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Abstract 

For children, the ability to recognise linear repeating patterns represents an important 

foundation for later mathematics achievement. Consequently, there is significant value not 

only in characterising children’s pattern knowledge, but in teaching patterning. A clear 

benefit of abstract explanations in improving children’s pattern performance has been 

established, but substantial room for improvement remains. Our research draws on a parallel 

literature investigating causal reasoning, which displays young children’s thinking as 

surprisingly abstract and highlights children’s strong interest in causal information. Using the 

literature on abstract language and causal reasoning as a basis, we designed a novel 

intervention to teach forty-one preschool and kindergarten children about three different 

repeating patterns. Under the Causal condition, children were presented with a causal 

relationship (using a ‘blicket detector’) as well as abstract explanations. Importantly, our 

within-subject design included two control conditions: one condition that provided abstract 

explanations only for a series of similar patterns sharing the same relational rule, and the 

second condition that provided abstract explanations for similar and different patterns. All 

children completed three pattern assessments, each including an abstract, unit-tower and unit-

identification item, as well as a short numeracy and language assessment. Contrary to our 

expectations, there were no differences between conditions on performance on the pattern 

assessments, implying that there may be little additional benefit to incorporating causal 

reasoning into pattern instructions, beyond that of abstract explanations. Interestingly, 

participants’ year group appeared to be an important predictor of pattern performance and 

numeracy ability. Additional findings related to performance differences for different pattern 

items and participants’ patterning strategies are discussed.  

 



What caused that? Applying a causal framework and abstract explanations to teaching 

patterning to 4- and 5-year-olds 

Abstract thinking is a fundamental human skill requiring an understanding of higher-order 

relations between properties of objects and events that allows people to solve problems and 

make predictions (Lucas, Bridgers, Griffiths & Gopnik, 2014). For example, appreciating 

cause-and-effect or same/different necessitates recognition that these abstract relations of 

causality or sameness go beyond perceptual features (eg. colour, shape), and involves 

thinking about deeper conceptual or structural attributes (eg. recognising that ‘nest’ and 

‘kennel’ are both homes for animals; Honomichl & Chen, 2006). There is a growing field of 

research within developmental psychology examining the development of a specific form of 

abstract thinking, namely patterning, which involves recognising sequences as being 

governed by a predictable regularity that can vary in terms of structure (eg. repeating or 

growing patterns), content (eg. shapes or colours) and/or complexity (Collins & Laski, 2015; 

Rittle-Johnson, Fyfe, McLean & McEldoon, 2013). Importantly, pattern perception is widely 

regarded as a form of pre-algebraic thinking, which refers to the search for rules and the 

understanding that relations are independent of surface features, and hold true regardless of 

what number or object is substituted. For example, recognising that ‘circle, circle, square’ is 

the same pattern as ‘blue, blue, red’ (Kidd et al., 2014; Mulligan & Mitchelmore, 2009; 

Rittle-Johnson, Zippert & Boice, 2019). This research is not only of theoretical importance in 

shaping our conceptualisation of how children develop an understanding of the abstract 

relational structure underlying patterns, it also has practical implications. For example, even 

after controlling for numeracy, patterning ability in preschool predicts mathematics 

performance in primary school (Burgoyne, Witteveen, Tolan, Malone & Hulme 2017; Kidd 

et al., 2014; Mulligan & Mitchelmore, 2009; Nguyen et al., 2016; Papic, Mulligan & 

Mitchelmore, 2011; Rittle-Johnson, Fyfe, Hofer & Farran, 2017; Rittle-Johnson et al., 2013).  



Children’s Early Pattern Knowledge 

Children are often exposed to patterns during preschool and kindergarten (New South 

Wales Board of Studies, 2012). The simplest patterns are linear repeating patterns that can be 

composed of shapes, objects or pictures (Rittle-Johnson et al., 2013). The simplest pattern 

unit is AB, which, when repeated, creates ABABAB; of course, the pattern unit can increase in 

complexity, for example AAB, or ABBC, creating more challenging repeating patterns. While 

there are other types of patterns that can be examined (eg. spatial structure patterns and 

growing patterns), extensive work has been done by Rittle-Johnson and colleagues to 

characterise children’s knowledge of repeating patterns, focussing on 4- and 5-year-olds 

(Rittle-Johnson et al., 2013; Rittle-Johnson, Fyfe, Loehr & Miller, 2015). Rittle-Johnson et al. 

(2013) proposed four levels of pattern understanding that are based on the assumption that 

progression through the levels requires increasing sophistication of pattern knowledge: Level-

1) duplication (re-creating a pattern with identical materials); Level-2) extension (continuing 

an existing pattern with identical materials); Level-3) abstraction (making the same pattern, 

but with different materials); Level-4) unit-identification (identifying the smallest number of 

elements that make up the pattern; Figure 1). They found that 4- and 5-year-olds were 

generally successful at duplicating and extending patterns, however struggle with pattern 

abstraction and pattern-unit identification (Rittle-Johnson et al., 2013; Rittle-Johnson et al., 

2015). 

While pattern duplication and extension are important foundational pattern skills, they 

may not accurately reflect pattern awareness, as these tasks can be completed simply via 

visual matching (Miller, Rittle-Johnson, Loehr & Fyfe, 2016). This explains why children in 

preschool and kindergarten demonstrate relative proficiency on these tasks, as they do not 

require the pre-algebraic level of understanding needed for more complex pattern tasks. In 

pattern abstraction and unit-identification, greater emphasis is placed on the repeat unit and 



awareness of the relations among elements within the pattern, thus requiring the ability to 

think abstractly (Miller et al., 2016; Papic et al., 2011; Rittle-Johnson et al., 2013). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Assessment tasks used to assess the four levels of pattern knowledge in children 

(Rittle-Johnson et al., 2013).  

Researchers have also examined the patterning strategies used by children when 

solving pattern tasks, providing insight into the types of thinking and cognitive processes 

used when solving pattern tasks (Collins & Laski, 2015; Papic et al., 2011; Wijns, Torbeyns, 

Bakker, De Smedt & Verschaffel, 2019). Collins and Laski (2015) broadly classified 

children’s strategies into either one-to-one appearance or a relational similarity strategy; 



children were more likely to use the one-to-one appearance strategy for the simpler, 

duplication and extension pattern items, whereas the relational similarity strategy was 

required more often for abstract items. Alternatively, Papic et al. (2011) describe five 

patterning strategies of increasing complexity (random arrangement, direct comparison, 

alternation, basic unit of repeat, and advanced unit of repeat). Following a 6-month preschool 

intervention that offered structured, scaffolded pattern-eliciting tasks adapted to suit 

children’s varying levels of ability, there was a significant increase in the use of unit of repeat 

strategies, and a decrease in the use of direct comparison (copying a pattern by matching one 

element at a time) and alternation (focusing on successive alternation, eg. Red, blue, red) 

strategies. 

Patterns and mathematics 

Importantly, pattern awareness and mathematics achievement appear to be closely 

intertwined (Burgoyne et al., 2017; Nguyen et al., 2016; Schmerold et al., 2016; Rittle-

Johnson et al., 2017). A longitudinal study by Rittle-Johnson et al. (2017) assessed the 

mathematics trajectory of 517 children from age 4 through to age 11 years. Six key areas of 

mathematics development were examined: non-symbolic number mapping, counting, 

symbolic mapping knowledge, calculation, patterning, and shape. The six topics are related, 

with each area contributing to the development of others; for example, counting objects may 

be required in patterning to recognise the number of elements in the pattern unit and thus 

successfully duplicate or abstract the pattern. In addition, working with patterns provides an 

opportunity to understand abstract rules, thus facilitating the development of symbolic 

mapping and calculation. Performance on each of these areas of mathematics was assessed at 

regular time points from preschool through to first grade, and then again in fifth grade. 

Although early non-symbolic mapping, counting and calculation performance all predicted 



later mathematic achievement, patterning was the only area where performance at each early 

assessment continued to predict fifth grade mathematics achievement. 

The relationship between patterns and mathematics has also been observed in 

intervention studies (Hendricks, Trueblood & Pasnak, 2006; Kidd et al., 2013; Kidd et al., 

2014; Pasnak et al., 2015). For example, Papic et al. (2011) found that the numeracy levels of 

preschool children who had completed a 6-month patterning intervention were significantly 

higher than children who had not completed the intervention at one-year follow-up. The 

authors attributed this improvement to a better understanding of the concept of the unit of 

repeat, which allowed children to group configurations into equal-sized groups, thereby 

facilitating more effective counting techniques and enabling greater learning of numeracy 

concepts. Long-term intervention studies demonstrate that increasing the focus on patterns 

over time and adjusting instructions according to each child’s current ability level, enhances 

the pattern awareness and numeracy skills of 3-5- year-old children.   

Methods of Teaching Abstract Relations 

Providing patterning interventions at preschool or in the early school years appears to 

improve both children’s understanding of patterns and their mathematics knowledge (Kidd et 

al., 2014; Papic et al., 2011; Pasnak et al., 2015). At its simplest, these interventions are based 

on increasing exposure to repeating patterns (Kidd et al., 2013; Papic et al., 2011; Pasnak et 

al., 2015). However, while these interventions are clearly beneficial, they do not shed light on 

the learning mechanisms underlying improvements in pattern appreciation.   

One possible learning mechanism that may account for such improvements is 

comparison, given its demonstrated ability in highlighting abstract relations (Graham, Namy, 

Gentner & Meagher, 2010; Honomichl & Chen, 2006; Kotovsky & Gentner, 1996; 

Loewenstein & Gentner, 2001; Markman & Gentner, 1993). The act of comparing two 

similar spaces, objects, or patterns shifts attention away from the specific perceptual features 



towards common relations among features (Hoyos & Gentner, 2017; Loewenstein & Gentner, 

2001; Thibaut & Witt, 2015). There are different ways to facilitate and encourage comparison 

to improve relational understanding. Firstly, presenting multiple ‘positive’ examples of items 

that share the same underlying structure can be useful in highlighting similarities (Gentner et 

al., 2011; Hoyos & Gentner, 2017). For example, in a spatial mapping experiment where 

children are asked to find a target object in a miniature room, observing the target being 

hidden in two highly similar rooms and being encouraged to compare the two rooms leads to 

better performance than without the opportunity to compare rooms (Loewenstein & Gentner, 

2001). However, presenting a positive and a ‘negative’ example that differ in content and 

structure can also be effective; for example, providing students with two alternative methods 

of solving a maths problem side-by-side improved knowledge and flexibility compared to 

students presented with worked solutions sequentially (Rittle-Johnson & Star, 2007). 

Abstract language is another common teaching method that builds on ideas of 

comparison. Abstract language involves the use of labels that focus on structure and are 

arbitrarily linked to the item, as opposed to concrete labels that highlight perceptual features 

(Fyfe et al., 2015). Labels are powerful in eliciting comparisons between stimuli and 

increasing the salience of the higher-order relationship; this has been demonstrated with word 

learning (Gentner & Namy, 1999; Gentner, Anggoro & Klibanoff, 2011), category learning 

(Kotovsky & Gentner, 1996), spatial relationships (Ratterman & Gentner, 1998; Yuan, Uttal 

& Gentner, 2017), and patterns (Fyfe et al., 2015). Fyfe et al. (2015) presented a series of 

patterns to preschoolers and explained the similarity between two patterns using either 

abstract or concrete language. In the abstract condition, researchers used words such as “A-B-

B” and “one and then two that are different”, whereas in the concrete condition, researchers 

used colours to describe the patterns (eg. Green, yellow, yellow). Children in the abstract 

condition out-performed children in the concrete condition when tested on pattern abstraction 



tasks, suggesting that shared, relational language helps children understand the link between 

two patterns (Fyfe et al., 2015).  

Research on Causal Reasoning 

There is reasonable consensus in the literature that abstract language plays an 

important role in improving children’s understanding of abstract relations (Gentner & Namy, 

1999; Kotovsky & Gentner, 1996; Yuan et al., 2017), including repeating patterns (Fyfe et 

al., 2015). However, this research tends to show that without substantial scaffolding, children 

younger than 6 years often fail in patterning tasks that truly require pattern understanding 

(e.g., abstraction and unit-tower) rather than just visual matching (e.g., duplication and 

extension; Rittle-Johnson et al., 2015). Furthermore, even with this scaffolding, preschool 

children are well below ceiling performance (Rittle-Johnson et al., 2013). On the other hand, 

there is a parallel literature on the development of causal reasoning that characterises young 

children’s relational thinking as quite abstract, going beyond visual matching strategies 

(Cook, Goodman & Shulz, 2011; Lucas et al., 2014; Tschirgi, 1980). This literature offers 

both a theoretical puzzle, and an educational opportunity. The theoretical puzzle is why, 

across different kinds of cognitive tasks, do children seem to show such different abstract 

thinking abilities? The educational opportunity is the potential to harness children’s superior 

ability shown in causal tasks to improve their pattern understanding. 

Originally, preschool children were assumed to be ‘pre-causal’, that is, unable to 

understand objects in terms of their causal properties and only able to appreciate superficial, 

perceptual qualities (Piaget, 1929, as cited in Gopnik & Sobel, 2000, p. 1205). However, 

more recent research challenges this assumption, with evidence demonstrating that children 

from very young ages have the ability to think abstractly when an event or objects are 

presented in a causal framework, and can appreciate events in terms of their causal properties 

(Gopnik, Sobel, Schulz & Glymour, 2001; Leslie and Keeble, 1987; Meltzoff, Waismeyer & 



Gopnik, 2012; Oakes & Cohen, 1990; Sobel & Kirkham, 2006). For example, 3-5-year-olds 

can engage in causal reasoning to categorise and name objects (Gopnik & Sobel, 2000; Lucas 

et al., 2014), and infants can make inferences and predictions based on causal relationships; 

for example, an object that is moving and touches another object will cause the second object 

to move (Oakes & Cohen, 1990; Leslie et al., 1983; Meltzoff et al., 2012; Schulz, Gopnik & 

Glymour, 2007). In situations where a cause-and-effect relationship exists between two 

objects, the ‘casual framework’ characterising that relationship can be used to highlight 

abstract properties of those objects (Gopnik, 2012; Walker & Gopnik, 2014). 

Research examining children’s ability to understand causal relationships often utilises 

the blicket detector paradigm (Cook et al., 2011; Legare, 2011; Lucas et al., 2014; Walker & 

Gopnik, 2014). The blicket detector is a toy, typically a box, that appears to be magically 

‘activated’ when certain objects are placed on it. The activation can involve flashing lights or 

music, and demonstrates a cause-and-effect relationship between particular objects and the 

toy’s activation (Gopnik & Sobel, 2000). For example, Walker and Gopnik (2014) used a 

blicket detector to examine young children’s ability to learn the higher-order principles of 

‘same’ and ‘different’ solely by observing a causal relationship, without any linguistic cues or 

extended training. By placing distinct pairs of identical or different blocks onto the blicket 

detector with differential activation, 18-30 month-olds learnt the notion of ‘same’ and 

‘different’, and correctly selected which pair of blocks would activate the toy (Figure 2). 



 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. A schematic representation of the training and test trials from Experiment 2 in 

Walker & Gopnik (2014). During training, children in the Same condition observed that pairs 

of identical blocks activated the toy, whereas children in the Different condition observed 

pairs of different blocks activated the toy. In the test trial, children were asked to select which 

novel pair of blocks would activate the toy. 

Although pattern understanding also requires an understanding of abstract relations, 

no research, to our knowledge, has attempted to apply ideas about causal reasoning as a 

teaching method to patterning. Connecting patterning and causal tasks offers the potential to 

both improve patterning understanding in children and resolve why children appear to be 

better abstract thinkers in causal tasks than in typical patterning tasks. A closer look suggests 

multiple reasons why causal tasks may benefit abstract thinking; such tasks provide different 



kinds of information to the child than typical patterning tasks, and can elicit higher levels of 

motivation. 

Children’s Interest in Causal Information 

In addition to causal framing highlighting higher-order relations, children find causal 

information highly valuable (Alvarez & Booth, 2014; Alvarez & Booth, 2015; Asher & 

Kemler Nelson, 2008; Booth, 2008). For example, 3-year-old children preferred to hear more 

information about the causal properties of novel animals and artefacts than non-causal 

descriptions (Alvarez & Booth, 2015). Furthermore, providing causally-rich information as a 

reward for completing a menial task is equally as motivating as the tangible reward of 

stickers for 3-5-year-olds, and leads to greater engagement than causally-weak information 

(Alvarez & Booth, 2014). These results indicate that new knowledge on its own is not 

responsible for increased motivation, but that causally-based information drives the 

responding of young children (Alvarez & Booth, 2014; Alvarez & Booth, 2015). 

Bringing it All Together: Advantages of Causal Reasoning Tasks over Patterning Tasks 

Causality-related tasks seem to have several advantages in improving children’s 

relational understanding. Firstly, active learning processes are involved in causal reasoning, 

particularly when the task involves hypothesis-testing and immediate feedback; there is an 

iterative process where each action (for example, placing a block on the blicket detector) 

elicits feedback (Cook et al., 2011; Legare, 2011). In patterning tasks, feedback is helpful, but 

is not offered until an entire pattern is constructed, consisting of many individual actions. 

Secondly, causal information is highly interesting to children and provides a motivating force 

to sustain engagement in learning (Alvarez & Booth, 2014). Patterning activities certainly 

hold some degree of interest, but causal relations seem to be special in this regard. Finally, 

when demonstrating a cause-and-effect relationship, there are typically both positive and 

negative examples: the positive example displays the desired relationship or outcome, 



whereas the negative example acts as a contrast where the desired outcome is not achieved 

(Gopnik & Sobel, 2000; Sobel, Yoachim, Gopnik, Meltzoff & Blumenthal, 2007; Walker & 

Gopnik, 2014). Typical patterning activities just present positive examples; the only negative 

example may be when a child themselves produces the wrong pattern. 

 However, it is worth considering the possibility that the high levels of abstract 

thinking displayed in causal reasoning tasks is a result of tasks that are intrinsically easier 

than patterning tasks (eg. pointing at objects in causality-related tasks compared to 

abstracting a pattern). If the difference between the apparently sophisticated relational 

abilities displayed in causal tasks, and the lesser relational abilities displayed in patterning 

tasks is actually about the difficulty of the tasks and the complexity of the relations to be 

learned, then the causal framing may not elicit any measurable benefits on top of what Fyfe 

and colleagues (2015) have already demonstrated to be beneficial.   

Current Study 

The current study combines research on abstract language and causal framing in the 

context of children’s developing pattern understanding. Explaining the relational unit of 

patterns using abstract language has a demonstrated benefit in improving 4- and 5-year-olds 

patterning awareness; however, performance is still far from ceiling (Fyfe et al., 2015; Rittle-

Johnson et al., 2015), allowing opportunities for other instructional interventions to provide 

additional improvements. Although there is significant literature documenting the advantages 

of causal reasoning (Alvarez & Booth, 2014; Bauer, Booth & McGroarty-Torres, 2016; 

Legare, 2011; Schulz et al., 2017; Walker & Gopnik, 2015), these ideas have not yet been 

extended to patterning. Importantly, across literatures, not only are there different relational 

contents (eg. spatial awareness, language, patterning), but there are different ways of 

measuring this relational learning (eg. finding the target object, learning a new word, 

abstracting a pattern). Our research will be the first to test different learning methods (causal 



reasoning and abstract explanations) on the same measure (pattern abstraction and unit-

identification) across the same patterns. 

With this motivation, we apply brief learning instructions to compare the relative 

advantages of causal framing over abstract explanations in 4- and 5-year-olds’ patterning 

performance. We acknowledge the clear, existing benefits of abstract pattern explanations 

(Fyfe et al., 2015), and thus we wanted to examine if encouraging causal reasoning would 

maximise children’s pattern learning when the causal framework is combined with 

explanations. Given the importance of pattern understanding for early mathematics learning 

and later achievement, finding a novel, engaging way of teaching patterning has significant 

educational benefits. 

To specifically assess the learning benefits of causal reasoning compared to 

instructions only including explanations, we examine three conditions: Causal, Positive and 

Negative. The Causal condition is of primary interest, and the Positive and Negative 

conditions are included as controls. Along with presenting abstract explanations, the Causal 

condition encourages causal reasoning by presenting a cause-and-effect relationship through 

the use of a blicket detector, where positive patterns activate the blicket detector, but negative 

patterns do not. Note that the use of the terms ‘positive’ and ‘negative’ to describe patterns 

does not refer to anything intrinsically good or bad about the patterns; instead, a positive 

pattern indicates that the pattern shares the same relational rule as the model pattern (eg. both 

patterns are AABAAB), whereas a negative pattern has a different rule to the model (eg. the 

example pattern is AAABBB, but the model pattern is AABAAB).  

 The Positive condition acts as a baseline condition that provides abstract explanations 

only for positive patterns. The Negative condition presents explanations for both positive and 

negative patterns. This is an important control to the Causal condition because in experiments 

demonstrating cause-and-effect relationships, there are typically both positive and negative 



examples, and it is possible that this comparison between what works and what does not is 

the factor responsible for the abstract learning displayed in causal research paradigms 

(Gopnik & Sobel, 2000; Sobel et al., 2007; Walker & Gopnik, 2014). Hence, by comparing 

pattern performance in the Causal and Negative conditions, we can clearly identify if these 

observed learning benefits are simply a product of comparing positive and negative 

examples, of if they are an outcome of the thought processes required to extract the causal 

relationship.  

In addition, our study was motivated to include a novel Level-4 unit-identification 

task of our own design to address floor effects typically found in Level-4 unit-tower tasks 

(Rittle-Johnson et al., 2013; Rittle-Johnson et al., 2015). Although the unit-tower task is 

supposed to be more difficult as it assesses knowledge of the pattern-unit, the unfamiliar 

format of this task (i.e. using coloured blocks in a vertical manner as opposed to coloured 

shapes in a horizontal pattern) may add unnecessary complexity to the task. Consequently, 

we included a novel task that still assesses understanding of the repeating pattern-unit, albeit 

in a more familiar format (see method). 

The importance of patterning in predicting mathematics achievement motivated us to 

include a short numeracy assessment (Papic et al., 2011; Rittle-Johnson et al., 2013) to 

observe the presence of any relationship between participants’ current level of pattern 

understanding and their numeracy ability. A language assessment was also included to 

examine the relation between participants’ language ability and patterning (Burgoyne et al., 

2017). 

Hypotheses 

Firstly, we hypothesised that age will be a significant predictor of pattern 

performance, based on Gentner’s (1988) relational shift hypothesis which proposes that with 

increasing age, children become able to appreciate relations, rather than focusing on 



perceptual attributes and direct similarities. In line with existing research on developing 

patterning abilities, our sample includes children aged 4- and 5-years-old (Fyfe et al., 2015; 

Rittle-Johnson et al., 2013; Rittle-Johnson et al., 2015). Although a relatively narrow age 

range, it represents a time of extensive cognitive development; including improvements in 

working memory, cognitive flexibility, inhibitory control, and appreciation of relations, all of 

which contribute to the ability to solve pattern tasks (Bennett & Muller, 2010; Bock et al., 

2018; Gentner, 1988; Rittle-Johnson et al., 2013). Sampling will include children from both 

preschools and kindergarten, and thus we also expect higher pattern knowledge from 

kindergarten children, given the additional year of education (Rittle-Johnson et al., 2015).  

Secondly, we hypothesised that performance on the Causal assessments will be higher 

than performance on the Positive and Negative assessments. This is expected because not 

only does the Causal condition provide abstract explanations which are known to improve 

pattern understanding (Fyfe et al., 2015), but there is also the opportunity to engage in causal 

reasoning by observing and experimenting with a causal relationship (Cook et al., 2011; 

Walker & Gopnik, 2014). Presenting a positive and negative pattern with differential cause-

and-effect relationships (i.e. positive pattern produces the effect, negative pattern produces no 

effect) is expected to promote comparison between the patterns, thus facilitating 

understanding of the pattern’s relational rule (Kotovsky & Gentner, 1996). The comparison 

process is highlighted by the causal framing; that is, in attempting to understand the cause of 

the blicket detector’s activation, children will be forced to consider the relational similarities 

between the model and positive pattern, and the relational differences between the model and 

negative pattern. While explanations also emphasise relational similarity through comparison, 

evidence that causal framing can elicit relational responding in children of younger ages than 

is seen with explanations suggests that causal framing can be particularly salient for young 

children (Fyfe et al., 2015; Leslie & Keeble, 1987; Meltzoff et al., 2012; Oakes & Leslie, 



1990; Rittle-Johnson et al., 2013; Sobel & Kirkham, 2006). Combining this with children’s 

interest in cause-and-effect relationships (Alvarez & Booth, 2015; Piekny, Grube & Maehler, 

2014), it is logical to expect patterning performance in the Causal condition to be greater than 

in the explanation conditions. Furthermore, the Negative condition is hypothesised to produce 

better pattern performance than the Positive condition, because inclusion of both positive and 

negative pattern examples promotes comparison and recognition of higher-order similarities 

(Kotovsky & Gentner, 1996). 

Thirdly, we hypothesised that all children will improve on the abstract test items 

relative to the pre-test item, because each condition provides teaching about the structure of 

patterns (Fyfe et al., 2015; Papic et al., 2011). We also expect improvement from pre-test to 

be associated with an increase in use of patterning strategies that demonstrate awareness of 

pattern structure (Papic et al., 2011).  

Within the pattern assessments, performance on the abstract items is expected to be 

higher than performance on the unit-tower and unit-identification items, given research 

demonstrating that identifying the pattern unit requires more sophisticated pattern knowledge 

than abstracting a pattern (Miller et al., 2016; Rittle-Johnson et al., 2013; Rittle-Johnson et 

al., 2015). 

Finally, we expect participants’ numeracy and language ability will predict pattern 

performance, based on research demonstrating the important relationship between patterning 

and mathematics (Mulligan & Mitchelmore, 2009; Mulligan, Mitchelmore, Kemp, Marston & 

Highfield, 2008; Pasnak et al., 2015; Rittle-Johnson et al., 2017). Although less prominent, 

studies have demonstrated a relationship between patterning and reading (Burgoyne et al., 

2017; Kidd et al., 2014; Schmerold et al., 2017); thus, given the inclusion of abstract 

explanations in all learning conditions, we expect language ability to play a role in 

participants’ pattern performance.  



Method 

Sample Size and Recruitment 

An a-priori power analysis was conducted using G*Power Statistical Analysis Power 

Software (Faul, Erdfelder, Lang & Buchner, 2007), based on the large effect size (ƞ
2
 = 0.2) 

found by Fyfe et al. (2015). This power analysis revealed that a sample size of 9 children is 

required to detect a significant difference across the three within-subject conditions with a 

power level of 0.8. With our final sample size of 41, we will have 0.8 power to resolve an 

effect size of ƞ
2
 = 0.04. 

Participants 

 Forty-one children (22 females) with a mean age of 5.0 years (range: 4.17-5.92 years) 

participated in the current study. Participants were recruited from a preschool in the south 

Sydney region and a private school in the western Sydney region. All children at the 

participating preschool/school were invited to participate. Parents were provided with 

information letters, and only children whose parents gave written informed consent for their 

child to participate were included in the study. Preschool children (n=27) had a mean age of 

4.58 years (range: 4.17-5.33 years), and kindergarten children (n=14) had a mean age of 5.52 

years (range: 5.08-5.92 years). An additional four children were excluded: 1 for failing to 

give assent and 3 for experimenter error. Testing was conducted during Term 2 and Term 3 

of the school year.  

Design 

Our study had a 3-condition, within-subject design that was conducted over two 

sessions. In the first session, participants completed a single pre-test assessment, followed by 

a series of three blocks. Each block was comprised of one instruction phase (Causal, Positive 

or Negative condition) and one assessment phase. Each block presented a single new pattern 

(ABABAB, AABAAB or ABBABB) that was used throughout both instruction and assessment 



of that block (Table 1). The order of the condition used in each instruction phase and the 

pattern type depended on the script, with each instruction phase being paired with a different 

pattern type in different orders, according to the counter-balancing. 

The within-subject independent variable was the condition (Causal, Positive and 

Negative). The primary dependent variable was participant’s score out of 3 from each 

assessment phase (total score out of 9, see below for more details). The secondary dependent 

variable was the strategy employed by participants to solve the pattern items (see below for 

more details). It took approximately 15-20 minutes to complete all tasks. 

Each instruction phase presented a different method of teaching patterning (i.e. the 

three conditions), and learning was assessed immediately after each instruction phase to 

allow the experiment to isolate the effects of each condition (Figure 3). This design was 

based on that used by Fyfe et al. (2015). There were three assessment phases, one following 

each instruction phase. Each assessment phase included three test items: one Level-3 abstract 

item, and two Level-4 unit-identification items (unit-tower and unit-identification). 

Table 1. The pairing of each condition with each pattern type per block of the experiment, 

according to the nine scripts used in the experiment. 

Script Number Block 1 Block 2 Block 3 

1 Causal- AB Positive- AAB Negative- ABB 

2 Causal- ABB Negative- AAB Positive- AB 

3 Causal- AAB Positive- ABB Negative- AB 

4 Positive- AB Causal- AAB Negative- ABB 

5 Positive- AAB Negative- ABB Causal- AB 

6 Positive- ABB Negative- AB Causal- AAB 

7 Negative- AB Causal- ABB Positive- AAB 

8 Negative- AAB Positive- AB Causal- ABB 



9 Negative- ABB Causal- AB Positive- AAB 

 

The second session involved a short numeracy and language assessment (described 

below), which took approximately 30 minutes to complete.  

Figure 3. Flow chart of the general experimental structure where each of the three instruction 

phases (Causal, Positive and Negative) was followed immediately by an assessment phase of 

3 test items (abstract, unit-tower and unit-identification). The three ‘Instruction’ phases used 

different learning conditions (Causal, Positive or Negative condition), with the order varied 

according to counter-balancing (see Table 1). 

Counter-balancing. To counter-balance, there were nine scripts, ensuring that each 

condition (Causal, Positive, Negative) and pattern (AB, AAB, ABB) occurred in each order, 

preventing practice effects (Table 1). Furthermore, each pattern was equally matched with 

each condition three times, controlling for the possibility that participants may find a 

particular pattern easier or harder. 

Materials 

Patterns. All patterns were constructed using Microsoft PowerPoint. Pattern elements 

were organised into a row and printed onto white cardboard, creating a pattern card (Figure 

4). All patterns used throughout the experiment consisted of six equally spaced shapes of 

similar widths and heights, forcing participants to consider the relational unit of the pattern as 

opposed to surface differences, such as length. 
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Figure 4. An example of the printed patterns that were used throughout the experiment. 

Patterns within the instruction phases. All conditions within the instruction phases 

included a single model pattern card and a collection of four example pattern cards composed 

of new shapes (Figure 5). The model pattern remained the same throughout the entire block 

and was used as a base when giving explanations. Positive patterns were patterns defined by 

the same relational rule as the model (i.e. AB, AAB, or ABB), whereas negative patterns 

(relevant only for Causal and Negative conditions) were defined by an alternative rule 

(Figure 6).   

 

 

 

 

 

 

 

 

Figure 5. A model pattern card with one example positive pattern card. The experimenter 

would define the model pattern (top), and then explain how the example pattern shared the 

same relational rule, in this case AB. The experimenter would then replace the bottom 

example pattern with a new pattern card for the next explanation. 



 

 

 

 

 

 

 

 

Figure 6. Examples of the negative patterns created in Microsoft PowerPoint. Each negative 

pattern was consistently paired with a positive pattern. From the top: AABBAA (matched with 

ABABAB), AAABBB (matched with AABAAB) and ABAABA (matched with ABBABB).  

 

Blicket detector. The blicket detector used in the Causal condition was a coloured, 

wooden box with a model pattern resting against the front, facing the child (Figure 7). 

Activation of the blicket detector required the matching, positive pattern to be placed on top 

of the box, and involved the experimenter subtly ringing a bell while the pattern was touching 

the box. The bell was not rung for the non-matching, negative pattern. For example, if the 

model pattern was AABAAB, then the blicket detector was only activated by the 

corresponding AABAAB pattern, and not the negative AAABBB pattern. 

 

   

 

 

 

 



Figure 7. The blicket detector with one of the model patterns against the front, how it 

appeared to participants. 

Assessment items. Similarly to Fyfe et al. (2015), there was a single pre-test pattern 

item, which required participants to abstract an AABBAABB pattern using foam shapes 

(Figure 8). Note that the AABBAABBA pattern was only used in the pre-test and not in any of 

the instructions to prevent practice effects. The assessment phase in each block included three 

test 

items: 

abstract, unit-tower and the novel unit-identification. The test items required participants to 

either abstract the model pattern (Level-3) or identify the smallest pattern-unit (Level-4) for 

the pattern type designated to that block. For example, if the instruction phase taught 

participants about the ABB pattern, then the assessment phase also focused on the ABB 

pattern. Foam shapes were used as the solve elements for the pre-test, abstract and unit-

identification items. Duplo blocks were used to construct the towers used in the unit-tower 

tasks (Figure 9). Participants were typically given eight shapes/blocks to construct their 

patterns/towers, enough to create two repetitions of the pattern-unit (eg. four squares and four 

triangles).  

 

Figure 8. The hand-cut foam shapes that were used for the pre-test, abstract and unit-

identification items. Note that these were equivalent to the shapes and colours seen during the 

instruction phases 

 

 



 

Figure 9. The Duplo blocks that were used for the unit-tower items. 

Numeracy assessment. The numeracy assessment used in the current study was 

adapted from the Best Start Kindergarten Assessment used in NSW schools to assess 

students’ level of mathematics understanding when they enter kindergarten. There are 50 

items in the Assessment; however, due to concerns about participant fatigue when combined 

with the Peabody Picture Vocabulary Test (PPVT), this was reduced to 40 items (see 

Appendix O). Items included counting, quantifying numbers, identifying number names and 

simple addition. 

Language assessment. Language was assessed using the PPVT, Fourth Edition 

(Form A) (Dunn & Dunn, 2007). This is a standardised vocabulary test that assesses the 

receptive vocabulary of children and adults.  

Procedure 

Participants completed both sessions in a quiet area of their school or preschool. For 

each participant, a video camera was pointed at either the experimenter (to ascertain that the 

experimenter was not influencing participants) or to the participant/table (to capture evidence 

of participants’ responses for the purpose of collecting inter-rater reliability data).  

First session. In the first session, the experimenter and participant sat opposite each 

other at a table. The experimenter first obtained assent from all participants by asking him/her 

if he/she could help make some patterns. If assent was given, the experimenter began the 

study by introducing the pre-test AABBAABB item. The experimenter said “I made a pattern 

using these shapes. [Point to model pattern]. Can you please make the same kind of pattern 

here, using these shapes?”, and handed the participant the solve elements. No corrective 

feedback was given for the pre-test item. Following the pre-test came the three blocks of 

instruction and assessment. 



Instruction phases. As explained above, each instruction phase presented participants 

with a new method of teaching through the Causal, Positive and Negative conditions. The 

abstract explanations used in all instruction phases were adapted from Fyfe et al. (2015). The 

explanations were abstract in the sense that the patterns were described using generic labels 

that represent structure and can be applied across contexts. For example, for the patterns in 

our experiment varying in colour and shape, letters of the alphabet are considered abstract 

because they stand for similar features, (eg. the first element of all patterns can be labelled 

‘A’), as opposed to concrete labels, such as colours, that have no significance beyond 

identifying the colour of the specific pattern element (Fyfe et al., 2015). For example, the 

explanation for an ABB positive pattern was: “The part that repeats in the model pattern is A-

B-B because it has one, and then two that are the same as each other, but are different to that 

one [point along model pattern]. The part that repeats in this pattern is also A-B-B, because 

it has one, and then two that are the same as each other, but are different to that one [point 

along second pattern]. These patterns are alike, because the secret code for both patterns is 

A-B-B [point to both patterns simultaneously]”. An explanation of a similar style was given 

for the negative pattern (relevant only for Causal and Negative instructions), highlighting 

instead the differences between the patterns (see Appendix E). 

During the Causal condition, participants were introduced to the blicket detector with 

a model pattern resting against the front by the experimenter, who said “This is my toy. Some 

things make my toy play music, and some things do not make my toy play music.” The 

experimenter proceeded to place one positive pattern card on the box, followed by a negative 

pattern card, commenting on the toy’s activation or lack thereof (the patterns were ‘positive’ 

and ‘negative’ regarding whether they followed the same relational rule as the model). 

Blicket detector dialogue was adapted from Walker & Gopnik (2014; see Appendix F for full 

script). The experimenter then provided two new pattern cards (one positive and one 



negative) and encouraged the participant to try both patterns on the toy, thereby testing their 

hypotheses regarding what was causing activation. Consequently, children learned about the 

cause-and-effect relationship through both experimenter demonstration and self-

experimentation (Walker & Gopnik, 2014). To conclude the Causal instruction phase, the 

experimenter gave two abstract explanations: one explanation for the positive pattern and one 

for the negative pattern. 

The instruction phases including the Positive and Negative conditions followed a 

similar procedure and utilised the same style of explanations, although without the blicket 

detector. In the Positive condition, participants were shown a single model pattern, and then 

four positive pattern cards were presented sequentially. The experimenter provided detailed 

explanations for the first two patterns, followed by two briefer explanations for the last two 

(Appendix E-F). The Negative condition also provided two detailed and two briefer 

explanations, although with two positive patterns and two negative patterns. The detailed 

explanation for the positive pattern was always given first, followed by the detailed 

explanation for the negative pattern, and concluding with the briefer positive and negative 

explanations. 

All three conditions were matched for the number of pattern exemplars to learn from 

(one model, four examples) and the number of detailed explanations of these patterns (two). 

As a result, any differences between conditions can be attributed to either causal framing or 

the nature of explanation, and not to any extraneous factors.  

Assessment phase. Within each block, and following the completion of each 

instruction phase, was the assessment phase. Firstly, there was a single abstract item, where 

the child was asked to abstract the model pattern that had been used throughout the 

instruction phase with solve elements of a different shape/colour, with identical instructions 

as the pre-test item. For the unit-tower item within the first block, a brief demonstration was 



given (Rittle-Johnson et al., 2013). The experimenter created an AABBAABB tower and 

explained that the smallest tower that kept the same pattern was AABB. This pattern was used 

for demonstration purposes because it was only seen during pre-test, and thus should not bias 

performance through any practice effects. Following the demonstration, the experimenter 

created a new tower (following the same rule as the model pattern for that instruction phase) 

and asked the child to make the smallest tower possible while keeping the pattern the same. 

The final test item was the unit-identification task, where the child was shown a new pattern 

and asked to make the smallest pattern with new solve elements, while keeping the pattern 

the same. No corrective feedback or explanations were given.  

After completing the first instruction and assessment phases, the experimenter would 

begin the second block of instruction and assessment, and so on. 

Second session. In the second session, the experimenter and child sat perpendicular to 

each other at a table. The numeracy assessment was conducted first: the experimenter gave 

instructions for each item (eg. “Start counting from 1, and I will tell you when to stop”), and 

waited for the participant to respond, before moving onto the next item. 

The PPVT was completed second, as described in the manual (Dunn & Dunn, 2007). 

Due to difficulties accessing the preschool for the second session, only a sub-sample of 29 

participants completed these assessments.  

Coding 

 Patterns. The experimenter recorded participants’ responses on the experimenter 

script in line with Rittle-Johnson et al. (2013): abstract items were scored dichotomously as 

either correct (1) or incorrect (0). Responses were scored correct if the participant created at 

least one full pattern-unit, with no errors. For example, if the model pattern was AABAAB, an 

AABAAB response would be scored correct, whereas an AABAB response would be scored 

incorrect.  



Unit-tower and unit-identification items were scored correct (1), partially-correct (0.5) 

or incorrect (0). Responses creating the correct tower or pattern, but not the smallest, were 

scored partially-correct  

Patterning strategies. Participants’ responses to the pre-test and test pattern items 

were classified according to one of the following three categories described below. While 

some of these strategies are adapted from Papic et al. (2011) and Collins and Laski (2015), 

we group them into only three categories for greater conceptual clarity and statistical power. 

Incorrect non-patterning: participants solve the pattern item incorrectly and appear to 

pay no attention to the structure of the model pattern. This may involve randomly placing 

shapes on the table, placing shapes in a line reminiscent of a pattern, attempting to create 

objects (eg. a house, or face), or claiming that they could not make the pattern because the 

solve elements did not match the model pattern elements.  

Incorrect patterning: participants solve the pattern item incorrectly, but appear to 

focus on either a sequence of alternating shapes, or on a relational rule from a previous 

pattern (applicable only to test items, not pre-test). This strategy may represent a pattern-

readiness phase, where the child understands that a pattern involves a repeating element (eg. 

A-B), but cannot yet apply this awareness to specific forms of patterns.  

Correct patterning: participants correctly abstracted the model pattern using the solve 

elements, and thus are using a patterning strategy. 

 Numeracy assessment. All items were scored dichotomously as either correct (1) or 

incorrect (0), according to the scoring requirements described by the official assessment. 

 Language assessment. The PPVT was scored according to the instructions in the 

manual (Dunn & Dunn, 2007). 

 

 



 

 

Results 

Coding 

Although scores on the unit-tower and unit-identification tasks were originally coded 

as correct, partially-correct or incorrect (see method), only one correct response was 

produced for the unit-tower task, and two correct responses for the unit-identification task 

(out of a total 41 items respectively). This indicates that the vast majority of participants were 

treating all test items as abstraction tasks, regardless of the instructions given. Consequently, 

we reclassified the partially-correct responses as correct, and recoded unit-tower and unit-

identification items dichotomously. 

Participants’ responses. To determine inter-rater reliability, an independent coder 

watched a random sample of videos and scored participants’ responses as either correct or 

incorrect. A Cohen’s Kappa statistic of 0.829 was calculated, indicating very good 

agreement.  

Videos. An independent coder blinded to the experimental hypothesis watched a 

different sample of videos and determined that the experimenter did not appear to be guiding 

participants’ responses during testing by hinting towards correct answers, and that a similar 

level of engagement and enthusiasm was displayed across each condition.   

Child-related Variables 

A multiple linear regression analysis was conducted to determine if participants’ 

demographic variables (age and year group) and pre-test score (M=0.293, SD=0.461) 

predicted total pattern score across all assessments. Because prevous patterning research has 

not reported any gender effects, gender was not included in our model (Fyfe et al., 2015; 

Rittle-Johnson et al., 2013). The regression model was significant, accounting for 29.6% of 



the variance in participants’ total score, F(3,37)=5.176, p=0.004. However, year group was 

the only unique predictor of pattern score after controlling for age and pre-test performance, 

b=3.874, SEb 3.181, t(37)=3.181, p=0.003, sr=0.439. The finding that year group, but not 

age, is a significant predictor of pattern performance is explored in more detail below. 

Pre-test score. Given that year group predicted test performance, we considered 

whether year group also predicted pre-test score. Kindergarten children (M=0.500) did score 

higher on the pre-test item than preschool children (M=0.185), yet a two-tailed Fisher exact 

probability test
1
 revealed that this difference did not reach significance, p=0.068.   

Effects of Condition 

To examine the effect of condition and year group, a mixed ANOVA was conducted 

with pattern score from the assessment phase of each condition as the repeated measures 

dependent variable, and year group as the between-subject independent variable. The main 

effect of year group was significant, with kindergarten children (M=1.952, SD=1.079) 

scoring higher on the pattern assessments than preschool children (M=0.951, SD=1.010), 

F(1,39)=13.930, p=0.001, ƞ
2

p=0.263. However, the main effect of condition was not 

significant, F(2,78)=0.601, p=0.551, ƞ
2

p=0.015. There was no significant interaction between 

year group and condition, F(2,78)=0.418, p=0.660, ƞ
2

p=0.011 (Figure 10).  

Additionally, none of the planned within-subject contrasts were significant. There was 

no significant difference between: a) Causal score (M=1.390, SD=1.137) and the average 

score on the Positive and Negative assessments (M=1.244, SD=1.131), F(1,39)=0.973, 

p=0.330, ƞ
2

p=0.024; b) Causal score and Positive score, (M=1.317, SD=1.192), 

F(1,39)=0.304, p=0.585, ƞ
2
= 0.008; c) Causal score and Negative score (M=1.171, 

SD=1.070), F(1,39)=1.422, p=0.240, ƞ
2

p=0.035; or d) Positive score and Negative score, 

F(1,39)=0.253, p=0.618, ƞ
2

p=0.006. 

                                                           
1
 The result from Fisher’s exact probability test was reported instead of a chi-square test of association because 

some of the cells in the contingency table had a frequency of less than 5 (Lowry, 2004). 



 

 

  

 

 

 

 

 

Figure 10. Participants’ mean patterning test score (out of 3) for each condition according to 

year group (preschool or kindergarten). Error bars represent +/- Standard Error. 

Effects of order and pattern type. To examine whether test performance was 

affected by order of presentation or type of pattern, two one-way repeated measures 

ANOVA’s were. The first ANOVA examining presentation order presentation order (scores 

from assessment blocks 1, 2 and 3) found there were no significant performance differences 

across the different orders, F(2,80)=0.039, p=0.962, ƞ
2

p=0.001.  

The second ANOVA examining pattern type found a significant difference in pattern 

score between the three pattern types, F(2,80)=16.630, p<0.001, ƞ
2

p=0.294 (Figure 11). 

Contrasts revealed that performance was significantly higher on the AB pattern (M=1.781, 

SD=1.173) than the AAB pattern (M=1.073, SD=1.034; F(1,40)=21.318, p<0.001, ƞ
2

p=0.348) 

and ABB pattern (M=1.024, SD=1.037; F(1,40)=22.559, p<0.001, ƞ
2

p=0.361). There was no 

difference in performance between AAB and ABB, F(1,40)=0.151, p=0.700, ƞ
2

p=0.004. 

Importantly, there was no interaction between pattern type and script, F(16,64)=1.168, 

p=0.317, ƞ
2

p=0.226. 
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Figure 11. Mean pattern score according to pattern type. Error bars represent +/- Standard 

Error.  

A significant interaction was observed between condition and script number (1-9, see 

Table 1)
2
, F(16,64)=3.167, p=0.001, ƞ

2
p=0.442. In attempting to understand what might be 

responsible for this interaction, we collapsed the nine scripts into three groups according to: 

1) the order of each learning condition, and 2) the order of each pattern type. These were the 

two possible variables of interest to explain the interaction that perhaps one learning 

condition or pattern earlier in the sequence would lead to more overall learning gains than 

other conditions or patterns. The mixed ANOVA was repeated, firstly with scripts grouped 

according to order of condition as the between-subjects independent variable, and condition 

as the repeated measures dependent variable. Surprisingly, the interaction was no longer 

significant, F(4,76)=0.792, p=0.534, ƞ
2

p=0.040. The same result was found when scripts were 

grouped according to pattern order, F(4,76)=938, p=0.446, ƞ
2

p=0.047. These follow-up 

analyses indicate that the initial significant interaction between condition and script number 

did not represent a meaningful interaction, and is most likely a by-product of random 

differences between the nine scripts.  

Differences in Test Items: Unit-tower vs Abstract Tasks 

                                                           
2
 The different scripts represent different combinations of presentation order and pattern type with learning 

condition. 
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We wanted to confirm previous findings that the unit-tower task is of greater 

difficulty than pattern abstraction. A repeated-measures ANOVA, with participants’ total 

score for the three test items as the repeated measure dependent variable, revealed a 

significant difference in performance across the three items, F(2,80)=21.253, p<0.001, 

ƞ
2

p=0.347 (Figure 12). Planned contrasts showed that scores on the unit-tower item 

(M=0.707, SD=0.874) were significantly lower than scores on the abstract item (M=1.659, 

SD=1.277; F(1,40)=24.772, p<0.001, ƞ
2

p=0.382) and the unit-identification item (M=1.512, 

SD=1.121; F(1,40)=22.878, p<0.001, ƞ
2

p=0.364). There were no differences between the 

abstract and unit-identification items, F(1,40)=2.323, p=0.135, ƞ
2

p=0.055. 

 

 

 

 

 

 

 

 

 

Figure 12. Proportion of participants scoring each item correct (Abstract, Unit-tower and 

Unit-identification) broken down by conditions (note that the ANOVA was conducted using 

the total score for each item across conditions i.e. a score out of 3). Error bars represent +/- 

Standard Error.  
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To investigate the hypothesis that participants would improve from pre-test to the 

abstract test item, a series of chi-squared tests of association were conducted. Abstract test 

performance was significantly higher in the Causal condition (χ
2

Yates=5.48, p=0.019) and 

Positive condition (χ
2

Yates=7.09, p=0.008), but not in the Negative condition, (χ
2

Yates=2.51, 

p=0.113). Although not significant, the number of children solving the Negative abstract test 

item correctly was higher than at pre-test. Overall, when considering all conditions combined, 

the proportion of children correctly solving the abstract test items was 0.569. This has a 95% 

confidence interval of 0.477-0.657, and thus represents a significant improvement from pre-

test, where the proportion of correct responses was 0.293, which is below the lower limit of 

the 95% confidence interval.  

It was worthwhile investigating whether these improvements were also observed 

when preschool and kindergarten children were considered separately. Numerical 

improvements were observed from pre-test to abstract test for both pre-school and 

kindergarten children across all conditions (Figure 13). However, only the improvement from 

pre-test to Positive abstract test for preschool children was statistically significant, 

(χ
2

Yates=5.2, p=0.023). While this result may indicate the superior utility of Positive 

instruction, particularly for preschool children, compared to the other conditions, we must 

consider the smaller sample size and reduced power that result from analysing the two groups 

separately. 
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Figure 13. Proportion of children in preschool and kindergarten solving the pre-test and 

abstract test items correctly. 

Pattern Strategies 

Pre-test strategies. Given the significance of year group in predicting test 

performance, we examined whether year group predicted pre-test strategy. A Fisher exact 

probability test revealed a significant difference in pre-test strategy between preschool and 

kindergarten children, p<0.001 (Table 2).  

 Table 2. Break down of patterning strategies used on the pre-test item according to year 

group (preschool and kindergarten). 

 

Although pre-test score did not predict test patterning performance, we wanted to 

determine if pre-test strategy was a significant predictor. A between-subjects ANOVA was 

conducted with participants’ pre-test strategy as the between-subjects independent variable, 

and total pattern score as the dependent variable. The overall model was significant, 

F(2,38)=5.907, p=0.006, ƞ
2

p=0.237. Participants using an incorrect non-patterning pre-test 

strategy (M=2.185, SD=2.073) scored significantly lower on the pattern assessments than 

participants using an incorrect patterning pre-test strategy (M=5.000, SD=2.828; 

F(1,38)=8.933, p=0.005, ƞ
2

p=0.190) or the correct patterning pre-test strategy (M=4.917, 

SD=2.678; F(1,38)=8.041, p=0.007, ƞ
2

p=0.175). There were no differences between the 

incorrect patterning and correct patterning pre-test strategies, F(1,38)=0.007, p=0.935, 

ƞ
2

p<0.001 

 Incorrect non-patterning Incorrect patterning Correct patterning 

Preschool 

Kindergarten 

16 

0 

6 

7 

5 

7 



Given that both year group and pre-test strategy predict pattern performance, it 

seemed important to compare them. A multiple linear regression analysis revealed that 31.9% 

of the variance in pattern performance could be explained by year group and pre-test 

strategy
3
, F(3,37)=5.766, p=0.002. Year group was a significant predictor of pattern score 

after controlling for pre-test strategy (b=2.047, t(37)=2.102, p=0.042, sr=0.285), but pre-test 

strategy no longer predicted pattern score after controlling for year group. 

Strategy changes. There appeared to be strategy changes between pre-test and test, 

and between the test items (Table 3). Given the similar performance of the abstract and unit-

identification items, our remaining analyses focus on the abstract and unit-tower items.  

A chi-square test of association was conducted to investigate differences in the 

number of participants using each strategy at pre-test and the abstract test items. A significant 

difference in strategy use was found between pre-test and Causal abstract test (χ
2
(2)=9.83, 

p=0.007), and Positive abstract test (χ
2
(2)=12.77, p=0.002), demonstrating a shift from 

predominantly incorrect strategies to patterning strategies for test abstract items (Table 4). 

However, the strategy change from pre-test to Negative abstract test was not significant, 

(χ
2
(2)=3.93, p=0.140. 

 

                                                           
3
 Two dummy coded variables were created to capture all the variance in pre-test strategy. 

 Incorrect non-

patterning 

Incorrect 

patterning 

Correct 

patterning 

Total 

Pre-test 16 13 12 41 

Abstract total 42 12 70 123 

Unit-tower total 62 32 29 123 

Unit-identification total 50 10 63 123 

Causal abstract 14 3 23 41 

Causal unit-tower 18 11 12 41 

Causal unit-identification 16 3 22 41 



Table 3. Summary of the number of times each strategy was employed by participants to solve 

each pre-test item and post-test items for each learning condition. 

 

Note. Numbers in boldface indicate the most frequently used strategy for that item. 

Table 4. Proportion of participants solving each abstract test item correctly according to pre-

test strategy classification. 

Note. Numbers in boldface indicate an improvement; at pre-test, participants using incorrect 

non-patterning and incorrect patterning scored 0, and thus any proportion above 0 represents 

an improvement at the abstract test. Numbers in brackets indicate the number of children in 

each pre-test strategy group.  

No significant strategy changes were observed from pre-test to the unit-tower tests for 

the Causal condition (χ
2
(2)=0.28, p=0.869), Positive condition (χ

2
(2)=1.77, p=0.413) or 

Negative condition (χ
2
(2)=1.91, p=0.385). 

Strategy use for test items. A chi-square test of association revealed a significant 

difference in strategy use between the abstract and unit-tower item, χ
2
(2)=28.61, p<0.001. 

This reflects a significant reliance on incorrect non-patterning strategies to solve the unit-

tower items, compared to the more common use of correct patterning strategies for the 

abstract items. 

Positive abstract 14 2 25 41 

Positive unit-tower 22 10 9 41 

Positive unit-identification 18 2 21 41 

Negative abstract 14 7 20 41 

Negative unit-tower 22 11 8 41 

Negative unit-identification 16 5 20 41 

 Causal Positive Negative Total 

Incorrect non- 

patterning (16) 
0.312 0.438 0.25 0.333 

Incorrect patterning 

(13) 
0.692 0.308 0.462 0.487 

Correct (12) 0.75 0.75 0.75 0.75 



Numeracy and Language Assessments 

To examine the relationship between patterning, numeracy and language, a multiple 

linear regression analysis was conducted, with participants’ total pattern score as the 

dependent variable, and year group, and raw scores on the numeracy and language 

assessments as predictor variables. The overall model was significant, F(3,25)=3.259 

p=0.038, explaining 28.1% of the variance in pattern score. Only year group was a significant 

predictor of pattern score after accounting for the other variables, b=3.120, t(25)=2.069, 

p=0.049, sr=0.351. However, there was a significant moderate positive correlation between 

language and pattern performance (r(25)=0.393, p=0.018), and between language and 

numeracy (r(25)=0.605, p<0.001). The correlation between numeracy and pattern 

performance, although in the expected direction, did not reach statistical significance 

(r(25)=0.288, p=0.065).  

Effect of schooling. Given the significance of year group in predicting patterning, we 

regressed age and year group on numeracy ability. The model was significant, with age and 

year group explaining 60.6% of the variance in numeracy, F(2,26)=20.011, p<0.001. Only 

year group significantly predicted numeracy performance after controlling for age, b=6.712, 

SEb=2.833, t(26)=2.369, p=0.026, sr=0.292. This indicates that although age and year group 

are obviously related domains, schooling is more important than age in predicting numeracy 

ability (Figure 14). 
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Figure 14. The mean score for the Numeracy and PPVT assessments for preschool and 

kindergarten children. Error bars represent +/- Standard Error. 

A second multiple linear regression regressed age and year group on language ability. 

The overall model was significant, with age and year group explaining 24.4% of the variance 

in PPVT score, F(2,26)=4.186, p=0.027. However, neither variable was a significant 

predictor of language ability after controlling for the other. 

Discussion 

Research on causal reasoning shows that when information is presented in a causal 

framework, children at surprisingly young ages demonstrate abstract thinking. However, 

research on abstract language suggests that children require substantial scaffolding to think 

abstractly, particularly for pattern abstraction. In this study, we combined these ideas to 

explore whether engaging in causal reasoning can improve 4- and 5-year-olds’ pattern 

performance beyond the improvement achieved using explanations alone. In our experiment, 

children completed a pre-test abstraction item, followed by a series of three blocks of 

instruction and assessments. Contrary to expectations, there was no additional benefit from 

including causal reasoning into traditional pattern learning. Below, we consider the 

explanations for, and implications of, this finding. 

Effect of Condition on Patterning Performance 

The main aim of the current study was to examine whether the addition of causal 

reasoning tasks to patterning teaching using abstract explanations enhances children’s pattern 

performance. We expected that presenting patterns in a causal framework would engage 

children’s interest to compare the patterns and extract the causal relationship, thus facilitating 

learning of the pattern unit (Alvarez & Booth, 2015; Schulz & Baraf, 2007). However, our 



results showed there was no difference in pattern performance between the Causal and 

control conditions, suggesting that inclusion of a causal framework in pattern learning and 

engaging in causal reasoning does not appear to improve learning beyond what is achieved 

using explanations alone. We also expected to observe better pattern performance in the 

Negative compared to the Positive condition, given that the former condition gave children 

the opportunity to compare both positive and negative examples. However, this was not the 

case.   

Importantly, pattern performance improved significantly from pre-test to the abstract 

test item in the Causal and Positive conditions. Although a corresponding improvement was 

noted in the Negative condition, it did not reach statistical significance. It is important not to 

read too deeply into this result as implying that the Negative condition ‘failed’ compared to 

the other instructions, for two reasons: firstly, there was a still a numerical improvement from 

pre-test to Negative abstract test; and secondly, pattern performance observed for the 

Negative condition was similar to that observed for the Causal and Positive conditions, 

suggesting that the Causal and Positive instructions are not more effective in improving 

pattern understanding.  

Furthermore, these improvements from pre-test to the abstract test item were also 

associated with changes in strategy. At pre-test, there was a fairly even use of strategies 

(incorrect non-patterning, incorrect patterning and correct patterning). Following instruction, 

however, a shift occurred towards greater use of correct patterning strategies and an 

associated reduction in incorrect patterning strategies (although not for the unit-tower item). 

This indicates that the patterning instructions were successful in shifting children from a 

pattern-readiness phase (in the sense that their pre-test strategy of alternation showed some 

form of pattern awareness) to a more sophisticated understanding of pattern structure.  



Theoretical implications: What do these findings mean for causal framing and 

abstract explanations? While unexpected, our results provide a fascinating insight into 4- 

and 5-year-olds’ patterning understanding and the efficacy of different learning methods. It is 

important to realise that the Causal condition did not fail, given that there was an observed 

improvement from pre-test to the test abstract item following the Causal instruction. Indeed, 

the similar levels of pattern performance across conditions could be accounted for by two 

potential explanations.  

Firstly, it is possible that each of the unique components of the three conditions (i.e. 

causal reasoning, explanations for all positive examples, or explanations for positive and 

negative examples) contributed to the improvements in pattern understanding. This 

explanation is certainly valid in the sense that the design of each condition was based on 

research indicating that each of those unique features can lead to improvements in abstract 

thinking (Fyfe et al., 2015; Gopnik & Sobel, 2000; Kotovsky & Gentner, 1996). 

The second possible explanation for the similar performance across conditions is that 

all the observed improvements were dominated by the effect of the single abstract 

explanation for the positive pattern that was given to children under all three conditions. This 

account is intuitive, because it allows the similar level of performance to be explained by the 

only feature that is shared across conditions. Furthermore, the importance of abstract 

explanations for positive examples is supported by previous findings showing the 

considerable effects of comparison and explanation in facilitating abstract thinking (Fyfe et 

al., 2015; Hoyos & Gentner, 2017; Gentner & Namy, 1999; Loewenstein & Gentner, 2001; 

Markman & Gentner, 1993; Rittle-Johnson et al., 2015). This is not to say that a single 

abstract explanation of a positive pattern is sufficient on its own to improve pattern 

abstraction. Rather, such an explanation is a necessary, foundational factor, which can be 

built upon with other forms of pattern instruction or additional explanations. However, if this 



explanation is correct, it indicates that the effects of the additional instructional elements 

explored in our study were too small to be detected. The implications of this are further 

explored below. 

Why was there no effect of causal framing? The literature on causal reasoning led us 

to expect that applying causal framing to patterning would result in improvements in abstract 

thinking when measured on pattern tasks (Gopnik & Sobel, 2000; Gopnik & Wellman, 2012; 

Walker & Gopnik, 2014 etc.). However, this hypothesis was not supported by our findings. 

There are several explanations for why this was the case. Firstly, abstract thinking is 

measured in different ways in different fields: within the patterning literature (and related 

research on explanations), abstract thinking is typically measured using tasks such as pattern 

abstraction, a task with a high intrinsic cognitive load (Sweller, 1994). In such tasks, children 

must not only extract the underlying relationship connecting pattern elements, and transfer 

this understanding to recognise a novel instance of the same pattern, but also manipulate the 

appropriate physical objects to create a pattern following the same relational rule as the 

model (Rittle-Johnson et al., 2013). However, within the causal framing literature, simpler 

measures such as pointing and selecting objects are more widely used (Cook et al., 2011; 

Schulz & Baraff, 2007; Walker & Gopnik, 2014). Consequently, the impressive abstract 

thinking displayed by children in causal reasoning research may be limited to tasks that are 

intrinsically easier and do not place such extensive demands on executive functions (Bock et 

al., 2018; Kharitonova, Winter & Sheridan, 2015; Roman, Pisoni & Kronenberger, 2014). 

This explanation allows for the conclusion that causal framing can elicit abstract thinking in 

children (as extensively demonstrated by previous research eg. Gopnik & Sobel, 2000), but 

that, this is only evident when children perform simpler abstract thinking tasks; when the 

measure of abstract thinking is composed of multiple components that are demanding on 



children’s developing executive functions (such as pattern abstraction), causal reasoning is 

unable to stimulate abstract thinking to the extent needed for successful pattern abstraction. 

Secondly, studies have suggested that the learning benefits linked to causal 

information are only observed after a delay. Research comparing word-learning for new 

words that had been taught either with or without a causal framing showed that there was 

improved retention for the causal words compared to non-causal words after a substantial 

delay, despite there being no initial differences in word learning (Booth, 2009; Bauer et al., 

2016). This suggests that the effect of causal reasoning on patterning may only be observed 

after a delay, a factor that was not included in our study. Future research could extend these 

word learning findings to the pattern literature by examining whether children show longer-

term learning advantages of causal framing on pattern abstraction. Unlike the current study, a 

between-subjects design would be better suited for this research, as a within-subject design 

with delayed testing would essentially be examining memory differences for the three pattern 

types, rather than general learning about repeating patterns, which would be more easily 

observed in a between-subjects design. 

Finally, it is also possible that participants simply did not engage in causal reasoning 

as expected. Our blicket detector design aimed to capture children’s interest and encourage 

comparison to work out why only some patterns caused the bell to ring (Lucas et al., 2014). 

However, if participants failed to consider that there could be something important about the 

pattern’s relational structure (and not some other random, or perceptual feature) causing 

activation, then any process of causal reasoning would be misdirected, and thus be unlikely to 

lead to greater pattern understanding.  

Practical implications. Based on our current results, there is insufficient evidence to 

recommend that causal reasoning be adapted into educational curriculum for pattern learning. 

There was only a very small effect size of condition (ƞ
2

p=0.015), and a power analysis 



conducted using G*Power 3 Statistical Power Analysis Software (Faul et al., 2007) revealed 

that a sample size of 107 children would be required for the difference between conditions to 

be significant. Consequently, even if causal reasoning did significantly improve patterning 

compared to explanations when testing with a larger sample, the effect would only be small, 

and hence would be of little educational benefit. This is contrasted with the large effect of 

abstract explanations on patterning (compared to concrete explanations) observed by Fyfe et 

al. (2015), indicating that providing abstract explanations is currently the most effective 

method of teaching children about repeating patterns. 

Limitations. One limitation of our design is that because all conditions included at 

least two abstract explanations, we cannot assess the specific contributions of the unique 

components of each learning condition. Our aim was to design an intervention that could 

maximise learning by combining causal framing and abstract explanations; however, this 

amalgamation prevents us from assessing whether causal framing can improve pattern 

awareness on its own, or if its involvement is made redundant by also including explanations. 

Furthermore, similar performance between the Causal and Negative conditions prevents us 

from isolating the effects of causal reasoning compared to the comparison of positive and 

negative examples alone, without the causal framing. From a theory standpoint, it would be 

interesting to know whether causal reasoning can be applied as a learning technique on its 

own, and future research could consider stand-alone causal reasoning instruction. However, 

in practice, our finding that combining causal framing with explanations confers no 

advantage suggests that there is no immediate justification to recommend this form of 

instruction. 

More general design limitations will be discussed below.  

Future directions. Although our research failed to discriminate pattern learning 

between different forms of instruction, small design adjustments could be made by future 



research to determine whether there is an educational benefit to applying causal reasoning to 

patterning, and under what conditions.  

Inference learning. Operationalisation of the causal relationship in our study 

involved the experimenter placing a printed pattern card onto the blicket detector. This could 

be adjusted by placing physical pattern elements individually onto the blicket detector, with 

the final element being critical in either completing the pattern correctly and causing 

activation (eg. A-A-B-A-A-…. B), or incorrectly completing the pattern and not causing 

activation (eg. . A-A-B-A-A-…. A). Attempting to infer what is causing the blicket detector to 

activate may stimulate causal reasoning more effectively than our design did, and thus is 

worth investigation (Erickson, Chin-Parker & Ross, 2005; Sakamoto & Love, 2010). 

Abstract labels. Abstract labels promote abstraction of the relational similarity and 

enhance the comparison effect (Graham et al., 2010; Jamrozik, & Gentner, 2013; Kotovsky & 

Gentner, 1996). Providing additional scaffolding to the causal framing by labelling the 

positive and negative patterns with novel labels (eg. labelling the positive pattern ‘dax’, and 

calling the negative pattern ‘not a dax’) may enhance comparison of the patterns, and 

facilitate encoding of the causal relationship. Although this dilutes the ‘causal reasoning 

effect’ and thus has little theoretical benefit, adding abstract labels to the patterns used with 

the blicket detector, as well as the subsequent explanations, may produce a ‘super instruction’ 

that provides children with maximum pattern learning, representing a worthwhile avenue for 

further research. 

Growing patterns. Although not directly related to a limitation of our design, future 

research could compare the effects of causal reasoning and abstract explanations on growing 

patterns (patterns that systematically increase or decrease eg. 1, 3, 5… or ABAABAAAB…), 

as opposed to the more commonly researched repeating patterns (and focus of our own study; 

Wijns et al., 2019). Given the greater difficulty in learning about growing patterns, it is 



unclear if the same teaching styles used with repeating patterns would transfer to growing 

patterns (Wijns et al., 2019). Consequently, future research could examine the potential 

benefits of causal framing in improving children’s understanding of growing patterns (with 

shapes and/or numbers), instead of repeating patterns. 

Pattern Abstraction vs Pattern-unit Identification 

Our results confirmed previous findings that 4- and 5-year-olds are better at pattern 

abstraction than unit-identification (Rittle-Johnson et al., 2013; Rittle-Johnson et al., 2015). 

When children were instructed to create the smallest tower/pattern for Level-4 items, most 

participants failed to identify the smallest unit. This is consistent with previous research 

demonstrating that Level-4 items are the most difficult, requiring more sophisticated pattern 

awareness that is not yet available to young children (Rittle-Johnson et al., 2013; Rittle-

Johnson et al., 2015).  

Surprisingly, participants also struggled to identify the smallest pattern-unit even 

when the task was presented in a more familiar format. We proposed a novel unit-

identification task to address poor performance on unit-tower tasks (Rittle-Johnson et al., 

2013; Rittle-Johnson et al., 2015), and to act as a stepping stone between pattern abstraction 

and unit-identification. However, despite its more accessible format, only two children 

successfully identified the smallest unit, with the remaining attempting to abstract the pattern 

in its entirety. This implies that when it comes to Level-4 unit recognition tasks, the difficulty 

lies in identifying the smallest unit, and a more familiar pattern presentation does not make 

these tasks easier. 

 However, the above interpretation is challenged by children’s performance on the 

unit-tower task; even when scoring was based only on correct abstraction and not unit-

identification, performance was still substantially lower on the unit-tower task than the 

abstract and unit-identification tasks. Moreover, children showed a higher use of incorrect 



patterning strategies for the unit-tower item compared to other items. These observations 

suggest that, even as an abstraction task, the tower format poses a considerable challenge to 

young children. 

Implications and future directions. The low performance of 4- and 5-year-olds on 

the unit-tower tasks implies an inability to transfer learning to a novel format. The ability to 

transfer learning to new problems is essential in the education context, particularly in 

mathematics (Kaminski, Sloutsky & Heckler, 2009; Gadzichowski, 2012; Papic et al., 2011), 

and thus interventions that fail to encourage relational transfer have only limited practical 

applications. Consequently, future research should examine the factors required to enable 

children to transfer learning about a pattern’s relational rule across tasks. However, future 

studies may need to include multiple instruction sessions, as previous work suggests that it 

may be difficult for young children to achieve relational transfer after only a single 

instruction session (Rittle-Johnson et al., 2015; White, 2016), and that transfer is more likely 

following a longer-term patterning intervention (Papic et al., 2011). These previous results 

suggest that for young children to really understand the nature of repeating patterns and the 

pattern-unit, a combination of repeated instruction and practice over time is required. 

However, for this conclusion to be of concrete utility for educators, future research should 

seek to determine the most effective ways to encourage transfer.  

Effect of Schooling 

Patterning. One of our most interesting findings was that participants’ current year 

group at school (preschool or kindergarten), but not age, predicted patterning performance. 

Although it is hardly a ground-breaking finding that children attending school have greater 

knowledge than children not yet attending school, it is noteworthy that education level is a 

stronger predictor of pattern awareness than age. This is especially true after considering the 

substantial evidence documenting the relational shift, where children’s ability to respond 



relationally typically increases with age (Gentner, 1998; Honomichl & Chen, 2006; Kotovsky 

& Gentner, 1998; Loewenstein & Gentner, 2001). In our work, year group also predicted 

participants’ pre-test strategy, implying that the effect of schooling not only applies to 

children’s ability to learn from a short-term patterning instruction, but also to children’s 

existing pattern knowledge. 

The NSW kindergarten syllabus incorporates patterning content, including 

recognising, copying, continuing and creating repeating patterns (New South Wales Board of 

Studies, 2012). While there is some patterning exposure during preschool (New South Wales 

Department of Education, 2010), there is greater structured pattern content taught in 

kindergarten (New South Wales Board of Studies, 2012). Consequently, kindergarten 

children are effectively enrolled in a long-term ‘pattern intervention’ that is not yet available 

to children in preschool. With this perspective, it is helpful to compare our results to other 

long-term patterning interventions, which also observed improved patterning awareness 

following long-term pattern interventions (Kidd et al., 2013; Mulligan et al., 2008; Papic & 

Mulligan, 2007; Papic et al., 2011).  

The above discussion and focus on school as a long-term patterning instruction may 

be overly simplistic. While exposure to pattern instruction throughout the year is likely to 

contribute to improved pattern awareness (Kidd et al., 2013; Papic & Mulligan, 2007; Papic 

et al., 2011), teaching in kindergarten may also change the way children approach relational 

thinking (Aunio, Korhonen, Bashash & Khoshbakht, 2014; Harbour, Karp & Lingo, 2016; 

Jablansky, Alexander, Dumas & Compton, 2016). For example, learning about other 

mathematical concepts such non-symbolic quantities and counting may improve 

understanding of repeating pattern units (Papic et al., 2011; Rittle-Johnson et al., 2017. 

Furthermore, learning new words or other forms of abstract relations in structured activities 

during kindergarten may enhance children’s ability to observe abstract relations in the world 



around them and to understand abstract explanations where letters (eg. ABABAB) are used to 

explain a pattern of coloured shapes (Gentner, 1988; Gentner et al., 2011; Gentner & Namy 

1999). In this way, the schooling effect would be explained less by exposure to explicit 

patterning teaching, and more by a myriad of other teaching experiences developing 

relational thinking. However, the evidence from patterning interventions in preschool and 

kindergarten casts doubt on this is speculation. Specifically, previous studies indicate that, to 

improve children’s pattern awareness, an intervention must include direct patterning 

instruction; non-patterning instructions focusing on reading, mathematics or social studies do 

not produce the same pattern advantages as patterning instructions (Hendricks et al., 2006; 

Kidd et al., 2013; Kidd et al., 2014). This suggests that the schooling effect may not be due to 

general educational factors improving abstract thinking, but instead, intentional patterning 

instruction in kindergarten is responsible. 

Numeracy and language. Kindergarten children also performed higher on the 

numeracy assessment than preschool children, a finding that can be explained by the more 

advanced mathematics-related teaching that children in kindergarten have received compared 

to preschool children (New South Wales Board of Studies, 2012). However, we found that 

schooling had no effect on language ability, after controlling for age. This indicates that, at 

least in our sample, structured education in kindergarten does not influence children’s 

vocabulary level to a greater extent than age. 

Relationship Between Patterning and Numeracy 

Contrary to expectations, we observed no significant relationship between 

participants’ numeracy abilities and patterning performance, after controlling for year group. 

However, there was a trend towards significance, suggesting that this relationship may have 

reached significance with a greater sample size. Previous studies have found a similar size 



correlation between patterning and numeracy (Burgoyne et al., 2017; Wijns et al., 2019), 

supporting the idea that the sample size in our work was insufficient to show this relationship. 

Relationship Between Patterning and Language 

 Although language ability did not predict patterning, a significant correlation was 

observed between these variables. The observation that language ability did not predict 

pattern performance is important because it indicates that participants’ level of vocabulary 

did not hinder their capacity to learn from the pattern instruction and complete the pattern 

tasks. Furthermore, previous studies have also reported a relationship between language 

ability and patterning performance, prompting their authors to posit that pattern 

understanding may be linked to the ability to identify structure and relationships between 

spoken and written language, or that pattern understanding instead plays a role in more 

general cognitive development with flow-on effects for the development of language-related 

skills (Burgoyne et al., 2017; Kidd et al., 2014; Schmerold et al., 2016). Our results do not 

allow us to comment on the directionality of the relationship between patterning and 

language knowledge; future research will be required to determine the nature of this link.   

Minor Design Criticisms 

In addition to the shortcomings of our study discussed above, some general 

limitations should also be considered. Given children’s limited working memory capacity 

(Lee et al., 2011b; Kharitonova, Winter & Sheridan, 2015), the additional complexity of 

abstracting a pattern with materials differing in both shape and colour may have made the 

tasks in our study too demanding for the study age group (Miller et al., 2016). The relational 

complexity of the task should have been reduced by using abstraction materials varying in 

only one dimension (eg. red and blue circles), thus easing executive functioning demands, 

and likely improving pattern abstraction performance (Miller et al., 2016; Schmerold et al., 



2017). However, it is unclear whether this adjustment would have enhanced differentiation 

between groups, or simply improved overall performance.  

Another potential shortcoming of our design is the use of the A-B pattern in the 

instructions and assessments. One of the frequently used incorrect patterning strategies was 

alternation, meaning participants consistently created an ABABAB pattern, regardless of the 

model pattern. This is problematic because this form of alternation response would have been 

scored correct when the model pattern was AB, but scored incorrect for AAB and ABB 

patterns. However, the within-subject nature of our design and the counter-balancing 

measures implemented pattern minimises the negative impact of this on our study. Although 

performance on the AB pattern was significantly higher than for AAB or ABB (which is likely 

explained by a combination of the simplicity of the AB pattern and the popularity of the 

alternation strategy), the AB effect was consistent across conditions. The implications for the 

use of the AB pattern depend on the context. When attempting to analyse the efficacy of 

different instructional methods or assessing children’s level of knowledge, the AB pattern is 

best avoided because of the difficulty of discerning whether the child is accurately abstracting 

the target pattern or incorrectly relying on a predetermined alternation strategy. However, in 

the education context, there is less harm in using an AB pattern to encourage and build upon 

children’s existing ideas about patterns. 

Finally, our within-subjects design did not allow us to directly compare pre-test 

performance to an overall post-test performance for the same pattern (AABB). Using the same 

pattern as a post-test item provides a clear indication of the learning gained from patterning 

instruction (Papic et al., 2011). This was not, however, possible with our design; inclusion of 

an AABB abstraction test following each condition would have led to significant practice 

effects by the third assessment block. Similarly, including a post-test AABB item at the 

conclusion of the experiment would make it difficult to determine whether the observed 



improvement was due exclusively to the final learning condition, or to overall learning as a 

result of exposure to three instructions. While not a major limitation, our design prevents us 

from comparing improvements on familiar and unfamiliar patterns (Fyfe et al., 2015; White, 

2016). 

 

 

Concluding Remarks 

The current study makes several important contributions to the developmental psychology 

literature by both consolidating previous findings and breaking new ground. Firstly, our study 

confirmed that identifying the smallest unit of a pattern requires more sophisticated pattern 

awareness than pattern abstraction (Rittle-Johnson et al., 2015). Secondly, our study 

represents the first examination of the role of causal reasoning in children’s pattern learning. 

We found that engaging in causal reasoning confers no additional benefit over abstract 

explanations, indicating that providing abstract explanations for similar patterns continues to 

be the most effective method of teaching patterning to 4- and 5-year-olds. Finally, our study 

revealed that schooling has a significant impact on children’s pattern understanding, 

highlighting the significant role of education in shaping children’s ability to think abstractly 

and appreciate patterns. Given the importance of early patterning knowledge in predicting 

school mathematics achievement, future research should continue to explore methods of 

teaching children about patterns, extending this to growing and number patterns.   
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