variable as missing if a child was accurate on fewer than 
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seven trials. We then collated all the individual point estimates and computed mean RT and SD for each 

measure. Scores that were more than three SD from the mean were replaced by values at three SD. Means 

and SD of all variables can be found in Table 1. 

----------------------------------------------- 

Insert Table 1 about here. 

----------------------------------------------- 

The amount of missing data due to inaccuracy was relatively small, < 6.7%. Nonetheless, they were 

spread across measures, resulting in 10 participants’ data being incomplete. To avoid a reduction in power, 

the confirmatory factor and structural equation analyses (described below) were conducted with the full data 

set. Missing values were not individually imputed; instead, models were estimated using all available data 

(from both complete and incomplete cases) with the full information maximum likelihood (FIML) approach 

in AMOS 18. To examine whether findings were affected by our treatment of missing values, we also re-

estimated our models with these children excluded from analyses.  

For the executive functioning measures, we found low to moderate correlations between the 

accuracy scores, and moderate correlations between the RT measures (see Table 2). Correlations between the 

executive functioning and mathematical measures were low to moderate, with updating showing higher 

correlations with the mathematical measures as compared to the inhibition and switching measures.  

 ----------------------------------------------- 

Insert Table 2 about here. 

----------------------------------------------- 

We conducted three sets of analyses to examine the relationships between executive functioning and 

mathematical performance. First, we examined whether geometric versus the numerical pattern tasks have 

different patterns of correlation with NA proficiency. Second, we conducted a confirmatory factor analysis to 

examine the relationships between the executive functioning measures. Because there is evidence for an 

undifferentiated or minimally differentiated executive functioning system in childhood, we compared a three-
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factor model against a two and a single factor models. The last model brought together the executive 

functioning and mathematical measures. 

Relationships between the Mathematical Measures 

Findings from older children suggested that they tend to fall back on arithmetic when they are faced 

with pattern tasks. We hypothesized that such dependence should be attenuated with geometric pattern tasks 

that do not explicitly require NA knowledge. Our analyses showed that a model in which paths from the NA 

Proficiency factor to the two geometric factors were held constant provided similar fit to the data as did an 

unconstrained model (see Figure 1 for model specification and Table 3 for fit indices). Comparison of models 

in which paths from NA Proficiency to the two Function Machine factors were constrained to equality 

showed that the Numeric Function Machine was more reliant on NA Proficiency than was its Geometric 

counterpart.  

----------------------------------------------- 

Insert Figure 1 and Table 3 about here. 

----------------------------------------------- 

Relationships between the Executive Functioning Measures 

We used a modified multi-trait multi-method model to analyse the relationships between the 

executive functioning measures. We estimated the processing cost associated with having to inhibit an 

unwanted response (or to switch from one mode of processing to another) by modelling each manifest 

measure as having two contributors. A latent variable that captured the efficiency of the inhibition or switch 

process and another that captured base reaction time from trials not requiring inhibition or switching (see 

Figure 2; base accuracy was not included because there was little variance in the data). This method of 

analysis avoid the reduction in intra-item reliability associated with the use of subtraction scores (Lord, 1958), 

while explicitly acknowledging the joint contributions of base RT and inhibitory/switch processes to 

performance. In addition, we captured task-based similarities by using two latent variables that corresponded 

to the tasks from which the inhibition and switch measures were derived.  
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----------------------------------------------- 

Insert Figure 2 about here. 

----------------------------------------------- 

The three-factor model failed to produce an admissible solution. Further analyses showed that this 

was likely due to an extremely high correlation between the Inhibition and Switch factors: an admissible 

solution was obtained when their correlation was constrained to .95. Substantively, this shows that a three-

factor specification was untenable. A two-factor model containing a combined inhibition/switch and an 

updating latent factor produced better model fit than did an undifferentiated model. Under the two-factor 

model, the Inhibition/Switch and Updating factors were not significantly correlated. Exclusion of participants 

with missing values produced the same pattern of findings. Of note is that three out of the five RT measures 

from the picture-symbol and Simon tasks failed to load on the inhibition/switch factor. These findings 

suggest that accuracy provides a better gauge of individual differences in executive functioning for young 

children than does RT.  

Relationship between the Executive Functioning, NA Proficiency, & Patterns Measures 

Here, we combined the two previous models and focused on whether relationships differed 

depending on whether the pattern tasks utilised geometric or numeric stimuli (see Figure 3). The model 

provided a good fit to the data, but inspection of the pairwise parameter correlations showed that regression 

paths between Updating and the two Function Machines (which were significant) and between NA 

Proficiency and the two Function Machines (which were non-significant) approached parity. To remove the 

collinearity, we tested the impact of constraining to zero paths from (a) Updating to Function Machines 

versus (b) NA Proficiency to Function Machines. The former produced markedly poorer model fit (χ2
diff = 

15.47, p <.01) than the original model, but the latter had negligible effect. All the findings reported below and 

in Figure 3 are based on models with paths between NA Proficiency to the Function Machine factors 

constrained to zero. 
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Updating strongly predicted NA Proficiency as well as Function Machine. The Inhibition/Switch 

factor did not predict proficiency on any of the mathematical factors. In comparison to the unconstrained 

model, a model with equality constraints on the paths between Updating and the two Function Machines 

revealed a poorer fit. Inspection of the standardised path weights showed that the Numeric Function 

Machine was more reliant on Updating than its Geometric counterpart. 

----------------------------------------------- 

Insert Figure 3 about here. 

----------------------------------------------- 

We obtained the same structural findings when the model was re-estimated using a sub-sample that 

did not have children with missing RT data (N = 10). The same structural findings were also obtained when 

we excluded, in addition to those above, children with missing data because of restricted school access or 

absences (N = 23). Perhaps because of the smaller sample sizes, half of the manifest measures did not cross-

load on the Flanker factor and had to be constrained to zero before the model converged on an admissible 

solution. In the absence of other changes in the overall pattern of findings, we viewed this departure to be of 

little consequence.   

The pattern tasks and the shapes-within-shapes task share some similarities with inductive reasoning 

and fluid intelligence tasks (e.g., the Raven’s Progressive Matrices). To examine the extent to which 

relationship between the updating and pattern measures are mediated by their relationships with fluid 

intelligence (Lee, Pe, Ang, & Stankov, 2009), we administered the Block Design task from the Wechsler 

Intelligence Scale for children (Wechsler, 1991) to a subset of the children (N = 82). The Block Design 

measure was modelled as an exogenous predictor with (a) bidirectional relationships with the Updating factor, 

(b) predictive relationship with NA Proficiency and all three pattern measures and (c) error variance from 

published values (Sattler, 2001). Findings from this smaller sample showed that the Block Design factor was 

significantly correlated with Updating (r = .60), but it failed to predict any of the pattern measures. 
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Controlling for its relationship with Block Design, Updating remained a significant predictor of both 

Function Machines.  

Discussion  

Our first set of analyses focused on whether performances on the pattern tasks were reliant on 

children’s NA proficiency and the extent to which these relationships were moderated by the modality of the 

pattern task. Although the geometric task did not seem to require any explicit NA knowledge, NA proficiency 

explained significant amounts of variance in all the pattern tasks, with more variance explained in the 

numerical than in the geometric tasks. Models that included the executive functioning measures showed that 

relationships between NA proficiency and the pattern tasks failed to attain significance when the contribution 

of updating was entered into the models. Instead, updating accounted for significant amounts of variance in 

the NA proficiency as well as the function machine tasks. These findings, together with very high correlations 

between paths from (a) updating to the function machines and (b) from NA Proficiency to the function 

machines, suggest that relationships between NA proficiency and the pattern tasks are artefacts of common 

updating demands. 

These findings stand in contrast to findings from Lee et al. (2010), which showed that the 

explanatory power of updating was mediated by computational proficiency, with the latter having an 

independent effect on the pattern performance of 10-year-olds. A possible explanation for this difference in 

findings is that the older children probably relied on direct calculation to solve pattern tasks (Orton & Orton, 

1999). In contrast, our 6-year-olds, who are quite new to arithmetic, probably relied on skip-counting or other 

pre-arithmetic strategies. Thus, though both NA proficiency and the function machine tasks draw on 

updating resources, once we have accounted for this common resource demands, the association between 

NA proficiency and the function machine tasks is attenuated. In other words, unlike findings with older 

children which suggests that the role of updating is in support of the arithmetic demands of pattern tasks, the 

present findings suggest that for younger children, ability to update plays a proximal role in children’s 

performances on function machine tasks.  
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Although many of the inhibition and switch accuracy measures exhibited small correlations with the 

patterns measures at the bivariate level -- in particular, with the numeric function machine -- these 

relationships failed to attain significance when the correlations between the updating and inhibition/switch 

measures were controlled. This finding suggests that the cognitive demands from the function machine tasks 

arise from having to maintain different information in mind (e.g., add two when computing the output from 

the input, but subtract two when going in the opposite direction). Although the children would certainly need 

to switch from adding to subtracting, or to inhibit addition when a missing input needs to be computed, it is 

perhaps the case that the tendency to add in the context of the task is built up only over the course of the task 

and is not sufficiently strong to impose a significant inhibitory demand.  

A peculiar finding is that both the Block Design and the updating measures failed to predict 

performance on the shapes-within-shapes task. Our analyses containing only the mathematical measures 

showed that 9% of its variance was explained by NA proficiency when we constrained the relationships 

between NA proficiency and the two geometric tasks to equality. The relationship failed to attain significance 

when the path was unconstrained. The accuracy scores showed that the shapes-within-shapes task is no more 

difficult than the other pattern tasks, but the data show that its cognitive demands task is different. They 

suggest that it places neither demands on working memory nor performance intelligence.   

The structure of executive functions 

Although not a primary focus of this study, the findings provide useful insight on the development 

of executive functioning. Unlike findings from studies on adults, our data showed that a two-factor model 

provided a better fit than did a three or single factor model. Similar age-related pattern of differentiation or 

specialisation has long been proposed in the developmental literature on intelligence (for a more recent 

review, see Deary et al., 1996; Garrett, 1946).  

An alternative interpretation of the findings is that the lack of differentiation between inhibition and 

switching is resulted from the tasks used in the present study. In particular, two of our switch tasks were 

drawn from our inhibition tasks. In the switch conditions of these tasks, participants were administered -- in a 
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randomised sequence -- trials that required inhibition versus those that did not. Garon, Bryson, and Smith, 

(2008) argued that such tasks require less switching demands than do tasks more similar to our picture-

symbol task, in which participants have to engage in two different types of cognitive tasks. According to this 

argument, our flanker and Simon based switch tasks would share as many characteristics with other inhibition 

tasks as they do with the picture-symbol task. In our analysis, we anticipated such concerns by building into 

the model latent factors that captured variability that resulted from task based similarity. We also included the 

picture-symbol task, which may impose higher demands on cognitive switch, to anchor our switch factor. 

Although we cannot categorically rule out the possibility that our finding of an undifferentiated 

inhibition/switch factor is affected by the tasks, our findings are consistent with findings from other recent 

studies that favour a two factor solution  (Huizinga et al., 2006; St Clair-Thompson & Gathercole, 2006; van 

der Sluis et al., 2007). Our findings strike a close resemblance to those of van der Ven, Kroesbergen, Boom, 

and Leseman (this issue). Using similar tasks as we did in this study, they too failed to find evidence for 

differentiation between inhibition and switching amongst 6 to 7 year olds. They also found updating, but not 

inhibition/switch predicted early mathematical achievements.  

Conclusions  

For older children, proficiency in patterns and arithmetic proficiency are important contributors to 

algebraic competency. Arithmetic is also an important contributor to performance on patterns tasks. Our 

findings show that despite their close relationships later in life, in the first year of schooling at least, 

proficiencies on numeracy and arithmetic tasks do not contribute directly to performance on pattern tasks. 

Although performances on these tasks are moderately to strongly correlated, this is likely due to a common 

demand on updating resources. From an educational perspective, these findings suggest that one cannot 

assume that children good at arithmetic will automatically generalise their skills to pattern solving tasks. For 

children with poor performances in the two domains, training designed to improve updating capacity may 

prove an effective way to improve performance. 



18 

 

References 

 

Alloway, T. P. (2007). The Automated Working Memory Assessment. London: Psychological 

Corporation.  

Bull, R., Espy, K. A., Wiebe, S. A., Sheffield, T., & Nelson, J. M. (in press). Using confirmatory factor 

analysis to understand executive control in preschool children: Sources of variation in emergent 

mathematic achievement. .  

Davidson, M. C., Amso, D., Anderson, L. C., & Diamond, A. (2006). Development of cognitive control 

and executive functions from 4 to 13 years: Evidence from manipulations of memory, inhibition, 

and task switching. Neuropsychologia, 44(11), 2037-2078. doi: 

10.1016/j.neuropsychologia.2006.02.006 

Deary, I. J., Egan, V., Gibson, G. J., Austin, E. J., Brand, C. R., & Kellaghan, T. (1996). Intelligence and 

the differentiation hypothesis. Intelligence, 23(2), 105-132. doi: 10.1016/s0160-2896(96)90008-2 

Fan, J., McCandliss, B. D., Sommer, T., Raz, A., & Posner, M. I. (2002). Testing the efficiency and 

independence of attentional networks. Journal of Cognitive Neuroscience, 14(3), 340-347.  

Fry, A. F., & Hale, S. (2000). Relationships among processing speed, working memory and fluid 

intelligence in children. Biological Psychology, 54(1-3), 1-34.  

Garon, N., Bryson, S. E., & Smith, I. M. (2008). Executive function in preschoolers: A review using an 

integrative framework. Psychological Bulletin, 134(1), 31-60. doi: 10.1037/0033-2909.134.1.31 

Garrett, H. E. (1946). A developmental theory of intelligence. American Psychologist, 1(9), 372-378. doi: 

10.1037/h0056380 

Holzman, T. G., Pellegrino, J. W., & Glaser, R. (1983). Cognitive variables in series completion. Journal of 

Educational Psychology, 75(4), 603-618. doi: 10.1037/0022-0663.75.4.603 

Huizinga, M., Dolan, C. V., & van der Molen, M. W. (2006). Age-related change in executive function: 

developmental trends and a latent variable analysis. Neuropsychologia, 44(11), 2017-2036. doi: 

10.1016/j.neuropsychologia.2006.01.010 



19 

 

Kail, R. V. (2007). Longitudinal evidence that increases in processing speed and working memory 

enhance children's reasoning. Psychological Science, 18(4), 312-313. doi: 10.1111/j.1467-

9280.2007.01895.x 

Lee, K., Ng, E., & Ng, S. F. (2009). The contributions of working memory and executive functioning to 

problem representation and solution generation in algebraic word problems. Journal of Educational 

Psychology, 101(2), 373-387.  

Lee, K., Ng, S. F., Bull, R., Pe, M. L., & Ho, R. M. H. (2010). Are patterns important? An investigation of the 

relationships between proficiencies in patterns, computation, executive functioning, and algebraic word problems. 

Manuscript submitted for publication.   

Lee, K., Ng, S. F., Ng, E. L., & Lim, Z. Y. (2004). Working memory and literacy as predictors of 

performance on algebraic word problems. Journal of Experimental Child Psychology, 89(2), 140-158.  

Lee, K., Pe, M. L., Ang, S. Y., & Stankov, L. (2009). Do measures of working memory predict academic 

proficiency better than measures of intelligence? Psychological Science Quarterly, 51(4), 403-419.  

Lehto, J. E., Juujaervi, P., Kooistra, L., & Pulkkinen, L. (2003). Dimensions of executive functioning: 

Evidence from children. British Journal of Developmental Psychology, 21(1), 59-80.  

Lord, F. M. (1958). Further problems in the measurement of growth. Educational and Psychological 

Measurement, 18(3), 437-451.  

Mason, J. (1996). Expressing generality and roots of algebra. In N. Bednarz, C. Kieran & C. Lee (Eds.), 

Approaches to algebra: perspectives for research and teaching (pp. 65-86). Dordrecht, Netherlands: Kluwer 

Academic Press. 

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., & Wager, T. D. (2000). The 

unity and diversity of executive functions and their contributions to complex "frontal lobe" tasks: 

A latent variable analysis. Cognitive Psychology, 41(1), 49-100.  

National Council of Teachers of Mathematics. (2000). Principles and standards for school mathematics. Reston, 

VA.  : NCTM. 

National Mathematics Advisory, P. (2008). Foundations for success: The final report of the National Mathematics 

Advisory Panel. Washington, DC: U.S. Department of Education. 



20 

 

Ng, S. F., & Lee, K. (2009). The model method: Singapore children's tool for representing and solving 

algebraic word problems. Journal for Research in Mathematics Education, 40(3), 282-313.  

Orton, A., & Orton, J. (1999). Pattern and the approach to algebra. In A. Orton (Ed.), Pattern in the teaching 

and learning of mathematics (pp. 104-120). London: Cassell. 

Sattler, J. M. (2001). Assessment of children: cognitive applications (Vol. 4th). San Diego: J.M. Sattler. 

St Clair-Thompson, H. L., & Gathercole, S. E. (2006). Executive functions and achievements in school: 

Shifting, updating, inhibition, and working memory. Quarterly Journal of Experimental Psychology, 

59(4), 745-759.  

van der Sluis, S., de Jong, P. F., & van der Leij, A. (2007). Executive functioning in children, and its 

relations with reasoning, reading, and arithmetic. Intelligence, 35(5), 427-449.  

van der Ven, S. H. G., Kroesbergen, E. H., Boom, J., & Leseman, P. P. M. (in press). The development of 

executive functions and early mathematics: a dynamic relationship. British Journal of Educational 

Psychology.   

Wechsler, D. (1991). Wechsler Intelligence Scale for Children -Third Edition. San Antonio, TX: Psychological 

Corporation. 

Wechsler, D. (2001). Wechsler Individual Achievement Test (Vol. 2nd). San Antonio, TX  The Psychological 

Corporation. 

Wiebe, S. A., Espy, K. A., & Charak, D. (2008). Using confirmatory factor analysis to understand 

executive control in preschool children: I. Latent structure. Developmental Psychology, 44(2), 575-

587. doi: 10.1037/0012-1649.44.2.575 

 

 



21 

 

Table 1 

Descriptive Statistics 
            

  Variable   M SD N Max Reliability 

1 Flanker task, incongruent 
condition (acc) 

 0.94 0.11 159 1.00 .77a 

2 Simon task, incongruent 
condition (acc) 

 0.94 0.06 152 1.00 .32a 

3 Flanker task, switch condition 
(acc) 

 0.93 0.09 159 1.00 .61a 

4 Simon task, switch condition 
(acc) 

 0.89 0.07 152 1.00 .30a 

5 Picture-symbol, switch condition 
(acc) 

 0.83 0.11 156 1.00 .58a 

6 Flanker task, neutral condition 
(RT)  

 748.30 173.90 159 NA .92b 

7 Flanker task, congruent condition 
(RT) 

 760.07 184.10 159 NA .90b 

8 Simon task, congruent condition 
(RT) 

 587.08 154.51 155 NA .95b 

9 Flanker task, incongruent 
condition (RT) 

 892.44 246.25 157 NA .76b 

10 Simon task, incongruent 
condition (RT) 

 760.15 207.90 155 NA .97b 

11 Flanker task, switch condition 
(RT) 

 871.62 227.77 153 NA .83b 

12 Simon task, switch condition 
(RT) 

 870.94 189.86 154 NA .82b 

13 Picture-symbol, switch condition 
(RT) 

 1807.74 560.92 153 NA .81b 

14 Mister X  9.06 3.91 156 42 .77c 

15 Listening recall  6.81 3.67 156 36 .81c 

16 Pictorial updating  69.09 10.31 153 108 .87d 
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17 Numerical and arithmetic 
proficiency 

 12.50 2.45 157 54 .74a 

18 
Numerical function machine task  

 19.43 10.68 157 45 .57a 

19 
Geometric function machine task  

 2.42 1.53 156 6 .86a 

20 Shapes-within-shapes  4.56 2.25 157 12 .52a 

21 WISC Block Design  23.32 10.95 97 69 .87e 

 

Note: Acc = accuracy; RT = reaction time 

aReliability was calculated using KR20. bCalculated by using odd-even item correlations, and adjusting the 

result with Spearman-Brown prophecy formula. cReliability was taken from Alloway (2007). dCalculated 

using Cronbach’s alpha. eFrom Sattler (2001). 
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Table 2 
Correlations for all Executive Functioning and Mathematical Measures 

  Variable 1 2 3 4 5 6 7 8 9 10 11 12 

1 Flanker task, incongruent condition (acc)             

2 Simon task, incongruent condition (acc) .12            

3 Flanker task, switch condition (acc) .50** .16*           

4 Simon task, switch condition (acc) .23** .29** .29**          

5 Picture symbol, switch condition (acc) .13 .38** .18* .25**         

6 Flanker task, neutral condition (RT)  -.25** .19* -.19* .03 .14        

7 Flanker task, congruent condition (RT) -.25** .12 -.23** -.02 .15 .74**       

8 Simon task, congruent condition (RT) -.18* .12 -.15 .11 .12 .51** .51**      

9 Flanker task, incongruent condition (RT) -.38** .17* -.21** -.11 .17* .67** .73** .54**     

10 Simon task, incongruent condition (RT) -.13 .03 -.19* -.03 .03 .37** .39** .66** .44**    

11 Flanker task, switch condition (RT) -.17* .11 -.12 .08 .16 .62** .71** .47** .75** .39**   

12 Simon task, switch condition (RT) -.20* .09 -.11 .12 .12 .51** .53** .61** .57** .65** .53**  

13 Picture-symbol, switch condition (RT) -.09 .06 -.11 .05 .25** .38** .36** .37** .38** .41** .36** .45** 

14 Mister X .26** -.10 .26** .02 -.05 -.31** -.25** -.22** -.28** -.15 -.20* -.19* 
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15 Listening recall .16 .03 .19* .09 -.07 -.27** -.22** -.22** -.20* -.19* -.15 -.18* 

16 Pictorial updating .10 .01 .10 .02 .09 -.22** -.12 -.18* -0.12 -.24** -.27** -.18* 

17 Numerical and arithmetic proficiency .25** .17* .20* .08 .21** -.21** -.16* -.17* -.19* -.15 -.24** -.15 

18 Geometric function machine task  .05 .05 0.11 .14 .20* -.21* -.18* -.13 -.18* -.23** -.07 -.12 

19 Numerical function machine task  .17* .04 .23** .07 .02 -.24** -.17* -.28** -.29** -.21* -.20* -.19* 

20 Shapes-within-shapes .06 .06 .14 .04 .00 -.18* -.15 -.26* -.18* -.20* -.18* -.17* 

21 WISC Block Design  .12 .12 .24** .18 .18 -.14 -.01 -.13 -.15 -.02 -.12 -.02 
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  Variable 13 14 15 16 17 18 19 20 

14 Mister X -.17*        

15 Listening recall -.20* .27**       

16 Pictorial updating -.15 .21* .19*      

17 Numerical and arithmetic proficiency -.03 .30** .31** .38**     

18 Geometric function machine task  -.16* .27** .05 .06 .14    

19 Numerical function machine task  -.15 .38** .34** .21* .46** .27**   

20 Shapes-within-shapes -.06 .26** .07 .11 .25** .23** .32**  

21 WISC Block Design  -.04 .36** .21* .32** .39** .24* .49** .16 

Note: ** p < .01; * p < .05; acc = accuracy; RT = reaction time 
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Table 3 

Fit Indices for the Measurement and Structural Components of Models Involving Executive Functioning, Numerical and 

Arithmetic (NA), and Patterns Proficiency 

Model χ2/df CFI RMSEA/ 

PCLOSE 

AIC χ2
diff 

 NA proficiency and pattern tasks only 

Unconstrained 53.64/48 .99 .03/.86 137.64  

NA Proficiency to Geometric Function 

Machine and Shapes-within-Shapes constrained 

to equality 

53.64/49 .99 .02/.88 135.64 <.01 

NA Proficiency to Geometric and Numeric 

Function Machine constrained to equality 

86.94/49 .94 .07/.09 168.94 33.30* 

 Executive functioning measures only 

3 factors  inadmissible  

2 factors 135.14/86 .94 .06/.20 267.14  

1 factor 152.58/87 .92 .07/.05 282.58  

 Executive functioning and the mathematical measures 

NA Proficiency to Function Machines 

constrained to zero 
405.89/320 .95 .04/.90 633.89  

Updating to Function Machines constrained to 

equality 
446.82/321 .92 .05/.54 672.82 40.93* 

 
Executive functioning, Block Design, & the mathematical 

measuresa 

NA Proficiency to Function Machines 

constrained to zero 
430.06/344 .95 .04/.94 670.06  
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Note. * p < .05; s-within-s = shape-in-shape task; in the two-factor measurement model, inhibition and 

switching were combined to form one latent variable. Other combinations of the two-factor model 

structure were also investigated: a) inhibition and updating formed one latent variable, while switching 

formed the other; and b) switching and updating formed one latent variable, while inhibition formed the 

other. Both of these two-factor models resulted in inadmissible solutions; a Analyses were conducted on 

data from a subset of the sample who were administered the Block Design task (N = 82).
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Figure 1. Structural model specifying the relationships between numerical and arithmetic (NA) proficiency 

and the various pattern tasks. Values are standardised estimates.  
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Figure 2. Measurement model with the best model fit. In the three-factor model (not depicted), an 

additional latent factor was added (all incongruent condition measures were hypothesised to be derived 

from an inhibition factor and all switch condition indicators were from a switch factor). Values are 

standardised estimates. Dashed lines indicate non-significant estimates. Acc and RT are abbreviations for 

accuracy and reaction time, respectively. Errors terms are omitted.  
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Figure 3. Structural model specifying the relationships between executive functioning, numerical and 

arithmetic (NA) proficiency, and patterns performance. Values are standardised estimates. Dashed lines 

indicate non-significant estimates. As per Figure 2, latent variables for base reaction time, flanker, Simon, 

and their respective manifest variables were included in the model, but were omitted here to simplify the 

figure. Similarly, manifest variables and disturbances for the pattern tasks were included in the model, but 

omitted here. Values above latent factors are squared multiple correlations. 
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