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ARTICLE INFO ABSTRACT

Keywords: Children tend to prioritize whole number information over relational information in proportional
proportional reasoning reasoning tasks, such that they judge a spinner with 4/10 red pieces as more likely to land on
framing

red than a spinner with 2/3 red pieces, because 4 > 2 (e.g., Hurst & Cordes, 2018a; Jeong et al.,
2007). This whole number bias is hypothesized to be a driven by fluency in verbal counting in
early childhood, which is thought to promote attention to whole number information. In this
study, we explored (1) the relation between verbal counting abilities and whole number biases
and (2) whether distinct framing contexts — either encouraging children to maximize the number
of stickers won, or minimizing the number of stickers lost - differentially impact children’s
proportional reasoning. Three- to nine-year olds (N = 210, Mgg = 5.7 years) chose which of two
spinners they preferred to spin. Children in the Gain condition learned that if the spinner landed
on red, they would win a sticker and if it landed on blue, nothing would happen; children in the
Loss condition learned that if the spinner landed on red, nothing would happen, but if it landed on
blue, they would lose a sticker. Counter to prior work, performance of both older (6-9 year olds)
and younger (3-5 year olds) children revealed whole number biases. Notably, whole number
biases were not related to counting abilities. Importantly, we find framing the task in a Loss
scenario lessened whole number biases, suggesting that task framing can alter children’s attention
to whole number information in a proportional reasoning context.

numerical bias
whole number bias

Proportional reasoning, or the ability to understand multiplicative part-whole relationships between quantities, is fundamental to
our ability to reason in the world around us. This skill not only allows us to succeed in math and science classes (Booth & Newton,
2012; DeWolf et al., 2015; Resnick et al., 2016; Sadler & Tai, 2007; Siegler et al., 2012; Hurst & Cordes, 2018a), but also helps us
perform everyday activities like cooking dinner (Boyer et al., 2008; Boyer & Levine, 2015; Lamon, 1993). Given the importance of
proportional reasoning in our everyday lives, it is pertinent to investigate how this ability develops and importantly, how real-world
constraints may impact our ability to effectively engage in proportional reasoning. In the present study, we investigate two factors that
may influence children’s early proportional reasoning abilities: (1) mastery of the verbal counting procedure in the preschool years and
(2) task framing. In particular, we explore whether the acquisition of verbal counting and whether the task framing - focusing on trying
to maximize wins versus avoid losses — may impact children’s performance on a proportional reasoning task.
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1. Proportional reasoning

Although significant work has revealed that both children and adults struggle to learn symbolic proportion (e.g., fractions and
decimals; Boulet, 1998; DeWolf et al., 2014; De Wolf & Vosniadou, 2015; Hurst & Cordes, 2018b; Mazzocco & Devlin, 2008), a growing
body of literature reveals children also struggle with proportional reasoning in the context of nonsymbolic displays (e.g., pie charts). In
particular, though children are capable of engaging in proportional reasoning as early as infancy (Denison & Xu, 2014; McCrink &
Wynn, 2007) and can do so in the context of continuous (i.e., non-discrete) displays, children encounter significant difficulties thinking
relationally in the presence of whole number information (Jeong et al., 2007; see also Boyer et al., 2008; Braithwaite & Siegler, 2018;
Hurst & Cordes, 2018a).

As one demonstration of this “whole number bias” (Ni & Zhou, 2005), Jeong et al. (2007) presented children with game spinners
divided into blue and red sections. Children learned if the spinner landed on the red, they would win stickers, and if it landed on blue,
they would lose stickers (a combined gain/loss scenario). After learning the contingencies of the spinner game, children were then
shown pairs of spinners and were asked to judge which of the two spinners would help them win more stickers. That is, their task was to
pick the spinner with the greater proportion of red. Importantly, when whole number information was either not available (the spinners
only had one red section and one blue section, resulting in no countable sections) or was consistent with proportion (the spinner with
the greater number of red pieces also had the greater proportion of red), children succeeded in selecting the spinner with the greater
proportion of red. In other words, they were capable of engaging in pure proportional reasoning when whole number information was
irrelevant. However, on trials in which whole number information was present but misleading (i.e., the spinner with the greater
number of red pieces actually had a smaller proportion of overall red; e.g., 2/3  vs 4/9), children frequently selected the spinner with
the greater absolute number of red pieces, ignoring proportional information. Thus, children were biased by the whole number in-
formation in the displays and selected the spinner with the greater number of red pieces, not the greater overall proportion of red
(Jeong et al., 2007; see also Boyer et al., 2008; Braithwaite & Siegler, 2018; Hurst & Cordes, 2018a).

Several studies have replicated these findings, showing evidence of whole number biases in children ages 6 and up (e.g., Boyer
et al., 2008). However, only one prior study has explored whether similar biases held in younger children (4-5 year olds), revealing the
whole number bias did not emerge in younger children (Hurst & Cordes, 2018a). Given the emphasis on counting in early childhood, it
was hypothesized that the whole number bias may emerge as a product of experience with the counting procedure, such that children
who are proficient counters may be more attuned to count the more salient winning pieces, relying more on whole number strategies.
Focusing on the more salient numerator (the number of winning pieces) rather than the relationship between the winning and losing
pieces on the spinner may lead children to count the red pieces, a strategy that would lead to an incorrect response on misleading trials.
Given that 4-5 year olds may not yet be proficient counters, they would not be prone to counting, and thus not demonstrate a whole
number bias. While this hypothesis has been proposed, it has yet to be tested and so more data are needed to verify that the presence of
the whole number bias emerges with age. In the current study, we explore the relation between the presence of whole number biases in
proportional reasoning and counting proficiency, to determine whether the whole number bias is driven by attainment of counting
proficiency in the preschool years.

Notably, although this spinner task has been used in several studies (e.g., Abreu-Mendoza et al., 2020; Hurst & Cordes, 2018a; Hurst
et al., 2022; Jeong et al., 2007), children were always faced with a situation in which they would win resources when the spinner
landed on red and lose resources when the spinner landed on blue. It is unknown how these two facets of the reward process may have
each individually contributed to children’s performance and thus the presence of whole number biases. That is, were children pri-
marily motivated by the prospect of winning stickers, and thus had their attention drawn to the red pieces? Or alternatively, did the
fear of possibly losing stickers guide their focus? Given prior research suggesting that the motivational framing of a task can impact
attention to relevant information in both children and adults (e.g., Bookbinder & Brainerd, 2017; Kensinger et al., 2007; Ngo et al.,
2019), we considered the possibility that motivational framing may similarly impact children’s attention to whole number information
in the context of a proportional reasoning task. In particular, we explored whether framing the spinner task in a way that highlights
either the winning of stickers or on the losing of stickers may shift children’s attention away from the number of red pieces, allowing
for a greater focus on the relationship between the pieces of the spinner. If so, motivational framing has the potential to impact the
magnitude of whole number biases found in proportional reasoning contexts.

It is conceivable that motivational factors, brought on by task framing, may have a strong influence on children’s proportional
reasoning performance. Several studies have demonstrated the malleability of children’s attention to proportion. This work has
demonstrated that children’s performance on proportional reasoning tasks is impacted by the type of problems presented (i.e., the
presence of continuous and discrete entities; the presence of consistent or misleading information) and the order of presentation of
problem types (Boyer et al., 2008; Hurst & Cordes, 2018a; Jeong et al., 2007). For example, children who are initially prompted to use
proportional strategies by first completing a block of continuous trials (in which discrete whole number information is not available)
outperform children who have not had this prior experience (Boyer & Levine, 2015; Hurst & Cordes, 2018a). Relatedly, research has
revealed that children’s attention to proportion is modified through subtle changes in language. For example, Hurst and Cordes (2019)
found that children who were presented with categorical labels for equivalent fractions (i.e., using the same term to label equivalent
fractions 3/4 and 6/8) performed better on a proportional reasoning task than children who heard traditional fraction labels or others
that emphasized the part-whole information. Other work suggests that children’s gesturing styles may be related to proportional
reasoning performance (Hurst et al., 2022). More recently, evidence suggests that competition with others can also contribute to
gender differences in whole number biases when engaged in proportional reasoning (Fish et al., 2023). Together, these studies suggest
that children’s attention to proportional information (compared to whole-number information) may be quite easily shifted. In the
present study, we capitalize on the malleability of children’s proportional reasoning skills by investigating whether motivational
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framing might also impact children’s tendency to focus on whole number information during a proportional reasoning task.
2. Motivational framing

Several studies show that task framing — focusing on gains or losses — can be a powerful influence on adult’s performance in a
variety of domains, from decision making to perceptual learning (e.g., Kahneman & Tversky, 1979; Tversky & Kahneman, 1981).
Numerous research studies using adult participants demonstrate an asymmetrical effect of negative versus positive information.
Several studies reveal that negative information is remembered more easily than positive information (e.g., Kensinger et al., 2007; Ngo
et al., 2019). For example, adults have greater memories for images of negative items compared to positive ones (Bookbinder &
Brainerd, 2017; Kensinger et al., 2007) and adults remember more negative words compared to neutral ones, suggesting that adults’
memory performance is enhanced in a negative context (see Kensinger & Corkin, 2003). In the same vein, people tend to have more
vivid memories and remember more details from negative, compared to positive events (for a review see: Kensinger, 2007). Moreover,
adult decision-making studies suggest that losses loom larger than gains (Kahneman & Tversky, 1979; Tversky & Kahneman, 1981),
such that motivations may be enhanced when tasks are framed as avoiding a loss.

Fewer studies, however, have explored the effects of framing in children. Work by Levin and colleagues has found that children
engage in more risk-taking behaviors when trying to avoid losses compared to obtaining gains (Levin & Hart, 2003; Levin et al., 2007),
suggesting that children are attuned to framing. Recent work with younger participants has found a similar result — children’s mne-
monic discrimination, which is usually relatively poor, was enhanced when presented in a Loss frame, compared to a gain one (Ngo
et al., 2019). In this study, children played a game in which they observed a bird eating different foods. Sometimes the food made the
bird healthier (i.e., Gain condition), whereas other times the food made the bird sicker (i.e., Loss condition). After learning which foods
made the bird healthier or sicker, children completed a forced choice task in which they were asked to choose which food items the bird
had previously eaten. Overall memory performance was better for younger children (4-5 year olds) when the task was placed in the
gain/loss framing compared to a no framing condition, suggesting that gain/loss framing can increase children’s performance during
challenging tasks. More importantly, children (4-8 year olds) and adults were more likely to remember the items that made the bird
sicker, compared to the items that made the bird healthier, indicating that memory performance was enhanced in the Loss framing
context. While people tend to remember negative information over positive or neutral information (e.g., Kensinger et al., 2007), this
study also hints at the possibility that loss framing may change the salience of stimuli more so than gain framing, even for children. Yet,
it should be noted that other work has suggested that traditional framing effects do not emerge until later childhood (Reyna & Ellis,
1994). Thus, more work is needed to explore the effects of framing in younger samples. Since past work on proportional reasoning has
revealed children’s attention to whole number information in the spinner task to be quiet malleable when children are able to both gain
and lose (simultaneously focusing on both frames), exploring the effects of framing on proportional reasoning seemed like a logical
next step.

Why would task framing impact whole number biases? According to Regulatory Focus Theory (Higgins, 1998), people’s basic
motivational tendencies are to approach pleasure and avoid pain. Higgins (1998) argues that people approach tasks with either a
growth (i.e., promotion focus) or a security focus (i.e., prevention focus). People who are concerned with security tend to engage in
more careful, analytical thinking, compared to those who are motivated by growth concerns. Substantial research has shown that
adults with a prevention focus tend to outperform peers with a promotion focus on a variety of tasks, perhaps due to the focus on
accuracy over speed (see Forster et al., 2003; Miele et al., 2009; Rosenzweig & Miele, 2016). For example, college students with a
prevention focus outperformed their peers with a promotion focus on reading comprehension tests when the text was ambiguous
(Miele et al., 2009, Study 2), on college midterms and finals (Rosenzweig & Miele, 2016, Study 3), and on sections of the SAT
(Rosenzweig & Miele, 2016, Studies 1 & 2; Sternberg et al., 2008). One’s regulatory focus can also impact seemingly simple tasks. For
example, another study found that students with a promotion focus perform less accurately, but more quickly, on a connect-the-dots
drawing task (Forster et al., 2003). Fewer studies have explored how children respond to a prevention focus mindset. In one study,
children were induced into a promotion focus (describing situations where motivation helps achieve goals) or prevention focus
(describing situations where motivation helps avoid failure) and then were given 5 tokens that they could spend in a shop or put into
the bank. The research found that inducing a prevention focus in 9-11 year olds resulted in a preference for immediate spending
(compared to saving; Trzcinska et al., 2021), suggesting that children may be susceptible to this kind of framing. In the present study,
we reasoned that children in the Gain condition, who are aiming to win stickers, may be more inclined to approach the spinner task
with a promotion focus, which would lead to a greater focus on the number of pieces that would result in greater gains (i.e., a whole
number focus on red pieces). On the other hand, children in the Loss condition may approach the task with a prevention focus, which
would lead to greater distributed attention to the relationship between red and blue pieces in the spinners. Given that individuals with
a prevention focus tend to think more analytically, we would expect proportional reasoning — the skill necessary to succeed in this task
— to be enhanced in the Loss condition.

2.1. The current study

The current study explores the emergence of whole number biases in two age groups: younger children (3-5 year olds) and older
children (6-9 year olds), allowing for an exploration of the prevalence of whole number biases across early to middle childhood. First,
we aimed to replicate prior work exploring proportional reasoning in preschoolers, revealing evidence of proportional reasoning
abilities in this young group, but in the absence of whole number biases. Then, in light of theories linking the presence of whole number
biases and verbal counting ability (Hurst & Cordes, 2018a), we explored the relation between proportional reasoning abilities — in
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particular, the presence of whole number biases in proportional reasoning tasks — and verbal counting proficiency in this youngest age
group. To do so, we explored whether there was a relation between the presence of whole number biases in children’s proportional
judgments and their performance on a counting assessment, the Give-N task. If, as hypothesized, mastery of the count procedure
promotes the salience of whole number information leading to the emergence of whole number biases, then we should find a relation
between whole number biases in children’s proportional judgments and their Give-N performance.

Moreover, given the malleability of children’s proportional reasoning abilities and the powerful effect of framing (e.g., Ngo et al.,
2019), we explored whether gain or loss framing impacts children’s performance during a proportional reasoning task. Children
completed the spinner proportional reasoning task (as in Jeong et al., 2007) in either a Gain frame or a Loss frame. Children in the Gain
condition learned that if the spinner landed on red, they would win a sticker and if it landed on blue, nothing would happen. Children in
the Loss condition learned that if the spinner landed on red, nothing would happen, but if it landed on blue, they would lose one of the
stickers given to them at the start of the task. Note, while these differential instructions should lead to the same responses — selecting
the spinner that is most likely to land on (and thus has a greater proportion of) red - the instructions differ in whether the child’s goals
were to maximize their sticker gains, or to minimize their sticker losses. Children were presented with both continuous trials (in which
the spinners are composed of only one red section and one blue section, making whole number information not available) and discrete
trials (in which the spinner is broken into multiple red and blue pieces, making whole number information salient).

Given that prior work has shown that attention to number in proportional reasoning tasks is fairly malleable (e.g., Boyer et al.,
2008; Boyer & Levine, 2015; Hurst & Cordes, 2018a, Hurst & Cordes, 2019), we hypothesized that children in the Loss condition would
demonstrate fewer whole number biases. Because past work demonstrates that loss frames increase the saliency of stimuli (Ngo et al.,
2019), we would expect placing the proportional reasoning task in a loss frame would increase children’s attention to proportional
information (by reducing the child’s focus on the “winning” pieces), thus decreasing whole number biases. In particular, increased
motivation and/or the induction of a prevention-focused mindset in the Loss condition may lead to a greater attention to the rela-
tionship between blue and red pieces — a focus on the proportion of red. If so, we would expect children in the Loss condition to perform
better overall on the task while also demonstrating less of a whole number bias on discrete trials.

Alternatively, prior work suggesting that losses loom larger than gains (e.g., Kahneman & Tversky, 1979; Tversky & Kahneman,
1981) may point to children in the Loss condition having a heightened awareness to numerical information. Given that children highly
value stickers and thus may be motivated to avoid losing them, they may want to rely on learned strategies that have proven successful
for them in the past, such as verbal counting. Evidence in support of this finds that children use well-learned strategies like counting on
their fingers when performing difficult addition problems (Siegler, 1987). Since whole number information is well-practiced, but
proportional information in this context is quite novel for children in this age group, children may prefer the learned strategy of
counting the number of red pieces, resulting in a greater whole number bias. In this case, number may be even more salient to them in
the Loss condition, and as such, children may demonstrate both worse performance overall and greater whole number biases in the
Loss condition.

We had three research questions. First, do whole number biases truly emerge over the course of early childhood, and if so, are these
biases related to counting proficiency? Second, does motivational framing differentially impact proportional reasoning in general (as
measured by performance on the continuous trials)? And last, does framing differentially impact children’s attention to number in a
proportional reasoning task (as measured by performance on discrete trials, where number is a salient feature)?

3. Methods
3.1. Participants

Three- to nine- year olds (N = 210, Age Range: 3.15 years — 9.92 years, Mgg = 5.7 years, 117 females, 91 males, 2 unreported) from
the greater Boston area were recruited to participate in this study. Children participated in the lab, or at various museums, schools, and
after school programs. Ten additional children participated in the study, but were not included for the following reasons: program/
experimenter error (n = 2), being uninterested in the task (n = 1), confused by instructions (n = 2), English not the primary language (n
= 4), or out of age range (n = 1).

Given the possibility of age-related changes in proportional reasoning performance (see Hurst & Cordes, 2018a), we divided our
sample into a younger age group (3-5 year olds, who were posited to not demonstrate a whole number bias) and an older age group (6-9
year olds). A priori calculations in G*Power (Faul et al., 2009) indicated a total sample size of 164 would be sufficient to detect a small
to medium effect size (f =.15) requiring 0.9 power on the central analyses exploring whether framing and/or age group impacted the
presence of a whole number bias. After data from 160 participants was collected, it was determined that we had an unequal distri-
bution of children across the younger and older age groups, which compromised our ability to explore questions regarding the relation
between counting proficiency and whole number biases. Thus, we collected additional data from the youngest age group in order to
equate the size of the samples of older and younger children in our study. The final younger age sample provided us with sufficient

Table 1

Demographic Information for each Age Group.
Age Group N Mean Age (SD) Gain Condition Loss Condition
Younger Children 105 4.12 years (.74) 54 51
Older Children 105 7.28 years (1.03) 56 49
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power (0.9) to detect a small to medium effect size (f =.15) in correlational analyses exploring the relation between counting profi-
ciency and whole number biases. Table 1 provides demographic information for each age group separately.

3.2. Stimuli

Stimuli were modeled after Hurst and Cordes (2018a). The two cardboard spinners (one Discrete (i.e., broken up into pieces): Fig. 1
left, and one Continuous: Fig. 1 right) used for familiarization were identical to that of previous work and measured 15.6 cm in
diameter.

On each trial of the computerized task, children saw two spinners that were a similar circular shape, but could not actually be spun.
Identical to Hurst and Cordes (2018a), on each trial, the two spinners varied in proportion and physical size (small = 6.1 cm diameter,
medium = 8.8 cm diameter, and large = 11.4 cm diameter) so that children could not use the total amount of red on the screen as a cue
for responding. For example, children may compare a medium-sized spinner that had 2/6 red pieces to a small-sized spinner that had
4/8 red pieces. Like Hurst and Cordes (2018a), in each block of trials, there were four small-medium comparisons, two small-large
comparisons, and two large-medium comparisons. The correct response appeared on the left and right side of the screen eight
times (4 times/Block). A list of the comparisons is located in Table Al in Appendix A. The proportional reasoning task had acceptable
reliability (o =.775).

3.3. Procedure

Children were randomly assigned to either a Gain or Loss Condition. In order to familiarize children to the task, children in both
conditions were first given three stickers and shown a physical discrete spinner made out of cardboard (Fig. 1, left). Then, the
experimenter described how the spinner worked. In the Gain condition (n = 110), children were told if the spinner landed on red, they
would win a sticker, but if the spinner landed on blue nothing would happen. In the Loss condition (n = 100), children were told if the
spinner landed on blue, they would lose a sticker, but if the spinner landed on red nothing would happen (see Appendix B for the full
script). To ensure children had learned the rules, the experimenter completed two practice trials in which they spun the spinner twice
and asked children to identify the outcome. The experimenter corrected children if they did not accurately indicate the outcome, and
gave (or took away) children’s stickers based on the outcome of each spin and the child’s condition.

After familiarization, children participated in a computerized proportional reasoning task on a 13-inch Mac laptop. During this
task, two spinners were presented side by side and the child was asked which spinner they would use to get more stickers. Children
pointed to the spinner they chose and the experimenter noted their response by pressing the designated keys on the keyboard. Because
the spinners on the computer did not actually spin, children did not win or lose stickers during the computerized task (comparable to
prior studies; e.g., Hurst & Cordes, 2018a). During the computerized comparison task, children completed two blocks (Discrete and
Continuous, in that order). The Discrete Block involved eight trials in which the spinners were divided into equally-sized pieces that
were either red or blue (e.g., 2 red pieces and 4 blue pieces; see Fig. 2). Furthermore, half of the Discrete trials were “counting
consistent” (i.e., the spinner with the greater number of red pieces also had the greater proportion of red) and the other half were
“counting misleading” (i.e., the spinner with the greater number of red pieces actually had the smaller proportion of red — and thus
would be an incorrect choice; See Fig. 2). Counting consistent and misleading trials were randomly intermixed.

Following the Discrete block, children were then familiarized to the Continuous spinner (see Fig. 1, right) using the same procedure
as that for the Discrete block. Children then participated in the Continuous Block that consisted of eight trials in which the spinners had
only one red portion and only one blue section (i.e., the colors were not broken into discrete countable pieces, See Fig. 3). Given work
suggesting that prior experience with continuous trials dampens the whole number bias by prompting children to use proportional,
instead of numerical, strategies (Boyer & Levine, 2015; Hurst & Cordes, 2018a), we chose to always present Discrete trials first in order
to maximize the likelihood of a whole number bias in our sample (and thus allow us to explore how framing impacts the whole number
bias). This block of trials was included to ensure that participants were able to engage in proportional reasoning when numerical cues
were unavailable. Following the proportional reasoning task, children and their parents were debriefed and children took home the
stickers they received during familiarization as a prize.

After completing the proportional reasoning task, 3-4-year olds (n = 62)* completed the Give-N task (e.g., Le Corre & Carey, 2007;
Wynn, 1990) to assess their number knowledge and counting proficiency. During this task, children were asked to place a certain
number of small toy ducks into a “pond” (blue basket) across several trials. The researcher began by asking the child to place one duck
in the pond, and once children responded, the researcher asked “Is that one duck?”. If the child responded correctly, the researcher than
asked the child to place 3 ducks in the pond on the next trial, and continued to increase the number of ducks requested by one on every
trial (asking for 4, 5, and then 6 ducks) whenever the child responded correctly. If the child responded incorrectly on any trial, then the
researcher asked the child to place one fewer duck in the pond on the next trial (e.g., if the child is unable to place 3 ducks in the pond
correctly, then on the next trial, the researcher asked the child to place 2 ducks). This titration procedure continued until the child
responded incorrectly on two trials of the same set size, or until the child was able to correctly place 6 ducks in the pond twice.

! Seven additional 4-year olds did not have useable Give-N data due to experimenter error (n = 6) or due to time constraints (n = 1). Eight 5 year
olds also completed the Give-N task; however, since we intended to focus on 3 and 4 year olds’ counting abilities, since they were more likely to be
in the process of learning to count, the data from the eight 5-year olds has not been included on the analyses of counting proficiency. Results remain
consistent if the data from these 5-year olds is included in the analysis.
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Fig. 1. Discrete (on left) and Continuous (on right) spinners used for familiarization.

Fig. 2. Example of a counting misleading trial from the Discrete Block of the computerized proportional reasoning task. Whereas the spinner on the
left would be more likely to land on red given a greater proportion of red (3/4 > 6/9), children more often indicate the spinner on the right is more
likely to land on red because it has a greater absolute number of red pieces (6 > 3).

3.4. Dependent variables and data coding

Proportion correct in judging the spinner with the greater proportion of red was calculated separately for each block (Continuous
versus Discrete) and within the discrete trials, for each trial type (Consistent versus Misleading) separately. For the Give-N task,
children who answered correctly up to 5 or 6 were considered to be proficient counters (as Cardinal Principal Knowers, (CP-knowers)).

3.5. Data analysis

We calculated both frequentist statistics and Bayesian analyses in JASP (Version 0.16, JASP team, 2021) using default priors. For
each analysis, we reported either BFy;, which compares the likelihood of the data under the null hypothesis to the alternative hy-
pothesis, or BFy, which compares the likelihood of the data under the alternative hypothesis to the null hypothesis. We report the
Bayes Factor that is greater than one. The Bayes factors can be interpreted as follows: BF = 1 indicates no evidence, BF = 1-3 represents
anecdotal evidence, BF = 3-10 represents substantial evidence, BF = 10-30 represents significant evidence, BF = 30-100 represents
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Fig. 3. A sample trial during the Continuous Block of the computerized proportional reasoning task.

very strong evidence, and BF > 100 represents decisive evidence (Wagenmakers et al., 2011). Thus, a BFy; of 12 would indicate that
the data are 12 times more likely under the null model compared to the alternative, representing significant evidence. For the repeated
measures ANOVAs, we indicate which model best fit the data.

4. Results
Children in both age groups performed significantly above chance (0.5) on the Continuous Trials (Younger Children: M =.57, SE
=.02, 1(104) = 3.52, p <.001, d =.34, BF;o = 32.70; Older Children: M =.84, SE =.02, t(104) = 15.64, p <.001, d = 1.53, BFjg =

7.51e+25) and the Discrete Trials (Younger Children: M =.56, SE =.02, t(104) = 2.83, p =.006, d =.28, BF1¢ = 4.61; Older Children: M
=.73, SE =.02, t(104) = 10.20, p <.001, d =.995, BF1g = 2.36e+14).

4.1. Does framing impact pure proportional reasoning in the absence of whole number information?

First, we analyzed performance on the Continuous trials to determine whether the different framing conditions impacted attention
to proportion on trials in which number could not interfere with performance. If (as predicted) the Loss framing increased motivation
to avoid losing stickers, we would expect better performance on the Continuous trials in the Loss condition compared to the Gain

condition. We conducted a univariate ANOVA with Condition (Gain, Loss) and Age Group (Older, Younger) as fixed factors on per-
formance on the Continuous trials only. The analysis revealed a main effect of Age Group, F(1, 206) = 79.87, p <.001, nlz) =.28, and no
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Fig. 4. Whole number biases (as demonstrated by better performance on discrete consistent compared to discrete misleading trials) were signifi-
cantly greater in the Gain Condition than in the Loss condition.
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other main effects or interactions (p’s >.53). Not surprisingly, older children (M =.84, SE =.02) outperformed their younger coun-
terparts (M =.57, SE =.02) in this pure proportional reasoning task. Framing did not appear to have any impact on performance on
Continuous trials, such that children in the Gain (M =.70, SE =.03) and Loss (M =.71, SE =.03) conditions performed comparably, (t
(208) =.39, p =.70, d =.05, BFy; = 6.19), with Bayesian analyses indicating substantial support in favor of the null model (i.e., no
effect of Condition). The Bayesian ANOVA suggested that the model including Age Group best fit the data.

4.2. Does framing alter whole number biases?

To determine whether children’s attention to proportion in the face of whole number information was impacted by gain or loss
framing, we next performed analyses on performance on the Discrete trials exclusively. We conducted a repeated measures ANOVA
exploring the impact of the within-subjects variable of Trial Type (Consistent, Misleading) and the between-subjects variables of Age
Group (Younger, Older) and Condition (Gain, Loss) on performance in the Discrete Block of trials. Results revealed a main effect of
Trial Type, F(1, 206) = 23.31, p <.001, ng =.10, such that performance was better on the Consistent (M =.71, SE =.02) compared to the
Misleading trials (M =.58, SE =.02), consistent with a reliance upon whole number information in the display — a whole number bias
(see Fig. 4). There was also a main effect of Age Group, F(1, 206) = 33.30, p <.001, ng =.14, such that older children (M =.73, SE =.02)
outperformed younger children (M =.56, SE =.02). Lastly, there was a significant Condition x Trial Type interaction, F(1, 206) = 4.24,
p =.041, ng =.02 and a marginal Age Group x Trial Type interaction, F(1, 206) = 3.77, p =.053, ng =.02. The Bayesian repeated
measures ANOVA suggested that the model including Trial Type and Age Group best fit the data.

To follow-up on the significant Condition x Trial Type interaction, we conducted additional paired samples t-tests comparing
performance on the misleading versus consistent trials in the Gain and Loss conditions separately. In the Gain condition, participants
performed significantly better on the consistent trials (M =.72, SE =.03) compared to the misleading trials (M =.54, SE =.03, t(109) =
4.93, p <.001, d =.47, BF;o = 4826.03), consistent with a whole number bias. In the Loss condition, participants performed
comparably on the consistent (M =.69, SE =.03) and misleading trials (M =.62, SE =.03, t(99) = 1.90, p =.060, d =.19, BFy; = 1.61; see
Fig. 4). The Bayesian analyses thus show decisive support for a whole number bias in the Gain condition, but anecdotal evidence for the
null hypothesis in the Loss condition. Consistent with the claim that the Loss condition led to less numerical interference on the discrete
misleading trials, additional analyses revealed children in the Gain condition did not exceed chance levels of performance (.5) on the
discrete misleading trials (((109) = 1.18, p >.23, d =.11, BFy; = 4.80), whereas children in the Loss condition performed above chance
on these trials (t(99) = 3.54, p <.001, d =.35, BF;o = 34.36).

Although the Age Group x Trial Type interaction was only marginal, given that our research question was to explore the devel-
opment of whole number biases, we then compared performance on the consistent and misleading trials in each age group separately.
The analysis revealed that both age groups performed better on the consistent compared to the misleading trials, showing evidence of a
whole number bias (Younger Children: Mconsistent =-60, SEconsi =.02, Myisteading =52, SEMisleading =-03, t(104) = 2.12, p =.037,
d =.21, BFg; = 1.09; Older Children: Mconsistent =-82, SEconsistent =-02, Misleading =-64, SEmisteading =-04, t(104) = 4.77, p <.001, d =.47,
BF;¢ = 2456.63; see Fig. 5). Replicating prior research, we do find a consistent whole number bias (better performance on consistent
trials relative to misleading trials) in older children. Counter to prior research (Hurst & Cordes, 2019), the younger age group also
performed significantly better on consistent trials compared to misleading trials — suggesting a reliance upon whole number infor-
mation. However, the marginal interaction revealed a slightly smaller whole number bias in the younger children compared to the
older children (£(208) = 1.96, p =.051, d =.27, BFy; = 1.11).

4.3. Are whole number biases related to counting proficiency?

Finally, we explored whether children’s whole number biases were related to their counting proficiency, as demonstrated on the
Give-N task. Initial analyses revealed no significant correlations between children’s knower-levels on the Give-N task and their per-
formance on the discrete misleading trials (p >.9) or between knower-level and the difference in performance on discrete consistent

©
—

0.6 T

Proportion Correct

)

Younger Children Older Children

Consistent ® Misleading

Fig. 5. Performance was significantly better on Consistent compared to Misleading trials for both age groups.
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and discrete misleading trials (a measure of whole number bias; p >.6). Notably, despite including younger children than Hurst and
Cordes (2019), the majority of our 3-4 year olds (49/62) were either 5- or 6- knowers (CP-knowers), demonstrating proficiency in
counting. If a bias to attend to whole number information is driven by proficiency with the count routine, then children classified as
CP-knowers would be expected to demonstrate a whole number bias in the spinner task. A paired samples t-test revealed that the subset
of 3 and 4-year olds who were classified as proficient counters (CP-knowers) did not perform significantly better on discrete consistent
trials compared to discrete misleading trials, t(48) = 1.26, p >.21, d =.18, BF(; = 3.05, indicating no whole number bias in this sample
of proficient counters. Thus, the Bayesian analyses confirm that the data are 3.05 times more likely under the null hypothesis,
providing anecdotal evidence in support of the conclusion that becoming a proficient counter alone does not explain the development
of whole number biases in childhood.

5. Discussion

Despite the importance of proportional reasoning, children and adults alike struggle on these tasks. In particular, previous research
has shown that older children have a whole number bias when performing proportional reasoning tasks, in which they prioritize
discrete numerical information over proportional information (Boyer & Levine, 2015; Boyer et al., 2008; Braithwaite & Siegler, 2018;
Jeong et al., 2007; Hurst & Cordes, 2018a). Given that children’s performance on proportional reasoning tasks is susceptible to
numerous factors (e.g., Hurst & Cordes, 2018a), we were interested in whether framing a proportional reasoning task in terms of gains
or losses may increase children’s performance through means of promoting either a prevention or promotion focus. Moreover, we
aimed to investigate whether prior findings of a developmental trend in the prevalence of whole number biases would replicate in a
new sample of children, and whether counting proficiency was related to the emergence of whole number biases in this younger
sample.

5.1. The emergence of whole number biases across development

First, we explored children’s proportional reasoning skills as a whole across early to middle childhood. Mimicking past research,
our results revealed age related changes in proportional reasoning performance, such that older children outperformed younger
children (Hurst & Cordes, 2018a; Fish et al., 2023; see also O’Grady & Xu, 2019). Despite age-related differences, results indicated that
both age groups performed above chance on the Continuous block, suggesting that children of this age are capable of reasoning
proportionally. Thus, while older children and adults may struggle with proportional reasoning, the basic ability to reason propor-
tionally is present in early childhood.

Moreover, past literature on proportional reasoning has shown that a whole number bias likely emerges around age 6 (see Boyer
et al., 2008; Hurst & Cordes, 2018a; Jeong et al., 2007). Counter to prior work, however, our results indicate that both younger (3-5
year olds) and older (6-9 year olds) children performed significantly better on the consistent compared to the misleading trials,
exhibiting a whole number bias. There are many potential reasons why our data do not align with previous research. First, the majority
of studies using the spinner task have focused on children 6 years and up (see Abreu-Mendoza et al., 2020; Boyer et al., 2008; Boyer &
Levine, 2015; Jeong et al., 2007) and only one study thus far has included children under the age of 5 (see Hurst & Cordes, 2018a).
Further studies including younger children are needed for understanding whether a whole number bias is present in younger children.
Additionally, prior work demonstrated that the presence of a whole number bias was impacted by the order of trials presented, such
that children who saw discrete trials first were more likely to show a whole number bias (Hurst & Cordes, 2018a). Given this finding, in
the present study, we intentionally presented our participants with the discrete trials first to enhance the likelihood of a whole number
bias. While Hurst and Cordes (2018a) did not find younger children to be susceptible to order effects, it is possible that our choice to
present the discrete trials first contributed to the presence of a whole number bias in the younger age group in our study. Future
research is needed for better understanding the effects of experiences on the development of whole number biases in young children.
Lastly, it is important to note that although the analyses confirmed a whole number bias was present in performance of both age
groups, the younger children did not perform above chance on the misleading trials. Moreover, the marginal Age group x Trial type
interaction and Bayesian analyses indicated a marginally stronger whole number bias for older compared to younger children. Thus, it
remains possible that the presence of a whole number bias is stronger in older compared to younger children. Our results add to the
current literature demonstrating notable changes in proportional reasoning and attentional biases over development (e.g., Boyer et al.,
2008; Hurst & Cordes, 2018a; Jeong et al., 2007). Future work should continue to explore the emergence of the whole number biases in
the preschool years to determine exactly how early these biases emerge and whether their emergence is related to counting abilities.

Although we found evidence of a whole number bias in our younger age group, many reasons have been proposed as to why
younger children previously have not shown a whole number bias in prior work (see Hurst & Cordes, 2018a). One possibility is that this
bias appears once children become proficient counters. As children gain experience with counting, numerical information may become
more salient to children, making children more likely to spontaneously focus on or attend to whole number information (see Hannula
& Lehtinen, 2005; Hannula et al., 2007). To directly address this theory, in the present study, we administered a test of counting
proficiency (Give-N) in addition to the proportional reasoning task to the youngest participants in order to determine whether counting
abilities were related to the presence of a whole number bias. Notably, the majority of children given the counting assessment
(approximately 80%) were identified as proficient counters (Cardinal-Principal Knowers in the Give-N task; Wynn, 1990). However,
we found no evidence of a whole number bias in these proficient counters. Moreover, additional analyses revealed no correlation
between a child’s knower level and their performance on the disrcrete trials of the proportional reasoning task. Thus, our data suggest
it is unlikely that counting proficiency alone determines the presence of a whole number bias.
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An alternative explanation, however, is that experience with formal schooling in our sample may provide a greater emphasis on
whole number information, making this topic somewhat overlearned in young school-aged children. While we did not gather infor-
mation about the schooling of children in our sample, it is notable that most of our preschool participants were recruited from local
preschools where whole number information may already be emphasized. Future research is necessary for investigating whether
formal education corresponds with the emergence of the whole number bias. However, it should be noted that there is some evidence
of whole number biases in adults of cultures without formal educational systems (Alonso-Diaz et al., 2019), suggesting extensive
experience with whole number information either in or out of the classroom may drive these biases. In fact, some evidence suggests
that even preverbal infants are particularly tuned to number, even moreso than other continuous quantities (e.g., Brannon et al., 2004;
Cordes & Brannon, 2009; Libertus et al., 2013), suggesting the possibility that whole number biases may be present very early in
development due to innate biases. Regardless, given the important implications of the whole number bias for proportional reasoning,
future research should explore whether whole number biases are present even earlier in development or if introducing proportional
reasoning earlier in schooling may mitigate the emergence of whole number biases.

5.2. The effect of framing

In addition to replicating previous research on whole number biases, we were also interested in whether framing the task in terms
of gains or losses would impact children’s proportional reasoning performance. Because research suggests that we are better at
remembering negative information (e.g., Kensinger et al., 2007) and loss framing has been shown to increase motivation (e.g., Ngo
et al., 2019) and induce a prevention focus (see Higgins, 1998), we were particularly interested in how children would perform in the
Loss condition. While few studies have tested the effects of framing in children, we predicted that the Loss condition would either 1)
increase performance by inducing a prevention focus, or 2) cause children to use overlearned counting strategies leading to worse
performance on the proportional reasoning task. Overall, our results indicated that those in the Gain condition showed the traditional
whole number bias. Children assigned to the Loss condition, however, performed only marginally better on the consistent compared to
the misleading trials. Most notably, whereas children in the Gain condition did not perform better than chance on trials in which whole
number conflicted with proportional reasoning, children in the Loss condition performed significantly better than chance on these
discrete misleading trials. This finding was unique to the discrete trials, as children in the Gain and Loss conditions performed
comparably on the continuous trials. Thus, the framing did not impact proportional reasoning overall; it specifically impacted the
presence of a whole number bias in the Loss condition. This finding is in line with our first prediction, suggesting that the Loss framing
likely induced a prevention focus leading to increased attention to proportional information and a reduced whole number bias.

This finding aligns with past literature showing that adults with a prevention focus outperform adults with a promotion focus (e.g.,
Forster et al., 2003; Miele et al., 2009; Rosenzweig & Miele, 2016). In particular, adults with a prevention focus tend to approach tasks
more analytically. To approach this task more analytically, children should have focused on the relationship between the number of red
and blue pieces, instead of the absolute number of winning red pieces. If children in the Loss condition did this, they would have been
less likely to rely upon discrete numerical information on the misleading trials, revealing less of a whole number bias. These findings
also align with the dynamic strategy choice account (Alibali & Sidney, 2015). This account argues that people can implicitly implement
a variety of strategies when comparing magnitudes of fractions, including intuitive strategies (i.e., more automatic and retrieval based
— such as focusing on the entire spinner to determine relative amount) and analytical strategies (i.e., more effortful — including
overlearned strategies such as counting in this case). Importantly, our findings suggest that those in the Loss condition, who did not
show a whole number bias, seem to be using more intuititive or automatic strategies, rather than more effortful, analytical ones.

Relatedly, work shows that children who are better at inhibition perform better on the discrete trials of proportional reasoning tasks
(Abreu-Mendoza et al., 2020). The loss framing may have increased inhibition by encouraging children to approach the task more
analytically. While we predicted that the loss framing may increase motivation, shift attention, and/or promote inhibition, which
would lead to better performance, we did not directly measure motivation or strategy use in our sample. Future work investigating how
motivated children are during the task and/or the strategies children invoke may be useful for exploring this possibility.

Not only do our results demonstrate the effect of framing on proportional reasoning, this study also adds to current literature
showing that young children are susceptible to gain-loss framing. While some work suggests children as young as 4 and 5 are impacted
by the way in which a task is framed (Levin & Hart, 2003; Ngo et al., 2019; Schlottmann & Tring, 2005), other studies have suggested
that framing does not affect performance in younger children (see Reyna & Ellis, 1994). Our study indicates that even our youngest
participants were affected by the framing of the task. That is, to simply perform at above chance levels, children had to understand the
condition-specific instructions which involved understanding the framing of the task. If children in the Loss condition did not un-
derstand that they would lose stickers when they landed on blue, they would not have performed above chance on the task. Similarly, if
children in the Gain condition did not understand that landing on red would win them stickers, they would not have been successful on
the task. Children in both conditions performed above chance on the continuous trials, thus indicating that children were aware of the
framing and that our manipulation was effective.

Additionally, much of the work on framing in adults has dealt with emotionally laden situations. For example, many studies have
used tasks that involve winning/losing money (see Mikels & Reed, 2009; Smith & Levin, 1996 Study 1) or medical decision making,
which is oftentimes emotional (see Almashat et al., 2008; Cormier O’Connor et al., 1985; Malloy et al., 1992; Marteau, 1989; Moxey
et al., 2003; Smith & Levin, 1996 Study 2). Whether our manipulation — potentially winning or losing stickers — similarly evoked
emotional reactions in our sample is unknown. Future work should explore whether winning/losing stickers evokes similar emotions in
children to winning/losing money in adults. Moreover, this work could explore whether children are more susceptible to the effects of
framing in emotionally-laden situations. Lastly, it is important to note that the gain-loss framing used in the present study is not
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identical to the gain-loss framing used in research with adults. In particular, the two conditions in the present study did not hold the
same expected values during our familiarization trials. Notably, children in both conditions started with 3 stickers; however, those in
the Gain condition were given the opportunity to win stickers, while those in the Loss condition lost stickers, making the expected
number of stickers at the end of the familiarization trials different between the two conditions. It should be noted that the test trials did
not involve winning or losing any actual stickers — just selecting the spinner they would prefer to spin — making it unlikely that the
differences in the familiarization trials impacted our results. However, future work should be careful to ensure that all trials in the gain
and loss conditions have similar expected values.

In conclusion, we replicate previous evidence of a whole number bias during proportional reasoning tasks in 6-9-year-old children
(Hurst & Cordes, 2018a). Younger children (3-5 year olds) also showed evidence of a similar, yet weaker bias. Importantly, the
proficient counters in our sample did not show a whole number bias, suggesting this bias may emerge from another aspect of
development; potentially children’s increasing experience with formal schooling that makes number a salient cue during proportional
reasoning tasks (see also Hurst & Cordes, 2018a). Finally, we found evidence that framing a task in terms of losses weakened the
presence of a whole number bias, extending past work demonstrating that framing impacts children’s performance on complex math
tasks. Given that this is the first study of its kind to investigate how framing may impact proportional reasoning, we believe that the use
of gain or loss framing to motivate children’s success on challenging math tasks remains a relevant topic of investigation.
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Appendix A. Description of trials

Table Al
Proportion comparisons for the computer task.

Discrete Trials

Left Stimulus Right Stimulus Trial Type
5/10 4/5 Misleading
3/4 6/9 Misleading
2/4 3/9 Misleading
4/10 2/3 Misleading
4/8 2/6 Consistent

6/8 2/3 Consistent

4/8 8/10 Consistent

2/5 6/9 Consistent

Continuous Trials

Left Stimulus Right Stimulus

5/10 4/5

5/7 8/9

4/9 1/5

1/3 2/9

3/6 5/8

2/6 5/8

3/5 4/9

2/3 3/9

Appendix B. Protocol script
Gain Condition

“Today we are going to play a game with this spinner! I’'m going to give you some stickers, we’ll put them here.” [Researcher gives
child 3 stickers]. “Now, I'm going to spin this spinner and if it lands on red, you win a sticker, but if it lands on blue nothing happens.”
[Researcher spins the spinner]. “Ok, it landed here. What does that mean?” [Reseacher allows child to respond, corrects them if they
are incorrect, and completes the action of giving a sticker to the child if it landed on red, or doing nothing if it landed on blue. This
practice trial occurs twice. After practice trials are complete, the researcher moves the stickers to the side for the child to take home
later].
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“Now we’re going to see more spinners. Your job is to pick the spinner that will get you more stickers. Remember, if the spinner
lands on red, you win a sticker. If the spinner lands on blue, nothing happens.”

Loss Condition

“Today we are going to play a game with this spinner! I'm going to give you some stickers, we’ll put them here.” [Researcher gives
child 3 stickers]. “Now, I'm going to spin this spinner and if it lands on blue, you lose a sticker, but if it lands on red nothing happens.”
[Researcher spins the spinner]. “Ok, it landed here. What does that mean?” [Reseacher allows child to respond, corrects them if they
are incorrect, and completes the action of taking a sticker away from the child if it landed on blue, or doing nothing if it landed on red.
This practice trial occurs twice. After practice trials are complete, the researcher moves the stickers to the side for the child to take
home later].

“Now we’re going to see more spinners. Your job is to pick the spinner that will get you more stickers. Remember, if the spinner
lands on blue, you lose a sticker. If the spinner lands on red, nothing happens.”
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