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Abstract

When children first learn to count, what do they understand about the structure of the count system? The present study investigated
English-speaking children’s ability to generalize the rules that structure their count list to novel contexts. A total of N = 86 children
(3;0 — 6;11) completed a battery of tasks aimed at measuring their understanding of the English count list: they counted as high as
they could, and were asked to generate successors to English numbers (e.g., “Fifty-seven: what comes next?”). Next, they were
introduced to novel decade terms, and were asked to generate successors to numbers containing those terms (e.g., “Blicky-seven:
what comes next?”). Children’s ability to generate successors was predicted by their counting ability, and a sizeable subset of children
were able to generate successors both for novel numbers and for English numbers outside their productive count range. These data
suggest that emerging counters can use their understanding of the structure of the English count list to generate successors to

unfamiliar numbers.
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Highlights

+ 3- to 6-year-old children were tested on their counting ability and their ability to generate successors.

« Children were tested on their ability to generate successors to both familiar English number words and to novel number
words.

« Children’s ability to generate successors was related to their counting ability.

+ Children were generally able to generate successors, even to unfamiliar and novel number terms.

« These data suggest that children may understand the structure of their count list prior to mastering the count routine.

Although children often begin to count at around age 2, they don't initially understand what number words mean, or
how they are related to one another. For example, young children often begin by reciting numbers up to 5 or 10 as
part of a routine, much like singing the ABCs (Fuson, 1991), although early count routines can be unstable and contain
consistent inaccuracies (see Baroody & Price, 1983 for review). Crucially, these children lack an understanding of what
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number words mean or how they represent exact cardinalities (see Baroody & Price, 1983; Wynn, 1992). However,
children ultimately learn not only the meanings of the number words in their list, but also the rules that govern the
construction of the count list, including the decade+unit rule, whereby the words “one” through “nine” can be composed
with decade labels like “twenty” and “thirty” to create larger numbers (e.g., Chu et al., 2020; Fuson, 1988). Understanding
how to compose numbers using rules allows children to count to large numbers and to reason about numbers that
they have never before encountered — such an understanding of the pattern and structure of the number system is
a potentially powerful aspect of early numerical competence (Mulligan & Mitchelmore, 2009; Mulligan, Oslington, &
English, 2020). In the present study, we investigated emerging counters’ understanding of how the rules of counting
generalize to all numbers, including numbers that are entirely novel to them.

Substantial work has demonstrated that learning the rule structures of the number system is a critical step in
early numerical competence (Moss, Bruce, & Bobis, 2015), and that children use these structures to organize their
understanding of the mathematical world (Mulligan & Mitchelmore, 2009). Studies of children’s counting behaviors -
which we review below — provide two specific sources of evidence that children begin to learn these rules during
the preschool and early elementary school years. One source of evidence comes from children’s early counting errors.
Children who have memorized their count routine should make errors that are randomly distributed across the count
list, with errors becoming more likely for larger numbers and less likely for small ones. In contrast, children who use
rules to combine decade labels like “twenty” and “thirty” with the units “one” through “nine” should make errors mostly
at decade transitions, since in many languages (including English), decade labels like fifty are not transparently related
to their component parts such as “five” or “ten” and therefore must be memorized. Compatible with the use of rules,
English-speaking preschoolers are especially likely to make counting errors in the irregular teens (Baroody & Price,
1983; Fuson, 1988; Johnson et al., 2019; McMillan et al., 2024) and at decade transitions, often stopping at 29, 39, or
49, rather than stopping mid-decade at 24, 35, or 47 (Chu et al., 2020; Fuson, 1991; Gould, 2017; Siegler & Robinson,
1982; Wright, 1994). Further, children who stop at decade transitions can often continue counting if they are given the
decade label (e.g., “actually, the number that comes after 39 is 40...can you keep counting?”; Chu et al., 2020). And, one
longitudinal study of early counting showed that preschoolers had substantial knowledge of number words outside their
count range — for example, one child, Daniela, could only count to 13 before making an error, but was able to recover
and generate the numbers 16-25, showing knowledge of the structure of the count list beyond her range of comfortable
production (McMillan et al., 2024). Taken together, these data are compatible with the hypothesis that these children
have access to a rule for adding the units 1-9 to decades. Notably, these abilities are less often observed in children
learning languages like Hindi and Gujarati, where it is difficult to notice the rules that govern counting because the
counting systems are much less transparent and contain many exceptions to rules (Schneider et al., 2020). Meanwhile,
children learning languages that are more transparent than English, like Cantonese, often count higher at earlier ages
(Miller & Stigler, 1987; Miller et al., 2000; Miller et al., 1995).

A second source of evidence that children develop rule-governed knowledge of counting in the first years of life
comes from their intuitions about infinity (Gelman, 1980). According to some accounts, children might come to believe
that numbers are infinite by learning that numbers can be generated by rules, and that these rules can be applied
iteratively, over and over, without end. Compatible with this, between the ages of 4 and 6, many children begin to claim
that it’s possible to add 1 to any number, and that numbers never end (Cheung et al., 2017; Hartnett & Gelman, 1998).
Further, children’s beliefs about infinity have been shown to be related to how high they can count (Cheung et al., 2017),
whether they can continue counting up from decade transition errors (Chu et al., 2020), and how successful they are at
generating the next number in the count list when given a prompt (e.g., “57....what comes next?”; Sullivan et al., 2023).
Together, these studies suggest the emergence of a suite of beliefs compatible with a rule-governed understanding of
numbers.

Data from studies of counting errors and infinity beliefs are also compatible with the idea that children use rules
to govern counting prior to formal schooling (see also Schneider et al., 2021). However, two considerations limit the
strength of these conclusions. First, because previous studies of children’s counting abilities are generally limited to
testing relatively familiar numbers, children’s behaviors are often compatible with both rules and rote memorization.
For example, the finding that Cantonese-speaking children count higher than English-speaking children (Miller &
Stigler, 1987; Miller et al., 2000; Miller et al., 1995) could simply reflect the possibility that Chinese children receive more,
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or different, numerical training than some of their English-speaking counterparts (e.g., Miller et al., 2005). And, although
the clustering of counting errors at decade transitions is compatible with the use of rules, knowledge of rules can only
be inferred from these errors, because counting errors do not provide direct evidence that children can apply a rule to
novel examples that fall outside their training set. Similarly, although children’s beliefs about the infinity of numbers are
often correlated with their counting ability (Cheung et al., 2017; Chu et al., 2020), such correlations could emerge even in
the absence of the use of rules to support counting - for example, some children may simply have higher exposure both
to counting and to ideas about infinity.

While previous studies are consistent with the idea that early counters have a rule-governed understanding of the
count list, one strong piece of evidence for this would come from children’s ability to apply the rules that structure
their native language’s count list to entirely unfamiliar contexts. The goal of the present study was therefore to test
whether children could generate successors to novel numbers, and — if so — how their ability to do so relates to their
understanding of counting in their native language. Specifically, we asked children to count as high as they could,
and recorded their highest count prior to making an error, and their highest count when given counting feedback.
This allowed us to measure their familiarity with and mastery of the English count list and their ability to recover
after making counting errors. As with previous work (Cheung et al,, 2017; Chu et al., 2020; Schneider et al., 2020), we
reasoned these metrics would allow us to quantify not only children’s familiarity with the English count list, but their
ability to combine decades and units. Next, we measured children’s ability to generate successors outside the context of
the count routine. We presented children with familiar number words like 7 and 24 and asked them “What comes next?”.
Critically, our final measure was the Novel Next Number task, in which we introduced children to two novel decade
terms (mobi, blicky), and then asked them to generate successors to numbers containing those decade terms (e.g., “what
comes after blicky-seven?”, “what comes after two hundred mobi six?”). We reasoned that if children’s ability to count in
English is driven by knowledge of rules, then children’s use of rule-governed counting in English should be related to
their ability to generate successors for novel number words like blicky and mobi.

In the present study, we asked four main questions: (1) Can young children generate successors for novel numbers
that contain novel decade terms? (2) Do they do so as successfully as they do for English? (3) what are the predictors of
their ability to generate successors to English and Novel numbers? and (4) Are their errors when generating successors
consistent with the use of particular decade-unit rules for generating successors?

Method

Participants

We tested 101 participants with a pre-registered goal of 80 post-exclusion. Five children were tested but failed to meet
our inclusion criteria of being native English speakers and within the age range of 3;00-6;11 years. Ten additional
participants were excluded due to experimenter error (n = 4), for not having highest count data (n = 1) and for not
completing enough novel number tasks (n = 5). Our final dataset included 86 participants (M, = 56.9 months; Figure 1).
Participants were tested at their preschools across Upstate New York region in 2019.

Materials and Procedure

Children completed three tasks: the Highest Count task, the English Next Number task, and the Novel Next Number
task. Tasks were presented in the same order for all children. Study materials can be found on OSF (see Sullivan et al.,
2024S). Prior to data collection, all methods and analyses were planned and written in the format of a preregistration;
however, due to a miscommunication, this pre-registration was not formally submitted. A 2019 timestamped record of
our preregistration is available on OSF (see Sullivan et al., 2024S). Unless specifically noted otherwise, all methods and
analyses followed our original plan.
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Highest Count Task

Each child was asked to count as high as they could. The highest number counted to before making an error was the
child’s Initial Highest Count (IHC). If the child made an error, the experimenter provided a prompt (e.g., “actually X
comes after N, can you keep counting?”), and the child was permitted to continue. As in previous work (e.g., Schneider
et al., 2020), the task ended when: (a) the child successfully reached 140 without prompts; (b) the child reached 140 with
prompts; or (c) the child made two consecutive errors prior to reaching 140 (i.e., they could not fully recover from the
prompts). Other possible ways of ending the task were planned, but never occurred in the dataset and are not discussed
further.

English Next Number Task

In the English Next Number Task, the researcher prompted the child with a number and asked them to give the number
that came immediately after the prompt: “In this game, I will say a number, and you tell me what comes next” This task
was used to capture the child’s ability to generate successors for their native count list. While rare, if the child gave
a response that was n-1 instead of n+1 - indicating that they thought it was the ‘what came last’ game — they were
reminded “the game is to find the number that comes after n, can you tell me what comes after n?”. There was one
training trial (“One. What comes next?”) and there were 12 test trials, presented in ascending numerical order (5, 7, 16,
24, 52,71, 105, 107, 116, 224, 252, and 271). These numbers were identical to those tested by Schneider et al. (2020), and
included both numbers that we expected to be highly familiar to participants and numbers that might plausibly be well
outside their productive count range.

Novel Next Number Task

As is noted in the Introduction, the purpose of the Novel Next Number task was to identify whether children could
generate successors to unfamiliar decade terms. This task was structured like the Next Number Task, except that
prompts contained the novel number words “Mobi” (for the Mobi block) and “Blicky” (for the Blicky block), and
children were told that they were going to play a word game in the Mobi or Blicky language (order of block was
counterbalanced). These tasks measured productivity for count lists that could not possibly be memorized.

For the Mobi block, children heard, “The Mobi language works like this: Five, Six, Seven, Eight, Nine, Mobi”. For the
Blicky block, the children heard, “The Blicky language works like this: Fifteen, Sixteen, Seventeen, Eighteen, Nineteen,
Blicky” Next, the experimenter gave the participant a number in the respective ‘language’ and asked them to tell us
what comes next — just like in the English Next Number Task (e.g., “Now, I'm going to say a number word in the
Mobi Language, and you’re going to tell me what comes next in the Mobi language. Ready? Mobi one”). While we
initially wondered whether children might be less likely to generate successors for the Mobi block (since, in English, the
numbers immediately after 10 are irregular), to foreshadow our results, children performed similarly on both blocks.

There were 14 prompts for the Mobi language, presented in the following order: Mobi 1, Mobi 5, Mobi 7, Mobi 2,
Mobi 8, Mobi 4, Mobi, Mobi 6, Mobi, Mobi 3, Mobi 9 (as planned, this was not analyzed), one hundred Mobi 6, one
hundred Mobi 4, two hundred Mobi 2, and two hundred Mobi 1. There were also 14 prompts for the Blicky language:
Blicky 1, Blicky 5, Blicky 7, Blicky 2, Blicky 8, Blicky 4, Blicky 6, Blicky, Blicky 3, Blicky 9 (as planned, this was not
analyzed), one hundred Blicky 6, two hundred Blicky 4, two hundred Blicky 2, two Hundred Blicky 1. Participants were
randomly assigned to either receive the Mobi block first or to receive the Blicky block first. Seventy-nine participants
completed at least some of the trials on both the Mobi and Blicky blocks, while n = 7 participants only completed one
block.

Results

Data Processing for Highest Count

The Highest Count task yielded four datapoints for each child. First, the child’s Initial Highest Count (IHC) was the
highest number they counted to prior to making their first error. Second, the child’s Final Highest Count (FHC) was
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the highest number they successfully counted to before the task ended. Third, we classified whether the children’s first
error was made at a decade transition or not. Finally, based on previous studies (Schneider et al., 2020), we classified
each child as either “productive” or “unproductive”. Participants were considered “productive” (n = 18) if they met one of
the following criteria: (1) were able to count to 140 without error (n = 3) or (2) counted for at least 2 decades after their
first error and did not make more than 3 errors during that time (n = 15). They were labeled as “unproductive” if they
failed to count to 140 even after receiving prompts from the experimenter (n = 68). Given the relatively small number of
productive counters, we do not focus on productivity classification as a primary measure in our dataset, but nevertheless
report all planned analyses including this classification.

Children in our sample had a mean Initial Highest Count of 29.95 and a Final Highest of 41.93. Fewer than 10% of
children in our sample could count to 100 or higher without any errors (N = 8; M,z = 68.3 m) and more than half of
our sample (N = 45, M,,. = 53.6 m) did not count to 20, and therefore did not count past the irregular teens. Relatively
few children (N = 9, M,z = 59.2 m) made counting errors at decade transitions. Most of these (n = 5) could count to
29, some to 39 (n = 3), and one counted to 49 (n = 1). Instead, many children (N = 24, M,,. = 58.4 m) made non-decade
errors. Consistent with the possibility that children who make non-decade errors may have memorized their count list, 7
of these children did not count past 20.

Data Processing for Next Number Tasks

Performance on the English Next Number task and the Novel Next Number Task was coded in two ways. First, trials
were coded for whether they were “correct”. Correct responses contained all of the correct numerals and no incorrect
numerals. For example, if the prompt was “two hundred mobi three”, the child needed to say that the next number was
“two hundred mobi four”. They were not given credit if they said “mobi four”, “two hundred four”, “two hundred thirty
mobi four” or “four” (all of which contain an error, despite potentially demonstrating some knowledge). Responses of
“I don’t know” were always counted as incorrect. However, refusal to answer was counted as missing data. Additional
analyses that counted refusals to answer as ‘incorrect’ (as opposed to omitted) are presented in the Supplementary
Materials (see Sullivan et al., 2025S) and do not differ substantially from any of the analyses reported here. Second, we
coded children’s responses for each place value separately. For example, if the correct answer was “two hundred mobi
four”, we asked whether the child provided the correct hundreds place (“two hundred”), the correct tens place (“mobi”),
and the correct ones place (“four”). In this way, we could identify the location(s) of children’s errors.

Finally, as planned, we first asked whether performance differed on the two Novel Next Number blocks (mobi,
blicky). We planned to do this in order to determine whether or not data from the two Novel Next Number blocks should
be combined, or analyzed separately. A paired sample t-test revealed no difference in subject-mean performance on the
two blocks (#77) = .75, p = .46). We then used regression to predict subject-mean performance on the Blicky task block
mean performance on the Mobi block. This analysis revealed that the two were very highly correlated (B = 1.01, SE =
.05, p < .0001, r? = .85). Thus, as planned, given their high correlation with one another and lack of significant difference
from one another, we combined performance on the Mobi and Blicky blocks for all remaining analyses, and refer to
them collectively as the “Novel Next Number Task”.

Analyses

Research Questions 1 and 2: Can Young Children Generate Successors for Novel Numbers, and Do They Do
so as Successfully as They Do for English?

The main question of this study was whether children could generate successors for novel numbers, and if so, how their
performance for novel numbers compared to their performance in English. Children generated successors at relatively
high rates for both the English Next Number task (47.1% correct) and the Novel Next Number Task (42.5% correct).
Performance on these tasks was highly correlated (B = .72, SE = .06, p < .0001, r? = .61), and did not differ significantly
(#(82) = 1.98, p = .051). In a post hoc analysis, we asked whether there were task differences in the proportion of
participants who were unable to provide any correct responses for the English vs. Novel Next Number tasks. Whereas
only 4/84 (4.7%) of participants never successfully provided a successor on the English Next Number task, somewhat
more failed to ever provide the correct successor on the Novel Next Number task (18/86, or 20.9%). This difference was
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perhaps due to a lack of rule-governed understanding of counting, but might also have been due to some children’s fail-
ure to understand the requirements of the task. When considering only those children who provided at least one correct
response for each task, mean accuracy was highly comparable across tasks (Mygvel = 53.2%; Menglish = 54-8%)

Research Question 3: What Are the Predictors of Children’s Ability to Generate Successors to English and
Novel Numbers?

In order to better understand the predictors of Next Number performance, we conducted planned analyses predicting
binary Next Number performance (0 vs. 1) from task (Novel vs. English next number; centered), number requested
(scaled), and their interaction with the following random effect structure: NNPerformance ~ Task * Scaled.Num + (Task |
SubID). There was a significant effect of task (B = .87, SE = .19, p < .0001), a significant effect of numerosity (B = -1.15, SE
= .08, p < .0001), and a significant interaction (B = -.56, SE = .16, p = .0003; see Figure 1). Unplanned analyses that inclu-
ded age in the model showed an additional significant effect of age (B = .16, SE = .02, p < .0001), and all other predictors
in the model remained significant (see SOM for full reporting).

Figure 1

Proportion Correct as a Function of Number and Task

0.9
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0.5
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0.1 . i
0.0

5 6 78 10 20 30 40 50 60 100 200 300
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Note. Number (i.e., number requested) by task (blue = English, red = Novel). Error bars are SEM, and
points represent means, even though statistical analyses were conducted on binary data. The apparent
outliers for the Novel Next Number task were for when the successor to “Blicky/Mobi” was requested;
these trials proved particularly challenging for children.

However, a visual inspection of the data (Figure 1) raised the possibility that this finding was driven by two trials in
particular: “Mobi” and “Blicky”, the trials where children were asked to provide successors to the bare novel decade
term. The finding that children struggled to generate successors for novel bare decade terms, in and of itself, is of note,
because it may suggest that children required the experimenter to model how the decade terms mobi and blicky could
be combined with the ones place in order to successfully provide successors. Given this, we repeated the above analy-
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ses,' but excluded the trials where children were asked to generate successors to the bare decade terms mobi and blicky.
Once again, there was a significant effect of task (B = .73, SE = .23, p = .002), a significant effect of numerosity (B = -1.47,
SE = .09, p < .0001), but no significant interaction (B = .003, SE = .18, p = .99). When age was included in the model, it was
a significant predictor (B = .20, SE = .03, p < .0001), and the significant interaction of task and numerosity re-emerged (B
= -39, SE = .13, p = .004). Taken together, these analyses suggest several things. First, performance on the English and
Novel Next Number tasks was not identical when taking into account numerosity. Second, the effect of numerosity was
different for the English Next Number task than for the Novel Next Number task, but this difference may have been
driven in part by the trials where children were asked to provide successors to bare decade terms. Third, while age was a
predictor of performance, age alone did not explain these effects. These data raise questions about the nature of the
errors that children made on both tasks.

Next, as planned, we constructed models to predict mean performance for each task (English, Novel) from age (in
months) and each of our counting measures (Initial Highest Count, Final Highest Count, and Productivity) resulting
in six separate models. In all models, both age and the counting measure were significant predictors of successor
generation (see SOM for full reporting).

Finally, we asked whether Novel Next Number Performance was predicted by English Next Number performance
when taking into account counting ability. First, we predicted Novel Next Number performance from Age and English
Next Number Performance; in this simple model, both English Next Number (B = .75, SE = .09, p < .0001) and age
(B =.007, SE = .003, p = .03) predicted Novel Next Number performance. Next, we combined all previously significant
predictors into a single model predicting Novel Next Number performance from Age, FHC, and English Next Number
performance. In this model, English Next Number performance was the only significant predictor (B = .74, SE = .10,
p < .0001). Thus, while counting ability predicted successor generation in our simple models, the strongest predictor
of children’s ability to generate a successor in our novel number language was their ability to generate a successor in
English (see SOM for full reporting).

Research Question 4: Are Children’s Errors Consistent With the Use of a Particular Decade-Unit Rule for
Generating Successors?

We next explored the nature of children’s errors on the Next Number task, in order to understand what types of
strategies they may have deployed. When children failed to provide the correct successor, most of the time they
provided an incorrect number that nevertheless followed the English conventions for composing numbers (i.e., hun-
dreds-decades-ones: Novel = 79.7%, English = 71.4%). Some said “I don’t know” (or some variation of ‘T don’t know’),
indicating an awareness of their lack of knowledge (Novel = 12.4%; English = 25.5%), and a very small subset provided
responses that contained numbers, but that were constructed in a way that failed to conform to English conventions
for composing numbers (e.g., “16-Blicky-7”, “sixty-forty”; Novel: 8.0%; English: 2.7%).? The full dataset of responses is
available on OSF for individuals interested in analyzing children’s errors further (see Sullivan et al., 2024S).

We next asked whether errors clustered around particular place values - e.g., when children provided the wrong
successor to “one hundred mobi 5%, did they make errors in the hundreds place, the tens place, the ones place, or some
combination? Performance was best for the ones place, with children providing the correct digit in the ones place on
more than half of trials (52.99%gnglish; 54.-9%Nover)- Performance did not differ for the Novel Next Number task vs. the
English Next Number task in a post hoc paired sample t-test (#82) = 1.19, p = .24; see Figure 2). Performance was
similar for correctly producing the tens place (51.0%gngish; 54-4%Nover)> and once again, performance did not differ across
tasks (#(81) = 1.69, p = .09). This means that children were as likely to correctly produce the unfamiliar decade terms
“blicky” and “mobi” as they were to produce familiar decade terms like “twenty” and “fifty”. Finally, performance for the
hundreds place was substantially poorer across both tasks (39.7%gnglish; 36.2%Novel) than for the other place values, and

1) While we do not report these additional analyses in the main text, no other analyses described below are substantively impacted by the inclusion/exclusion
of the “mobi” and “blicky” trials, and thus those trials are not excluded from analysis in the reporting below.

2) A tiny fraction of responses on the Novel Number task were neither numbers nor admissions of ignorance, but rather non-numerical utterances (e.g., “an
animal number”).
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once again did not differ between tasks (#(68) = -.61, p = .54). These data suggest that children made highly similar errors
across tasks, and that errors weren’t restricted to a particular place value.

Did children tend to make single errors or multiple errors on a given trial? We could most easily assess this for trials
that requested 2-digit responses. For the English Next Number task, among those who made errors but nevertheless pro-
vided codable responses, children generally made multiple errors (e.g., 64% of incorrect responses were incorrect be-
cause they got both the ones place and the tens place wrong while 36% made only a single error). Qualitatively, it ap-
peared that when children made multiple errors in generating successors to English numbers, it they generated random
numbers as responses (e.g., saying the successor to 53 was 20). For the Novel Next Number task, the majority of errors
(59%) resulted from errors in only one place value. The remaining 41% resulted from errors across multiple place values.
Qualitatively, it appeared that these multiple-errors were a mix of random-number-generation and the generation of in-
valid number words (e.g., “Mobi-19”).

What type of errors did children make when they made an error in only one place value? A post hoc qualitative in-
spection of the data revealed that when children made errors in the tens place (but not the ones place; n = 282 trials),
they often omitted the decade term entirely (e.g., saying that the successor to ‘blicky 3’ was ‘4’ or that the successor to
116 was 107), or produced the wrong decade (e.g., saying the successor to 224 was 255). In contrast, the dominant pat-
tern for children who made errors in the ones place (but not the tens place; n = 302) was to simply repeat the prompt
and not generate a successor at all.

Figure 2

Proportion Correct as a Function of Place Value and Task

English Novel
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Note. Proportion correct for each place value for the English (left) and Novel (right) Next Number tasks.
Error bars are SEM. Data are reported for the ones place (black), the tens place (dark gray) and the
hundreds place (light gray), for all trials on which children provided a numerical response.

To further explore children’s difficulty with the hundreds place, we generated post hoc descriptive statistics exploring
children’s performance on numbers that were within their final highest count vs. those that were outside their counting
range. For the English Next Number task, children provided the correct successor 77.5% of the time for trials within their
FHC range, and 30.4% of the time for numbers outside their FHC count range. For the Novel Next Number task, children
produced the correct successor on 58.0% of trials within their FHC, and on 26.6% of numbers outside their highest count
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range.’ These data suggest that a child’s ability to generate successors was not fully determined by how high they could
count, since children sometimes got both English and Novel Next Number trials within their counting range wrong, and
sometimes correctly generated successors for numbers outside their counting range. However, even for the Novel Next
Number Task, where memorization could not have supported performance, errors were less frequent within the child’s
productive count range, suggesting a role for familiarity with the English count list in shaping children’s generation of
successors to the novel decades mobi and blicky.

Consistent with the possibility that children used rules to generate successors to novel numbers, a post hoc visual
inspection of the data (Figure 2) showed that performance was especially low when children had to generate successors
to mobi and blicky (as opposed to generating successors for mobi-2). These data suggest that children were able to use
both (a) the prompt provided by the experimenter and (b) their knowledge of English to construct successors to novel
decade terms. When children lacked either source of information, performance decreased substantially.

Discussion

Understanding the structure of the number system is critically important for both early numeracy and for academic
math success (Moss et al., 2015; Mulligan & Mitchelmore, 2009). We tested whether preschoolers could generate
successors to novel numbers and whether their ability to do so was related to their knowledge of counting in their
native language of English. To do this, we measured children’s ability to count in English, as well as their ability to
generate successors to both English number words and number words that contained novel decade terms. Children were
often able to generate successors for English number words both inside and outside their counting range and also for
numbers containing the novel decade terms mobi and blicky. Because children had not been introduced to the terms
blicky and mobi prior to the experiment, such success could not have been due to memorization, and could only have
arisen by applying the rules that structure the English count list to this novel context. In other words, their ability to
generate successors to novel decade terms was likely due to their ability to use the decade+unit rule that structures the
English count list (Chu et al., 2020), and their knowledge of the ordering of the unit terms in English (i.e., that 1 comes
before 2 comes before 3; Fuson, 1988). Our data suggest that children are able to apply their understanding of how the
English count system is structured to novel contexts, using the rules that govern English counting to generate novel
successors. Given that fewer than 10% of our participants could count to 100 (and the majority of participants couldn’t
even count to 20 without making errors), these data suggest that the ability to generate successors for novel numbers
can emerge prior to mastering the English count list.

As noted above, children were able to generate successors both for novel terms like blicky 7 and for numbers outside
their English counting range. These data suggest that children can use their understanding of the rules for composing
decades and units to generate successors for numbers far outside their counting range. The data from the English Next
Number task are consistent with previous reports that have demonstrated that children have some knowledge of the
number words outside of their productive count range (e.g., Barth et al., 2009; Chu et al., 2020; McMillan et al., 2024).
We add to this that children are also able to generate novel numbers beyond their counting range. More generally, these
data address the theoretical claim, made in past studies, that behaviors ostensibly compatible with the use of rules —
such as errors in counting (e.g., Chu et al., 2020; Gould, 2017; Miller et al., 1995; Schneider et al., 2020), may indeed
reflect a generalized induction regarding the structure of counting, including rules such as the decade+unit rule. These
data therefore contribute to a larger literature arguing that the counting system becomes a critical organizing structure
for mathematical reasoning early in development (Baroody & Price, 1983; Mulligan & Mitchelmore, 2009; Sullivan et al.,
2023).

Drawing on a tradition in the counting literature of using children’s counting errors to make inferences about their
representations (e.g., Fuson, 1991; McMillan et al., 2024; Miller et al., 1995; Gould, 2017), we analyzed not only children’s
overall performance, but also the types of errors that they made. To do this, we coded children’s responses for whether
they provided the correct numeral in the 1s place, the 10s place, and when relevant, the 100s place. For both English

3) Based on the training component of the Novel Next Number task, we translated blicky as 10 and mobi as 20.
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and the novel count systems, errors were most prevalent in the 100s place, consistent with the fact that our sample
contained relatively newer counters. Indeed, given that less than 10% of our sample could spontaneously count to 100,
it’s perhaps more striking that children generated the correct hundreds place over 35% of the time on our next number
tasks. However, for both the English and Novel Next number tasks, children’s failures were equally common in the tens
place and in the ones place. In other words, children’s errors were not random, but rather reflected a failure to combine
correct decade information with (correct) unit information. Consistent with this, performance was exceptionally low
when children had to generate successors to mobi or blicky (with no ones place added). This is consistent with the idea
that many preschoolers understand the rules underlying the generation of successors, but sometimes fail to correctly
combine decades and units.

One of our goals was to understand the predictors of children’s ability to generate successors both in English and
in a novel count system. The strongest predictor of children’s ability to provide successors on our Novel Next Number
task was their performance on the English Next Number task, and this was true even when controlling for counting
ability and age. These data suggest that while higher levels of fluency with the English count list confer a benefit
for generating successors, the ability to generate successors in English provided a unique advantage for generating
successors to items from a novel count list.

Our data suggest that early counters are sometimes able to generate successors to (a) novel number terms and to
(b) numbers outside their productive count range. These data suggest that even some early counters may use rules to
generate number words (e.g., by combining units and decades). However, children’s performance for unfamiliar numbers
was not perfect, they frequently made errors, and performed better for familiar numbers overall. In addition, while
children were generally good at generating successors to numbers like “blicky-7”, they struggled to generate successors
to bare decade terms (e.g., “blicky...what comes next?”; Figure 1). These data suggest that while children may be able
to combine units and decades when generating novel numbers, they benefit from being reminded how to do so -- after
all, when the experimenter says something like “mobi-5, what comes next?”, the experimenter has modeled one possible
rule for combining decades and units.

The present data are not without their limitations. First, we only tested English-speaking children. As noted in
the Introduction, English is a moderately transparent count language, meaning that it is relatively easy to identify the
pattern underlying the combination of decades and units. The present data would predict cross-linguistic variability
in performance on Novel Next Number tasks, such that learners of languages where the structure of the count list is
more opaque (e.g., Hindi) may be slower to abstract a rule for generating successors, while learners of transparent count
systems may have an easier time learning rules for generating successors. Future research should measure performance
on Novel Next Number tasks across language groups in order to assess the causal role of the transparency of count
list structure in shaping the ease with which children abstract rules for combining decades and units. In addition, our
novel count systems were base-ten systems modeled closely on the English count system; the present data do not speak
to children’s general ability to generate successors across different count systems, or their ability to attach numerical
meaning to the number words they generated -- a critical component of early numeracy (e.g., Mulligan & Mitchelmore,
2013). Instead, our study focused more specifically on children's ability to apply the rules used for generating successors
in English to novel contexts. More generally, there is good evidence to suggest that children’s performance on counting
tasks depends on the nature of the task (e.g., Johnson et al., 2019), and therefore the possibility that some elements of
children’s performance were impacted by the nature of our task remains.

In addition, while there was a strong relation between the ability to generate successors in English and the ability
to generate successors in a novel count system, the present data do not demonstrate the amount of data needed to infer
the abstract rules for generating successors. Because most of our participants were newer counters with very limited
mastery of the English count, it is clear that total mastery of the English count system through 100 is not required for
learning some abstract rules for generating successors. That said, our current participants were neither at floor nor at
ceiling, and thus future research would benefit from more explicitly mapping the relation between mastery of one’s
native count list and their understanding of the rules for generating successors, perhaps adopting longitudinal methods
(McMillan et al., 2024).

The present study demonstrated that novice counters can successfully generate successors to novel decade terms.
Their ability to do so was predicted by their mastery of the English count list, and due to the use of a novel count
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system, could not be attributed to memorization alone. Instead, these data provide some of the first evidence that
emerging counters have access to rules for generating successors, and that these rules are robust enough to apply to
novel decade terms. Children’s ability to generate successors was strikingly similar for English numbers and novel
numbers, consistent with the possibility that children routinely use rules to generate successors when counting (as
opposed to simply memorizing the count list).
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