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This study examined  preschoolers’  (N = 66)  strategies  for solving  a range  of  visual  repeating  pattern  tasks.
An  analysis  of the  kinds  of  patterning  tasks  preschoolers  encounter,  such  as  duplicating,  extending,  and
transferring  patterns  to  superficially  different  materials,  suggested  the  tasks  could  be  solved  using  either
a one-to-one  appearance  matching  strategy  or a  relational  similarity  strategy.  In the  present  study,
preschoolers  completed  a  series  of patterning  tasks  and  their  strategies  were  examined  by  analyzing
(1)  accuracy,  (2)  errors,  and  (3)  the  relation  of  visuospatial  short-term  memory,  working  memory,  and
atterning
elational thinking
arly childhood mathematics
orking memory

nhibitory control

inhibitory  control  to  accuracy  and  errors.  The  pattern  of  results  indicated  that  preschoolers  do  use  both
kinds  of strategies,  but that the frequency  with  which  they  use  each  strategy  depends  on task  complexity.
Preschoolers  tended  to use an  appearance  matching  strategy  on  duplicate  and  extend  tasks  and  a  rela-
tional similarity  strategy  on transfer  tasks.  Implications  for  understanding  what  patterning  instruction
is  most  likely  to  support  relational  reasoning  are  discussed.

© 2015  Elsevier  Inc.  All  rights  reserved.
reschoolers’ strategies for solving visual pattern tasks

Early experience with patterns is believed to be important for
ater algebraic reasoning because it provides opportunities for
ngaging in relational thinking, such as thinking about how ele-
ents within a particular problem relate to each other (Fuchs

t al., 2012; Lee, Ng, Bull, Pe, & Ho, 2011; Mason, 1996; Mulligan &
itchelmore, 2009; Orton & Orton, 1999; Warren & Cooper, 2006;
hitin & Whitin, 2011). Indeed, some recent studies have found

hat elementary school children’s ability to solve patterning tasks
s positively related to their performance on arithmetic word prob-
ems that involve algebraic concepts, such as the concept of equality
nd variable identification (Fuchs et al., 2012; Lee et al., 2011).
urther, these links remain after controlling for a range of domain-
eneral cognitive abilities. Fuchs and colleagues found nonverbal
roblem solving, including patterning abilities, to be uniquely pre-
ictive of arithmetic word problem skills in both first grade and
hird grade, even after controlling for processing speed, working

emory, and language abilities (Fuchs et al., 2005, 2006, 2012).

Despite increasing evidence of a link between early pattern

nowledge and later mathematics performance, little is known
bout the strategies children use to solve basic patterning tasks or

∗ Corresponding author at: Department of Counseling, Developmental, & Educa-
ional Psychology, Boston College, Lynch School of Education, 140 Commonwealth
venue, Chestnut Hill, MA 02467, United States. Tel.: +1 617 552 1446.

E-mail address: laski@bc.edu (E.V. Laski).
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885-2006/© 2015 Elsevier Inc. All rights reserved.
the cognitive processes involved. A better understanding of these
two aspects could help clarify which patterning tasks are most
likely to benefit later mathematics performance and why. In the
present study, we  propose that early patterning tasks vary in the
cognitive processes and strategies they require. More specifically,
we propose that repeating patterning tasks can be solved using
either a one-to-one appearance matching or relational similarity
strategy and that only tasks that involve mental representation
and manipulation of the repeating unit are likely to elicit use of
a relational similarity strategy, which, in turn, might lead to better
relational reasoning and support later mathematics learning.

Preschoolers’ pattern knowledge

Patterns are sequences with a replicable regularity that can vary
along a number of dimensions (Papic, Mulligan, & Mitchelmore,
2011; Warren & Cooper, 2006). Patterns can vary in their structure,
such as whether they have a repeating unit (e.g., 1, 2 – 1, 2, with
a unit of “1, 2”), a repeating rule (e.g., 1, 3, 5, 7, which has the rule
of “+2”), or a growing relationship (e.g., 1, 2, 4, 7, in which each
successive difference grows by 1). They also can vary in the content
of the regularity, such as whether they consist of numbers (e.g., 1, 3,
9, 27), shapes, or colors. Finally, patterns can vary in the complexity
of the regularity, ranging from simple regularities (e.g., AB-AB; 1, 3,

5, 7) to more complex ones, such as with more complicated units
(e.g., ABCABB-ABCABB).

Repeating patterns comprised of visual content (e.g., col-
ors/shapes) are a natural entry point for learning about patterns

dx.doi.org/10.1016/j.ecresq.2015.04.004
http://www.sciencedirect.com/science/journal/08852006
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ecresq.2015.04.004&domain=pdf
mailto:laski@bc.edu
dx.doi.org/10.1016/j.ecresq.2015.04.004
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ecause they do not require any additional knowledge, such as
kip counting or arithmetic operations, involved in later numer-
cal patterns. By preschool, children are able to identify, create,
nd explain a variety of visual repeating patterns (Papic, 2007;
apic & Mulligan, 2007; Papic et al., 2011). For example, Rittle-
ohnson, McLean, McEldoon, and Fyfe (2013) found the majority
f the preschoolers they tested were able to duplicate a visual
epeating pattern, even with a complex repeating unit (AABB). This
acility with patterning extends beyond instructional interactions.
bservational studies of preschool classrooms indicate that chil-
ren spontaneously engage in pattern identification and pattern
aking using classroom materials (Fox, 2005; Ginsburg, Inoue, &

eo, 1999; Waters, 2004).
Preschoolers are not equally successful, however, on all tasks

nvolving visual repeating patterns (Papic et al., 2011; Rittle-
ohnson et al., 2013). Prior research has found that a majority of
hildren (75%) between the ages of 3 and 5 years accurately com-
lete pattern duplication tasks (i.e., reproduce a pattern using the
ame materials) and about half accurately complete pattern exten-
ion tasks (i.e., continue a pattern). On the other hand, fewer than

 third of preschool-aged children accurately complete tasks that
equire them to isolate a repeating unit (i.e., produce one instance
f the repeating unit) or transfer the pattern (i.e., create the same
attern using superficially different materials; Rittle-Johnson et al.,
013). This progression suggests that an analysis of the cognitive
emands of different patterning tasks as well as the approaches
hildren may  use on them could provide information about how
est to support preschoolers’ emerging patterning knowledge.

trategies for solving visual repeating pattern tasks

It has been posited that early patterning tasks lay a foundation
or later algebraic reasoning because they provide opportunities for
hildren to practice relational thinking and rule deduction (Charles,
005; Fuchs et al., 2012; Lee et al., 2011; Mason, 1996; Mulligan &
itchelmore, 2009; Orton & Orton, 1999; Warren & Cooper, 2006;
hitin & Whitin, 2011). Relational thinking is broadly defined as

he process of making comparisons and recognizing similarities and
ifferences to discern meaningful structure and patterns underly-

ng information (Dumas, Alexander, & Grossnickle, 2013). It has
een posited to be important for mathematics in a number of
ays, including understanding the equal sign (McNeil & Alibali,

005), arithmetic concepts such as commutativity (Farrington-
lint, Canobi, Wood, & Faulkner, 2007), and algebraic problem
olving (English & Sharry, 1996). In the early learning context
f visual repeating patterns, thinking about relational similarities
ould include considering how individual pattern components

ombine to create units (i.e., understanding that in an AB-AB pat-
ern, A and B, together, comprise the unit), how two  units within a
attern possess the same underlying structure (i.e., that an AB-AB
attern consists of instances of identical “AB” units), and how the
ame unit can be represented using superficially different materials
i.e., “circle, square – circle, square” and “blue, red – blue, red” are
oth AB-AB patterns). While the value of early patterning activities

s believed to lie in their promotion of relational thinking, however,
t remains to be tested whether the kinds of patterning tasks chil-
ren are exposed to in early childhood actually lead them to focus
n relational similarities.

An analysis of the kinds of patterning tasks preschoolers
ncounter suggests that while the tasks could be solved using
elational strategies as described above, the majority also can be
olved successfully, and perhaps more easily, using a one-to-one

ppearance matching strategy, or matching superficial features
ithout considering underlying structure. Patterning tasks vary in

he extent to which they require mental representation and manip-
lation of the repeating unit. As illustrated in Fig. 1, some patterning
search Quarterly 32 (2015) 204–214 205

tasks ask children to duplicate or extend a pattern, while others ask
children to isolate and transfer the underlying structure of a pat-
tern to new materials (Rittle-Johnson et al., 2013; Warren & Cooper,
2007). Duplication and extension tasks may  be less difficult for
preschool children because they can be completed using appear-
ance matching. For example, a child could duplicate a pattern by
matching the color or shape of each item in the pattern, one at a
time. On the other hand, unit isolation and transfer tasks may  be
more difficult because they require children to use relational simi-
larity strategies to mentally represent, abstract, and manipulate the
unit of repeat (Rittle-Johnson et al., 2013; Warren & Cooper, 2006).

Children often possess multiple strategies for solving problems
and select among them based on task demands as well as their
proficiency in executing the strategies available to them (Chen &
Siegler, 2000; Siegler, 1996). In the case of visual repeating pat-
tern tasks, we  hypothesize that preschoolers are likely to use a
one-to-one appearance matching strategy, unless the task com-
plexity requires a relational similarity strategy for accuracy. Even
as toddlers, children are able to engage in one-to-one reasoning
and superficial appearance matching (Gelman & Meck, 1983; Izard,
Streri, & Spelke, 2014; Mix, 2002; Sophian, 1988). On the other
hand, reasoning based on relational similarity, particularly when
the relations are unknown, develops later between the ages of 3
and 5 years (Gentner, 1989; Goswami, 1991, 2013; Rattermann &
Gentner, 1998; Singer-Freeman, 2005). Because children are more
capable of one-to-one appearance matching and it can yield a high
accuracy on many patterning tasks, it seems likely that this would
be preschoolers’ predominant approach to solving patterning tasks.

Research on children’s relational reasoning provides support
for the hypothesis that children may  tend to use an appearance
matching strategy on patterning tasks. When presented with the
opportunity to use either appearance matching or relational simi-
larity, even 5-year-olds are more likely to use appearance matching
(Gentner & Rattermann, 1991; Paik & Mix, 2008). Gentner and
Rattermann (1991), for example, found that in a task in which chil-
dren could search for a sticker under objects based on relational
similarity (same relative size as in the example search task) or
appearance matching (same object type as in the example task),
three- and four-year-olds consistently searched based on appear-
ance matching. Further, children over-rely on surface features even
when they are irrelevant for solving the task (Kotovsky & Gentner,
1996). For example, children have greater difficulty comparing set
sizes when two  sets are comprised of dissimilar objects or when
objects within sets are heterogeneous than when both sets are
homogenous and contain similar objects (Mix, 2008). Thus, unless
patterning tasks are carefully structured so that a relational sim-
ilarity strategy is required or more likely to lead to an accurate
response, children may  not use it. Only patterning tasks that require
children to isolate and transfer the repeating unit, such as asking
children to make the “same pattern” using superficially different
materials (another color, shape, or both), may  push children to
attempt a relational similarity strategy. Further, because children
are being forced to use a strategy with which they are less accus-
tomed, we  would expect lower accuracy on these types of tasks.

Memory and inhibition in solving patterning tasks

Given our analysis of the kinds of strategies that could be used
on early patterning tasks, we propose that memory and inhibition
are involved and that exploring the involvement of these pro-
cesses could provide insight into children’s strategy choice. Some
earlier work has implicated verbal working memory in children’s

performance on patterning tasks (Holzman, Pellegrino, & Glaser,
1983; Rittle-Johnson et al., 2013). For example, Rittle-Johnson et al.
(2013) found verbal working memory was  related to ability esti-
mates of four-year-olds’ patterning performance on a patterning
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Fig. 1. Sample items and correct

ssessment that included a range of patterning tasks. On the other
and, Lee et al. (2012) found no relation between working memory
easures and six-year-olds’ performance on visual repeating

atterning tasks that required children to determine what came
ext in the sequence. In addition to methodological differences
etween studies, such as age of participants, it is possible that the

nconsistent finding of a relation between memory and patterning
erformance is because the relation depends on the nature of the
atterning task and the predominant strategy being used to solve it.

Memory consists of multiple components (Alloway, Gathercole,
 Pickering, 2006; Baddeley, 1986; Baddeley & Hitch, 1974; Shah &
iyake, 1999). Short-term memory refers to an individual’s capac-

ty for temporary storage of information, while working memory
efers to the ability to manipulate temporarily stored informa-
ion. In this way, working memory is dependent on short-term

emory (Alloway et al., 2006; Baddeley & Hitch, 1974). Addi-
ionally, memory is further divided into domain-specific storage
reas for verbal and visuospatial input, which have been shown
o be distinguishable by four years of age (Alloway et al., 2006;
ull, Espy, & Wiebe, 2008). A common model of the organiza-
ion of these partially distinguishable but interrelated components
f memory proposes three main components: verbal short-term
emory, visuospatial short-term memory and a unitary, domain-

eneral working memory (Alloway et al., 2006). The involvement
f different components in processing has been found to vary as a
unction of task demands (Alloway & Passolunghi, 2011; Bull et al.,
008; DeStefano & LeFevre, 2004).

Consider a visually repeating pattern that involves blue and red
locks (blue, red – blue, red). If a child is asked to extend the pattern
nd uses a one-to-one appearance matching strategy then visuo-
patial memory should relate to performance. Further, because

ppearance matching does not require any mental manipulation of
timuli, individual differences in short-term memory should relate
o accurate execution of this strategy more than individual differ-
nces in working memory. On the other hand, if a child is asked to
nses for each pattern task type.

transfer the pattern into a similar pattern using different mate-
rials and does so using a relational similarity strategy, working
memory should relate to performance more than short-term mem-
ory because the child must actively transform information. Thus,
simultaneously examining the relations between children’s accu-
racy on patterning tasks and each of the memory components could
provide insight into the strategies children use to solve them.

In addition to considering the relations between different mem-
ory components and patterning accuracy, examining the relation
between inhibitory control and accuracy could also provide insight
into children’s strategies. Inhibitory control is defined as the abil-
ity to stop a predisposed or ongoing thought or behavior (Logan,
1994). Research in analogical reasoning, a type of relational rea-
soning, suggests that the ability to inhibit attention to irrelevant
information may  be critical in identifying relations among objects
(Halford, 1993; Richland & Burchinal, 2013; Waltz, Lau, Grewal,
& Holyoak, 2000). Inhibitory control may  be necessary for rela-
tional similarity strategies in early patterning activities in order to
allow the child to inhibit attention to superficial features to instead
focus on underlying structure and patterns. Thus, if patterning is
indeed requiring children to think relationally, then inhibitory con-
trol would be related to patterning performance.

The present study

The present study investigated preschoolers’ strategies on visual
repeating patterns. Preschoolers completed a range of patterning
tasks that varied in the extent to which they required mental repre-
sentation and manipulation of the repeating unit. We  hypothesized
that children’s predominant approach would be a one-to-one
appearance matching strategy, rather than a relational similarity

strategy, but that this would vary as a function of task complexity.
Specifically, we predicted children would be more likely to use a
relational similarity strategy when asked to isolate the repeating
unit or to transfer the pattern to different materials.
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Three approaches were used to infer strategy use. First, we
xamined children’s accuracy on different patterning tasks. Based
n previous literature demonstrating preschoolers are more accu-
ate on appearance matching tasks than on relational similarity
nes, we predicted that accuracy would be greater on tasks that
ould be solved using one-to-one appearance matching (e.g.,
uplication and extension) and lower on those that would be more

ikely to involve a relational similarity strategy (e.g., isolation and
ransfer).

Second, we conducted an item-level error analysis. Error anal-
sis is a common approach for identifying strategies involved in
roblem-solving (Brown & Burton, 1978; De Corte & Verschaffel,
981; Radatz, 1979; Shulman, 1970). Previous descriptions of
reschoolers’ errors on patterning tasks suggested that preschool-
rs commit some errors that would result from using an appearance
atching strategy, such as skipping a single block within a pat-

ern, and other errors that would result from incorrectly executing
 relational similarity strategy, such as creating an incorrect pat-
ern which captures part, but not all, of the core unit (e.g., making
n AB pattern when asked to transfer a ABB pattern; Rittle-Johnson
t al., 2013). Thus, we predicted that children’s errors would vary
ystematically by task demands: greater one-to-one errors on tasks
hat could be solved easily using a one-to-one appearance match-
ng strategy and greater relational errors on more complex tasks on

hich a relational similarity strategy was more likely to be used.
hile error analysis is sometimes used concurrently with retro-

pective strategy reports, we chose not to take this approach. It
eemed unlikely that preschoolers would be able to describe a rela-
ional similarity strategy and we were concerned it would create
atigue that would affect performance.

Last, the relations among children’s accuracy and errors on the
atterning tasks and their memory and inhibitory control were
xamined. We  predicted that visuospatial short-term memory, but
ot working memory, would be positively related to accuracy on
asks that can be easily solved using one-to-one appearance match-
ng. Inversely, we predicted visuospatial short-term memory would
e negatively related to one-to-one errors. The logic was  that a
ne-to-one appearance matching strategy involves visually map-
ing elements, but no mental representation or transformation of
he information. In contrast, we predicted that working memory
ould be involved in more complex tasks, such as isolation and

ransfer tasks, which require mental representation and manipu-
ation of the core unit and, thus, on which a relational similarity
trategy is more likely to be used. Specifically, we predicted work-
ng memory would be positively related to accuracy on these tasks
nd negatively related to relational errors. In addition, based on
revious research implicating inhibitory control in relational rea-
oning, we predicted inhibitory control would be positively related
o accuracy on tasks evoking relational similarity strategies and
egatively related to relational errors.

ethod

articipants

Sixty-six children (52% female) between the ages of 3 years,
1 months and 5 years, 7 months (M = 4 years, 10 months, SD = 5.2
onths) were recruited from five preschools serving children

rom a range of SES backgrounds in a major northeastern city.
etween 10 and 18 students participated from each school.
hough information on the participating children’s family’s

ocioeconomic statuses was unavailable, almost half (45%) of the
hildren attended schools serving low SES neighborhoods; at these
chools, at least 70% of all attending children qualified for free
r reduced lunch. Children were diverse in race and ethnicity:
search Quarterly 32 (2015) 204–214 207

44% White/Caucasian, 29% Hispanic/Latino, 15% Black/African
American, and 12% Asian/Southeast Asian.

Procedure

Children were tested one-on-one by one of three experi-
menters during the spring of the academic year over two sessions,
which were approximately a week apart and lasted approxi-
mately 20 min  each. In the first session, children completed two
short-term/working memory measures, and three patterning tasks
(Duplicate, Extend, Transfer). In the second session, children com-
pleted another patterning task (Isolate) and an inhibitory control
task. The tasks were administered in this order for all children.
The two  memory measures were counterbalanced across children
to control for potential order effects. All three experimenters had
extensive experience working with the preschool population and
administering empirical assessments. Thorough training sessions
were conducted prior to the start of the study. These sessions
included an instructional review of the scripts, a demonstration of
administration, and opportunities to practice and receive feedback
from the principal investigator. Weekly check-ins provided oppor-
tunities for the principal investigator and experimenters to discuss
any issues that arose.

Sessions were videotaped to allow for follow-up analyses and
for the principal investigator to ensure that proper procedures were
followed.

Measures

Memory tasks
Two  measures were used to assess verbal and visuospatial short-

term memory and working memory: the WISC-IV Digit Recall task
(Wechsler, 2003) and the Corsi Blocks task (Kessels, van Zandvoort,
Postma, Kappelle, & de Haan, 2000). The digit recall measure
was selected based on its prior connection with patterning (Lee
et al., 2012; Rittle-Johnson et al., 2013), and the Corsi Blocks task
was selected because of its similarity with the digit recall task,
enabling comparability between visuospatial and verbal memory
tasks (Lezak, 1995).

Digit recall
The WISC-IV Digit Recall task measures verbal memory

(Wechsler, 2003). The task asks the child to repeat a sequence of
orally-presented numbers in forward and backward order to mea-
sure verbal short-term memory and working memory, respectively.
Sequences increase in length from 2 digits up to 9 until the child is
no longer able to correctly repeat a sequence of a particular length
on two  consecutive trials. Test-retest reliability for children ages
6–16 is high (r = 0.83; Williams, Weiss, & Rolfhus, 2003), and both
the forward and backward digit recall tasks have been used success-
fully with preschool children in prior research (Alloway et al., 2006;
Gathercole, Brown, & Pickering, 2003). Children’s scores were cal-
culated as the total number of sequences correctly repeated, with
separate scores for the forward and backward tasks.

Corsi blocks
The Corsi Blocks task measures visuospatial memory. The task

asks the child to tap a visually-presented series of blocks, arranged
in a scattered array, in forward and backward order to measure vis-
uospatial short-term memory and working memory, respectively.
The same procedure and materials used in prior standardiza-

tion work were used (Kessels, van den Berg, Ruis, & Brands,
2008; Kessels et al., 2000; Pagulayan, Busch, Medina, Bartok, &
Krikorian, 2006). Sequence lengths increase from 2 blocks to a
maximum of 9 blocks until the child is unable to correctly tap
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 sequence of a particular length on two consecutive trials. Test-
etest reliability for older children, ages 11–16, is moderately high
r = 0.70–0.79; Orsini, 1994), and the task has been used success-
ully with preschool children in prior research (Bull et al., 2008;
rsini et al., 1987). Children’s scores were calculated as the total
umber of block sequences correctly tapped, with separate scores

or the forward and backward tasks.
Children’s performance on the Digit Recall – Forward task served

s the verbal short-term memory measure, and performance on the
orsi Block – Forward task served as the visuospatial short-term
emory measure. To create a unitary working memory composite

core (based on the findings of Alloway et al., 2006), we  standard-
zed children’s scores on the Digit Recall – Backward task and the
orsi Blocks – Backward task and calculated the mean.

nhibitory control
Inhibitory control was measured using the Head-Toes-Knees-

houlders (HTKS) task (Ponitz et al., 2008). In this task, children
lay a game akin to Simon Says, but are told to do the opposite
f what the experimenter says (e.g., touch their toes when the
xperimenter says to touch their head, and touch their shoulders
hen the experimenter says to touch their knees). Each state-
ent is a trial; children complete up to 26 trials, depending on

heir performance. Full credit (2 points) is given for any cor-
ect response, and partial credit (1 point) for any self-corrected
esponse. Items are summed for a total score (maximum = 52), with
igher scores indicating greater inhibitory control. Inter-rater reli-
bility with preschool children is high (r = 0.95–0.98; Ponitz et al.,
008), and prior work has shown the measure to be correlated
ith other measures of attention and behavioral regulation. Specif-

cally, performance on the HTKS during the fall of kindergarten was
orrelated with teacher-reported classroom self-regulation dur-
ng both the fall (r = 0.34, p < 0.01; Matthews, Ponitz, & Morrison,
009) and spring (r = 0.29, p < 0.01; Ponitz, McClelland, Matthews,

 Morrison, 2009), and was also correlated with parental reports of
ttention and inhibitory control (r = 0.25, p < 0.01; r = 0.20, p < 0.01,
espectively; Ponitz et al., 2009). Though modest, correlations of
his magnitude are consistent with prior research comparing care-
iver reports with direct assessments of behavior (Eisenberg, Smith,
adovsky, & Spinrad, 2004; Howse, Calkins, Anastopoulos, Keane,

 Shelton, 2003; Smith-Donald, Raver, Hayes, & Richardson, 2007).

atterning
A modified version of Rittle-Johnson et al.’s (2013) pattern

ssessment was used. Children completed 12 trials that included
our different tasks (3 trials each) administered in the following
rder, as per previous research: Duplicate, Extend, Transfer, and
nit Isolation. Fig. 1 provides an example of each task. For each

ask, there was one ABB pattern, one AAB pattern, and one AABB
attern, presented in different orders for each task type. According
o procedure in prior research, children were not given practice tri-
ls on Duplicate, Extend, and Transfer items. However, pilot data
uggested that children needed extra scaffolding on the unit iso-
ation task in order to understand what was being asked of them;
hus, children were given up to three opportunities to practice and
eceive feedback on the unit isolation items before being scored on
he task. The experimenter recorded the child’s exact answer for
ach item.

rror coding

After all data were collected, one research assistant reviewed

ideo recordings of the sessions as well as written records of
hildren’s answers (i.e., written explanations of the responses gen-
rated, such as “circle-circle-square-square-circle-square-square,”
hich were recorded at the time of testing) in order to code
search Quarterly 32 (2015) 204–214

incorrect responses as one of three kinds of errors: one-to-
one, relational, or off-task. One-to-one errors included errors that
demonstrated attention to individual items in the pattern but dis-
regarded their role as part of a repeating unit. This category of
errors included switching the order of two  blocks in a unit (par-
tial correct); beginning correctly but stopping too soon and failing
to reproduce the entire correct answer (incomplete correct); or
treating the entire sequence as the unit and reproducing the entire
pattern when asked to produce the unit (duplicate; note: dupli-
cate errors could only occur on Extend and Unit Isolation tasks).
Relational errors included errors that demonstrated attention to
repeating units, with individual elements ordered as a pattern but
containing an incorrect repeating unit. This category included all
instances when children created an incorrect, but viable, pattern
(e.g., presented with an AABB-AABB pattern the child produced an
AB-AB pattern or some other pattern, such as ABB-ABB). Off-task
errors included errors in which responses were unrelated to the task
and showed no awareness of patterns. The most common errors in
this category were sorting the blocks/cubes by shape/color, placing
the blocks/cubes in random orders, or using the blocks or cubes
for other purposes (e.g., building shapes with the blocks). Each
incorrect trial received exactly one error code reflecting the most
relevant error type.

To assess reliability, the principal investigator double-coded tri-
als for 10% of sessions. Inter-rater reliability between the primary
coder and the principal investigator, calculated as the percent-
age of trials which received the same code from both coders, was
extremely high (98% agreement, Cohen’s k = 0.93).

Results

Preliminary analyses indicated no experimenter effects: a
MANOVA with experimenter as the fixed effect and our 12 meas-
ures (cognitive tasks, patterning task accuracies, and error types)
as the dependent variables found no overall effect of experimenter
(omnibus F = 1.39, p = 0.13). Further, analyses indicated no overall
effects of gender, race/ethnicity, neighborhood SES, or school on
the measures, omnibus Fs ranging from 1.09 to 1.37, ps ranging
from 0.08 to 0.39. Thus, these variables were not considered in sub-
sequent analyses. Age was  moderately correlated with patterning
performance, r(64) = 0.44, p < 0.001; thus, age was used as a covari-
ate in the main analyses.

Despite the nested nature of the data (children within class-
rooms), we  did not use multilevel modeling in the analyses for
practical and empirical reasons. Practically, the sixty-six children
were recruited from nine classrooms across five preschools. Thus,
each school had just 10–18 participating children, with one class-
room having as few as three participating children. Thus, cell sizes
were inadequate for multilevel modeling (Bickel, 2007; Heck &
Thomas, 2000; Hox, 2002). Empirically, a MANOVA testing the
effect of school on the outcome measures (cognitive tasks, pat-
terning task accuracy, and error types) found no overall effect of
school (omnibus F = 1.37, p = 0.08). This finding indicated that a mis-
estimation of effects based on nesting was unlikely.

Accuracy on patterning tasks

Overall, children were correct on 67% of trials, with a mean total
score of 8.1 correct trials (SD = 2.91) out of a possible score of 12.
A repeated-measures ANCOVA with number of correct trials per
task as the within-subject factor and controlling for age found that,

as expected, accuracy varied as a function of task, F(3, 62) = 12.89,
p < 0.001, d = 0.90. Children were most accurate on Duplicate tasks
(M = 2.67 trials correct out of 3, SD = 0.71), and less accurate on
Extend tasks (M = 1.92 trials correct, SD = 1.15), Unit Isolation tasks
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ormed near ceiling on Duplicate tasks (89% correct), these items were not included
n error analyses by task type.

M = 1.77 trials correct, SD = 1.27) and Transfer tasks (M = 1.74 tri-
ls correct, SD = 1.22). Post hoc analyses showed that children were
ignificantly more accurate on Duplicate tasks than on any of the
ther three tasks (p’s < 0.001). They were equally accurate across
xtend, Transfer, and Unit Isolation tasks.

rror analysis

First, we examined the frequency of three types of errors: one-
o-one, relational, and off-task. Five children did not make any
rrors and were thus excluded from these analyses. The remaining
1 children made errors on 35% of trials. One-to-one errors were
ost common, accounting for 49% of errors; relational errors were

econd most common, accounting for 31% of errors; and off-task
rrors were least common, accounting for 20% of errors. Within the
ne-to-one error category, the most common specific error type
bserved was duplicating errors (inappropriately duplicating the
ntire pattern when asked to show only one unit), which accounted
or 44% of one-to-one errors. Overall patterning scores were neg-
tively correlated to the percentage of errors that were off-task,
(59) = -0.28, p = 0.027, suggesting that very low levels of accuracy
ere due to failure to execute any strategy rather than inaccurate

xecution of a one-to-one or relational similarity strategy.
Next, we examined whether the frequency of the types of errors

aried as a function of task. Duplicate tasks were not included in
hese analyses dividing errors into types because children made
ew errors overall (89% correct); this decision led one additional
hild, who did not make any errors on the remaining three task
ypes, to be excluded. As illustrated in Fig. 2, the kinds of errors
hildren made did, as expected, differ by task. A series of repeated-
easures ANCOVAs, controlling for age and using pattern task

s the within-subjects variable and the percentage of one-to-one
rrors, relational errors, and off-task errors as the dependent vari-
bles found an effect of task for all three error categories: relational
rrors, F(2, 57) = 7.68, p = 0.002, d = 0.75; one-to-one errors, F(2,
7) = 10.31, p < 0.001, d = 0.85; and off-task errors, F(2, 57) = 3.85,

 = 0.02, d = 0.49. Post hoc analyses confirmed that children made
ignificantly (all p’s < 0.05) more relational errors on Transfer tasks
M = 0.67, SD = 0.13) than on Extend (M = 0.28, SD = 0.08) or Unit
solation (M = 0.17, SD = 0.07) tasks. Conversely, they made sig-
ificantly fewer one-to-one errors on Transfer tasks (M = 0.27,
D = 0.07) than on Extend (M = 0.70, SD = 0.12) or Unit Isolation

M = 1.05, SD = 0.15) tasks. There were no significant post hoc com-
arisons for off-task errors, though children made more off-task
rrors on Transfer tasks (M = 0.45, SD = 0.12) than they did on Extend
asks (M = 0.18, SD = 0.08) at trend-level (p = 0.06), suggesting that
ith a larger sample size this difference may  have been significant.
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Memory and inhibitory control

Absolute performance
On the Digit Span – Forward task (verbal short-term memory),

children’s average raw score was 5.74 (SD = 1.64), with a range from
0 to 10. As expected, they averaged fewer correct digits in the Digit
Span – Backward condition (verbal working memory), with a mean
raw score of 2.33 (SD = 2.02) and a range of 0 to 6. On the Corsi Block
– Forward task (visuospatial short-term memory), children’s aver-
age raw score was  3.59 (SD = 1.52), with a range from 0 to 7. They
performed similarly on the Corsi Blocks – Backward task (visuo-
spatial working memory), but with greater variability, with a mean
raw source of 3.10 (SD = 2.34, range from 0 to 8). As described in
the methods section, the two working memory scores, correlated
at r(64) = 0.40, p < 0.001, were standardized and averaged in order
to create a working memory composite. Inhibitory control scores
ranged from 0, the lowest possible score, to 52, the highest possible
score, with a mean of 37.21 (SD = 12.11).

Relations with patterning accuracy
Table 1 presents the correlation matrix for all patterning and

cognitive measures. The only cognitive measure not correlated with
patterning accuracy was verbal short-term memory, which was at
trend-level, r(64) = 0.21, p = 0.09. The pattern of correlations indi-
cated stronger correlations between the measures of visuospatial
memory and patterning accuracy than between the measures of
verbal memory and accuracy. Using the Meng, Rosenthal, and Rubin
(1992) method of comparing dependent correlations, we found
that visuospatial short-term memory was more strongly corre-
lated with patterning accuracy than was  verbal short-term memory
(z = 2.28, one-tailed p = 0.01).

To determine if individual differences in memory and inhibitory
control also predicted individual differences in accuracy, we con-
ducted a series of ordinary least squares (OLS) regressions. As
shown in Table 2, together with age, verbal short-term memory,
visuospatial short-term memory, working memory, and inhibitory
control accounted for nearly half (49%) of the variance in overall
accuracy on the patterning assessment, F = 11.39, p < 0.001, d = 1.96.
Visuospatial short-term memory was  the strongest predictor of
accuracy,  ̌ = 0.26, p < 0.001, and working memory was signifi-
cantly related as well,  ̌ = 0.22, p = 0.03. Inhibitory control,  ̌ = 0.19,
p = 0.07, predicted patterning accuracy at trend level. Verbal short-
term memory, in contrast, did not account for any unique variance
in accuracy.

We  also conducted a series of hierarchical regressions to deter-
mine the amount of unique variance accounted for by each of the
cognitive processes. When entered last into the hierarchical regres-
sion, visuospatial short-term memory accounted for the greatest
variance above the other processes. The R2 change when visuo-
spatial short-term memory was entered last was  11%, while the
R2 changes when working memory, inhibitory control, and ver-
bal short-term memory were entered last were 4%, 3%, and 0.3%
respectively.

To better understand which processes might be involved in
different kinds of patterning tasks, we conducted separate OLS
regression models for each patterning task, with the four cognitive
processes as the predictors and accuracies on the four task types
as the outcomes. As shown in Table 2, together with age, verbal
short-term memory, visuospatial short-term memory, working
memory, and inhibitory control predicted accuracy on all four
task types. Only visuospatial short-term memory accounted for

variance in Extend and Unit Isolation tasks, although working
memory was  related to accuracy on Unit Isolation tasks at trend
level (  ̌ = 0.23, p = 0.06); whereas, on the Transfer task, working
memory accounted for unique variance,  ̌ = 0.27, p = 0.03, while
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Table 1
Correlations between measures.

A B C D E F G H I

A. Patterning: overall 1.00
B.  Duplicate 0.55*** 1.00
C. Extend 0.69*** 0.25* 1.00
D. Transfer 0.66*** 0.24t 0.22t 1.00
E.  Unit isolation 0.69*** 0.15 0.31* 0.25* 1.00
F.  Verbal short-term 0.21t -0.09 0.19 0.11 0.26* 1.00
G.  VS short-term 0.55*** 0.32** 0.35** 0.39*** 0.38** 0.09 1.00
H.  Working memory 0.43*** 0.18 0.14 0.39*** 0.38** 0.22t 0.33** 1.00
I.  Inhibitory control 0.30*** 0.09 0.21t 0.22t 0.26* 0.41*** 0.12 0.17 1.00

VS, visuospatial.
t p < 0.10.
* p < 0.05.
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** p < 0.01.
*** p < 0.001.
df = 64).

isuospatial short-term memory was related only at trend level
 ̌ = 0.23, p = 0.07).

elations with patterning errors
Last, we examined relations between memory and inhibitory

ontrol and children’s errors using Pearson’s bivariate correlations.
he pattern of correlations indicated distinct processes related to
ach kind of error. The number of one-to-one errors was neg-
tively related to visuospatial short-term memory, r(59) = −0.29,

 = 0.03, and verbal short-term memory at trend level, r(59) = −0.25,
 = 0.052. The number of relational errors children made was
elated to their visuospatial short-term memory, r(59) = −0.28,

 = 0.030 and inhibitory control, r(59) = −0.36, p = 0.004, with
orking memory showing a negative correlation at trend level,

(59) = −0.24, p = 0.06. The number of off-task errors was related
o visuospatial short-term memory, r(59) = −0.26, p = 0.046, and
orking memory, r(59) = −0.34, p = 0.007. When considering all

ognitive processes simultaneously in multivariate regressions and
ontrolling for age, however, the only significant relation remaining
as between inhibitory control and the number of relational errors

hildren made,  ̌ = −0.41, p = 0.003.

iscussion

Motivated by the argument that early patterning activities sup-
ort later mathematics performance through their promotion of
elational reasoning (Fuchs et al., 2012; Lee et al., 2011; Mason,

996; Mulligan & Mitchelmore, 2009; Orton & Orton, 1999; Warren

 Cooper, 2006; Whitin & Whitin, 2011), this study aimed to bet-
er understand the strategies young children use to solve various
atterning tasks. The results were consistent with the hypothesis

able 2
tandardized OLS regression coefficients for cognitive processes predicting patterning pe

Overall Patterning task ty

Total score Duplicate 

Age 0.28** 0.33**

Verbal STM 0.06 −0.15 

Visuospatial STM 0.36*** 0.20 

Working Memory 0.22* 0.08 

Inhibitory Control 0.19t 0.10 

R2 0.49 0.23 

F  11.33*** 3.64**

ote: STM, short-term memory.
t p < 0.10.
* p < 0.05.

** p < 0.01.
*** p < 0.001.
that preschoolers’ predominant approach for solving visual repeat-
ing patterning tasks is a one-to-one appearance matching strategy,
but that they are more likely to use a relational similarity strategy
on complex patterning tasks that require the mental representa-
tion and manipulation of the repeating unit. In this concluding
section, we  discuss implications of these findings for understand-
ing what patterning instruction is most likely to support relational
reasoning.

Patterning strategies

A task analysis of the kinds of visual repeating patterning
tasks often used in early childhood programs suggested preschool-
ers may  solve them using two  different strategies: a one-to-one
appearance matching strategy and a relational similarity strat-
egy. The results suggested that preschoolers do indeed use both
types of strategies. Preschoolers in the present study committed
some errors on the patterning assessment that would result from
using an appearance matching strategy and others that would
result from incorrectly executing a relational similarity strategy.
Similarly, the cognitive processes that were related to patterning
performance suggested use of both strategies: both visuospatial
short-term memory and working memory were related to overall
accuracy, indicative of an appearance matching strategy and a rela-
tional similarity strategy, respectively. It is noteworthy that verbal
short-term memory was  not related to patterning accuracy, sug-
gesting that children were visually processing information, rather

than verbally recoding it (e.g., orally or mentally articulating the
words blue, red – blue, red).

An analysis of performance on the different patterning tasks
suggested that the strategy preschoolers used varied depending

rformance scores, overall and by task type.

pes

Extend Unit isolation Transfer

0.14 0.10 0.20t

0.13 0.14 −0.02
0.28* 0.24* 0.23t

−0.02 0.23t 0.27*

0.12 0.13 0.14

0.18 0.27 0.29
2.56* 4.44** 4.78***
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n the task. The pattern of results indicated that children tended
o use a one-to-one appearance matching strategy when asked to
uplicate and extend visual repeating patterns. Children were most
ccurate on these tasks; when they did make errors, however, their
rrors were those likely to be related to a one-to-one approach
e.g., leaving out or doubling a single block). Further, visuospa-
ial short-term memory was related to accuracy on these tasks but
erbal short-term memory, working memory, and inhibitory con-
rol were not related, suggesting that minimal mental processing
as involved other than simply storing visual information. In con-

rast, the pattern of results indicated that children used a relational
imilarity strategy more often on the transfer task. On this task, chil-
ren were less accurate, which is consistent with previous findings
howing preschoolers’ difficulty in accurately using relational simi-
arity reasoning (Gentner & Rattermann, 1991; Kotovsky & Gentner,
996), and were also most likely to make relational errors. In addi-
ion, accuracy on the transfer task, but not the other tasks, was
redicted by working memory, suggesting that on this task chil-
ren engaged mental processing beyond superficial appearance
atching.
When children seemed to use a relational similarity strategy,

reschoolers with better inhibitory control were more likely to exe-
ute it accurately than those with poorer inhibitory control: greater
nhibitory control was related to fewer relational errors. This find-
ng is consistent with prior research linking inhibitory control to
nalogical reasoning (Richland & Burchinal, 2013). As with other
asks that involve relational reasoning, it is likely that on patterning
asks children must inhibit the tendency to focus on salient charac-
eristics in order to focus on underlying structure. More specifically
n the case of visual repeating patterns, it is possible that inhibitory
ontrol helps children execute a relational similarity strategy in
wo ways. One possibility is that inhibitory control helps children
vercome the tendency to produce familiar patterns (e.g., AB-AB) in
avor of a more complex pattern (e.g., ABB-ABB) on transfer tasks
here they are asked to generate the same pattern using differ-

nt materials. A second possibility is that it helps children ignore
 smaller salient repeating unit in order to identify a larger more
omplex one in which it is embedded (e.g., the recurrence of AB
ithin a more complex ABB pattern). Future studies that explore

he question of how inhibitory control contributes to better exe-
ution of a relational similarity strategy in patterning tasks could
rovide insight into ways to direct children’s attention to support
heir use of this strategy.

Another question raised by the results is why children appear
o use the one-to-one appearance matching strategy on some
asks and a relational similarity strategy on others. Similar strat-
gy variability has been found on other mathematics tasks, such
s arithmetic. Studies of children’s addition strategies indicate,
or example, that the same child will sometimes retrieve an
nswer from memory for some problems and use a counting strat-
gy on others (Siegler, 1987). Problem difficulty and individuals’
roficiency in relevant capabilities (e.g., counting skill, working
emory) have been found to influence children’s strategy choice in

rithmetic (Geary, Hoard, Byrd-Craven, & DeSoto, 2004; Kerkman
 Siegler, 1993; Shrager & Siegler, 1998; Siegler, 1996).

The present pattern of results suggest that children’s choice of
hich patterning strategy to use is also influenced by problem dif-
culty and individuals’ proficiency in relevant capabilities. Overall,
he preschoolers in this study seemed to use an appearance match-
ng strategy more frequently than a relational similarity one. This
esult makes sense given that an appearance matching strategy was
s likely as a relational reasoning strategy to lead to an accurate

esponse on half of the tasks, and that preschoolers are generally
ore capable at appearance matching than relational reasoning

Gentner & Rattermann, 1991). This finding suggesting that appear-
nce matching was children’s predominant strategy is consistent
search Quarterly 32 (2015) 204–214 211

with other research examining preschoolers’ understanding of
patterns. For example, Rittle-Johnson et al. (2013) found that
preschoolers are more likely to refer to visual appearance similarity
(“It goes yellow-yellow-blue,” often while pointing to each individ-
ual pattern element) than to make relational comments (“Yellow
is really like blue.”) when they are asked to explain how two pat-
terns are related. In addition, the current results suggesting more
frequent use of a relational reasoning strategy on the transfer task
than on the duplicate and extend tasks could be attributable to the
complexity of the task. On this task, a relational similarity strategy,
while more difficult for preschoolers, would be more likely than an
appearance matching one to generate an accurate response. Thus,
the pattern of children’s strategy use on the different tasks may
reflect adaptive strategy choice in which children try to maximize
accuracy while considering efficiency (Shrager & Siegler, 1998).

It is especially striking that children seemed to have adap-
tively selected a relational similarity strategy on the transfer task
given the order in which the tasks were administered. All chil-
dren completed the patterning tasks in the same order: Duplicate
tasks, Extend tasks, Transfer tasks, and finally Unit Isolation tasks.
This order was used because it was  consistent with prior use of
the assessment (Rittle-Johnson et al., 2013) and with the order in
which patterning is typically introduced in early childhood pro-
grams (Frye et al., 2013; NCTM, 2000). Because the less complex
tasks, which could easily and accurately be solved with an appear-
ance matching strategy, were administered first, an appearance
matching strategy could have become the fixed response set. Yet,
despite this potential cognitive obstacle, it seems that the added
demands of the transfer task and the need for a relational similar-
ity strategy to achieve accuracy on it were great enough to prompt
a strategy change.

Implications for instruction

Although limited by potential order effects and a lack of direct
strategy reports, the present study provides insight into how young
children approach patterning activities, which are prevalent in
early childhood mathematics curricula. Practice guidelines for early
childhood mathematics programs emphasize the importance of
instruction about patterns (Frye et al., 2013; NCTM, 2000). Learn-
ing about patterns is thought to help lay a foundation for future
mathematics instruction (Charles, 2005; Kidd et al., 2013; Sarama
& Clements, 2009). Indeed, some evidence indicates that children’s
ability to solve patterning tasks is positively related to their per-
formance on numerical tasks (Fuchs et al., 2012; Lee et al., 2011).
For example, Kidd et al. (2013) found that struggling first-graders
who received pattern instruction performed better on an assess-
ment of mathematics concepts at the end of the school year than
students in a variety of control groups. An important question rel-
evant to planning pattern instruction that the present results can
help address is: which kind of pattern instruction is most likely to
have the desired benefits?

The cognitive alignment framework for instructional design
proposed and tested by Laski and Siegler (2014) suggests that to
address this question it is necessary to consider which kinds of
patterning experiences are most likely to elicit the kind of think-
ing that would support later mathematics learning. According to
this theoretical framework, instruction is most effective when (1)
the desired mental representation is identified, (2) instructional
materials instantiate the key features of the representation, and (3)
learning activities promote attention to the key features. If, as it has

been posited, pattern instruction benefits later mathematics learn-
ing because it promotes understanding of relational reasoning, then
instructional tasks that elicit a relational similarity strategy would
lead to the greatest benefits.
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The present results suggest that not all patterning tasks are com-
arable in terms of their alignment to relational reasoning. As we
redicted, tasks asking children to duplicate and extend patterns
eemed to elicit an appearance matching strategy. Thus, instruction
ocusing on these kinds of tasks might not have the desired benefits
o later mathematics learning. In fact, they may  even lead children
o develop a misconception about patterns – that patterns are sim-
ly a collection of individual elements rather than a repeating unit
r rule. If this is the case, then the order of the tasks used in the
resent study may  have undermined children’s use of a relational
imilarity strategy and our results may  be a conservative measure
f children’s relational reasoning in patterning tasks. More impor-
antly, if this is the case, then it is also possible that the typical
rder of instruction also undermines children’s use of relational
easoning on patterning tasks because duplicate and extend pat-
erning activities are precisely the kinds of patterning tasks used

ost frequently in early childhood programs (Fox, 2006).
Theoretically, tasks that require children to identify the core unit

eem more closely aligned to the desired goal – understanding the
elation between elements in a pattern and the underlying rule. Yet,
ur results suggest that preschoolers used an appearance matching
trategy on the unit isolation task: visuospatial short-term mem-
ry was related to greater accuracy and the most common error on
he task was exact duplication of the example pattern. The pattern
f findings suggested that children did not do any mental analysis
f the intrinsic structure of the pattern and the relations among
lements to identify the unit, but rather simply relied on visual
egmentation of the pattern. It is possible that they did not under-
tand the task or that it was so cognitively demanding for them
hat they fell back on an appearance matching strategy. A poten-
ial implication is that these tasks may  not be the best instructional
ever for preschoolers. Another is that instruction using these kinds
f tasks in preschool classrooms may  not promote relational rea-
oning without explicit didactic statements that direct children’s
ttention and support their reasoning.

On the other hand, as predicted, transfer tasks demonstrated
he greatest alignment between the task demands and the desired
elational reasoning; they seemed to elicit the greatest use of a rela-
ional similarity strategy. The implication is that greater use of these
inds of tasks in early childhood mathematics instruction would be
ost likely to have the desired benefits of including patterning in

he curricula. These types of activities may  push children past basic
rocedural knowledge of patterns as a visual matching task, toward

 more conceptual understanding of patterns as relational systems
Rittle-Johnson, Siegler, & Alibali, 2001). Of course, this prediction
emains to be tested empirically. Future studies should test what
ind of pattern instruction leads to the greatest benefits to rela-
ional and numerical reasoning, using both pretest–posttest and
ongitudinal designs. Such research would lead to a better under-
tanding of the relations among patterning, children’s relational
easoning, and later mathematics learning as well as the ideal ways
o order and structure patterning instruction to maximize its ben-
fits.

onclusion

Early patterning activities are included in early education
lassrooms with the intention of supporting the development of
elational reasoning. The present study found that the extent to
hich children actually employ relational strategies when com-
leting patterning activities depends on the demands of the task;

ore specifically, results suggest that only activities requiring

hildren to mentally represent and transform the repeating unit
ay promote relational reasoning. These results lay the founda-

ion for future research exploring cognitive processes underlying
search Quarterly 32 (2015) 204–214

patterning and the longitudinal links between different types of
patterning experiences and future mathematics achievement.
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