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The influence of making predictions on the accuracy of numerosity estimates in elementary-

aged children 

Abstract 

Estimation supports the development of higher-level mathematical thinking and reasoning; 

however, has received relatively little research attention. We examined whether making 

predictions influences the accuracy of numerosity estimates in elementary-aged children, and 

whether the amount of information available to the estimator determines the accuracy of their 

subsequent estimate. The study was conceptualized on the basis of five different conditions 

for estimating, based on the contention that estimates will become more accurate as 

additional information becomes available to the estimator. To test this idea, the study utilized 

two tasks to examine the responses of Year 2 (Grade 2) and Year 6 (Grade 6) students (n = 

110) when using prediction-first and estimation-only strategies. Across both tasks, we found 

a direct linear relationship between the accuracy of students’ estimates and the amount of 

information available. Moreover, there was some evidence that being given an opportunity to 

make an initial prediction improved the accuracy of final estimates; however, these 

conclusions were tempered by task and age. Overall, our findings support a strategy 

sophistication effect, whereby the amount of information available to the estimator, and the 

ability to use that information effectively, increases the accuracy of the estimate. 

Keywords: elementary education; estimation; mathematical structure; prediction.  

Introduction and Background Literature 

It has been argued that estimation is the most frequently used quantitative process in our daily 

lives (Siegler & Booth, 2005). Estimation also appears central to the development of higher-

level mathematical thinking and reasoning (Rittle-Johnson et al., 2001). In recognition of its 
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importance, estimation has received increasing attention in National Council of Teachers of 

Mathematics standards and position statements since the 1980’s (e.g., NCTM, 2000). Yet this 

important process remains arguably under-emphasized in curriculum documents (e.g., 

Australian Curriculum; Russo, 2018), despite many school age children struggling to estimate 

with any proficiency (Siegler & Booth, 2005). For example, the idea of estimating a quantity, 

numerosity estimation, is not explicitly mentioned in the Australian curriculum (ACARA, 

2015). Moreover, relative to other quantitative abilities (e.g., counting) little is known about 

how estimation skills develop. Estimation has not been the focus of rigorous research 

attention until relatively recently (e.g., Alvarez et al., 2017), and numerosity estimation in 

particular remains under-researched (Verschaffel et al., 2007). The current study examines 

whether making predictions influences the accuracy of numerosity estimates in elementary-

aged children, and, more generally, whether the amount of information available to the 

estimator determines the accuracy of their subsequent estimate.  

Numerosity Estimation 

Numerosity estimation involves assigning a cardinal number to a discrete collection of 

objects (Siegler & Booth, 2005). For example, a child might be asked to estimate how many 

slices of bread there are in a loaf, how many jellybeans there are in a jar, or how many people 

are in attendance at a football match. Numerosity estimation also covers situations where a 

set of objects is presented in two dimensions and three dimensions, and circumstances where 

the objects are arranged regularly (e.g., peaches in a carton) and irregularly (e.g., peaches in a 

bowl). A small number of studies have focused on children prior to entering formal schooling 

(e.g., Baroody & Gatzke, 1991; Hunter-Fenner & Cannon, 2000); however, most numerosity 

estimation studies have been undertaken with elementary-aged children or adults (e.g., Crites, 

1992; Smith, 1999).  



Pre-Print Version Russo, Russo & MacDonald (2021) 3 

 

In their review of how numerical estimation develops, Siegler and Booth (2005) note that 

although we have a developing understanding about the strategy choices of children and 

adults to perform numerosity estimates when objects are regularly arranged, this only 

partially translates to irregular arrangements of objects. For example, decomposition, in this 

context a multiplicative estimation strategy involving estimating the number of objects in an 

area, and then multiplying the estimate by the number of areas of that size,i is, not 

surprisingly, more prevalent as a strategy when objects are arranged regularly than irregularly 

(Smith, 1999). However, one strategy that is highly relevant to numerosity estimation when 

objects are irregularly arranged is anchoring and adjustment, sometimes referred to as 

benchmarking comparison (Crites, 1992). 

Anchoring and Adjustment as a Strategy 

When confronted with uncertainty, adults frequently use heuristics, shortcut strategies 

sometimes referred to as ‘rules of thumb’, to guide them in decision-making (Kahneman & 

Egan, 2011). One heuristic that has been demonstrated to be particularly relevant to 

numerosity estimation is referred to as anchoring and adjustment (or benchmark comparison). 

This process involves making an initial estimate, or anchor, based on the information one has 

at hand, and then adjusting one’s estimate as more information becomes available. Although 

much of the early research into the anchoring and adjustment heuristic was with adults, there 

is some evidence that children apply a similar process when expected to make quantitative 

judgments under conditions of imperfect information. 

Smith (1999) undertook a study which involved 96 participants, comprising both elementary-

aged children (eight and ten year olds) and adults (college students), estimating the number of 

jellybeans in a jar. Prior to being asked to generate an actual specific estimate, half of 

participants were asked whether they thought there were more than 50 jellybeans in the jar, 

whilst the other half of participants were asked whether there were more than 250 jelly beans 



Pre-Print Version Russo, Russo & MacDonald (2021) 4 

 

in the jar. The actual number of jellybeans in the jar was 300. Participants given the lower 

anchor (adjusted mean = 192) made estimates significantly lower than participants given the 

higher anchor (adjusted mean = 347). This effect was consistent across all groups, and 

demonstrates that both children and adults are sensitive to an anchor, even if only introduced 

implicitly. Unfortunately, Smith’s (1999) study cannot shed light on whether the presence of 

either implicit anchor improved the accuracy of numerosity estimates as he did not include a 

third ‘no anchor’ group in his study design. However, his study does imply that the anchor 

and adjustment heuristic is actively used by children, as well as adults, and that it can be 

manipulated experimentally.  

Crites (1992) interviewed 36 skilled and non-skilled estimators across three grades (Grades 3, 

5, and 7) to explore the types of estimation strategies used by different children when 

confronted with numerosity estimation tasks involving varying degrees of regularity. 

Estimators were recruited from a larger pool of 401 students who had attempted a series of 

estimation tasks, and then stratified according to whether they were in the top-third for 

estimation accuracy (skilled estimators) or the bottom-third (non-skilled estimators). Crites 

found that anchoring and adjustment (referred to as ‘benchmark comparison’) was the most 

frequent strategy used by children in Grades 5 and 7, amongst both skilled and unskilled 

estimators. By contrast, visual inspection (referred to as ‘eyeballing’) was the most frequent 

strategy used by children in Grade 3, with anchoring and adjustment being the second most 

frequent strategy. Decomposition only emerged as a frequently nominated strategy 

(nominated in at least one-quarter of trials) amongst those older children (Grades 5 and 7) 

who were classified as skilled estimators. The only other strategy that arose with notable 

frequency was guessing, utilized in approximately one-sixth of trials amongst Grade 3 and 

Grade 7 students. It is worth noting that other research into numerosity estimation has 
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combined the guessing and visual inspection strategies under the broader label of 

perceptually-based strategies (Gandini et al., 2008; Siegel et al., 1982).   

Crites (1992) concluded that there was some evidence that strategy choice became more 

sophisticated as children mature and become more skilled estimators. Specifically, children in 

Grade 3 performed most poorly on estimation tasks, particularly on items involving larger 

quantities (greater than 250) and were the least likely to use more sophisticated strategies, 

such as decomposition. Interestingly, however, his data did not support the contention that 

children in Grade 7 were necessarily better estimators than children in Grade 5.   

Smith’s (1999) finding that numerosity estimation does not improve with age, at least when 

objects are presented irregularly, is perhaps surprising, and is at least somewhat inconsistent 

with data from the Crites (1992) study. It is also contrary to evidence into other dimensions 

of quantitative estimation (e.g., plotting numbers on a number-line), which reveals that 

performance on estimation tasks is highly sensitive to developmental phase, both in terms of 

the efficiency of strategy choice and strategy execution (Booth & Siegler, 2006; Opfer & 

Siegler, 2007). Smith contends that the irrelevancy of age as a factor is likely to be due to the 

absence of computational strategies (e.g., decomposition strategies) available to individuals 

when a set of objects lacks a regular structure. It would be interesting to attempt to replicate 

this finding across an alternative suite of irregular, numerosity estimation tasks. This is one of 

the purposes of the current study.  

Prediction in Mathematics Education 

Lim et al. (2010) suggest in their article reviewing the role of prediction in teaching and 

learning mathematics that “to predict is to declare in advance” (p. 600). Lim et al. (2010) 

describe predicting in mathematics as the verbal act of “declaring something before it 

happens or before it is known for sure” through mental action that tends to emphasize 
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“inferential reasoning” (p. 601). The authors note that there is tremendous variation in the 

amount of cognitive effort expended when engaged in such an act – “from a mere guess to an 

elaborate prediction” (p. 601). This cognitive effort depends on the purpose of the prediction, 

the knowledge of the person making the prediction and the “basis underlying the prediction” 

(p. 601). From this discussion, two aspects of prediction are worth emphasizing in the context 

of numerosity estimates and the current study. First, its temporal aspect; prediction involves 

expending some cognitive effort to try and anticipate an outcome in advance. Second, its 

information aspect; prediction invariably involves making judgements using reasoning under 

conditions of uncertainty or imperfect information.    

Prediction has also been linked to learning across a variety of mathematical domains. Perhaps 

most frequently, prediction is a strategy pursued in the context of data collection and 

interpretation, such as when making predictions about a population, or within the domain of 

chance and probability, for example, when predicting the likelihood of an event (Charles & 

Carmel, 2005). However, prediction is also highly relevant to learning algebra, including 

thinking about and exploring linear and exponential functions (Kasmer & Kim, 2012).  

Recently, the notion of prediction has featured in the Visualize, Predict, Check heuristic, a 

teaching tool to support the development of spatial reasoning in mathematics classrooms 

(Lowrie, Logan, & Hegarty, 2019). Within this heuristic, the Predict phase involves 

attempting to prompt respondents “to anticipate the outcomes of particular action(s) on a 

spatial configuration prior to conducting physical/concrete manipulations” (Patahuddin, 

Rokhmah, & Ramful, 2020, p. 310).). In practice, the Predict phase seems to function as an 

opportunity for students to translate their visualizations into a form that can be communicated 

to others (e.g., diagram).  

More generally, incorporating prediction into mathematics activities is contended to generate 

positive impacts on student learning through a variety of mechanisms including activating 
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prior knowledge (Hegarty, Kriz, & Cate, 2003), enhancing motivation to engage in the task 

(White & Gunstone, 1992), stimulating interest, prompting mathematical connections and 

promoting visualisation (Kim & Kasmer, 2007). For example, the opportunities to make 

predictions during the launch phase of the lesson when learning about linear and exponential 

functions appears to support students to visualize the problem, focus their attention on 

making sense of the problem context, and make connections to relevant mathematical ideas 

(Kasmer & Kim, 2012). Kasmer and Kim (2012) conclude that prediction seems to be a 

highly valuable activity in mathematics, and call for more research to better understand the 

effect of prompting students to make predictions in a variety of contexts. To the best of our 

knowledge, the current study is the first to examine the value of making predictions in the 

context of students making numerosity estimates. 

The Current Study: Prediction as a Low-information Estimate 

Building from Lim et al. (2010)’s description, in the context of numerosity estimates, 

prediction might be distinguished from estimation by focusing on its temporal aspect; 

predictions can be viewed as a priori estimates made before an event has taken place. This is 

akin to a child indicating, for example, how many jellybeans might fit into a jar before the jar 

has been filled with jellybeans. However, an alternative means of distinguishing prediction 

from what we might understand as a typical numerosity estimate is to conceptualize 

prediction as an estimate made under conditions where little information is available. Figure 

1 presents five different conditions for estimating which vary by the amount of information 

that is available to the estimator. Condition 1 is the lowest information condition, where the 

estimator has to make an estimate before they have seen the relevant materials. Condition 2 is 

what might be viewed as a traditional prediction, where materials are visible but the event to 

be estimated has not yet occurred. Condition 3 maps on to what Siegler and Booth (2005) 

describe as a numerosity estimate of irregularly arranged objects. Condition 4 is a numerosity 
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estimate of irregularly arranged objects after the individual has had an opportunity to count a 

subset of the collection (e.g., a handful of jellybeans). Condition 5 is equivalent to what 

Siegler and Booth (2005) refer to as a numerosity estimate of regularly arranged objects. A 

common sense contention is that estimates will become more accurate as additional 

information becomes available to the estimator, under the proviso that the estimator has 

access to strategies to exploit this additional information. For example, we would expect that 

most adults and older children would improve their estimate substantially if they moved from 

Condition 3 to Condition 4 or Condition 5, because they would likely gain access to the 

decomposition strategy, viewing the estimation problem as having a multiplicative structure. 

Younger children unfamiliar with multiplication would be unlikely to improve their estimates 

following the same transition, due to their inability to effectively take advantage of this 

additional information. This is linked to younger students' more limited capacity to reason 

multiplicatively - in this instance, to make sense of, recognize and flexibly construct 

composite units to solve problems - due to the level of abstraction involved (Downton & 

Sullivan, 2017). 

Two questions arise when considering the model presented in Figure 1 in the context of the 

current discussion. These will serve as research questions to guide the current study.ii  
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Figure 1. Five information conditions under which numerosity estimates might take place. 

Research question 1: Are estimates made under a lower information condition (Condition 1, 

Condition 2) less accurate than estimates made under a higher information condition 

(Condition 3, Condition 4); and does the age of the estimator moderate this relationship? 

An initial purpose of this study, stated as our first research question, was to test the 

proposition that estimates do in fact become more accurate as more information becomes 

available to the estimator. It is expected that the greater the access to information, the more 

accurate participant estimates will become. However, whether this information effect 

becomes less or more pronounced with age remains an open question.  

On the one hand, it might be that older children’s greater experience with such tasks will allow 

them to form more accurate estimates under low information conditions, limiting the extent to 

which their estimates improve when they have access to additional information. Their threshold 

level of information for formulating an accurate estimate is likely to be lower than the 

equivalent threshold for younger children. We might refer to this as a saturation effect. It 
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implies that younger children will benefit more from making estimates under higher 

information conditions than older children.  

On the other hand, there is evidence that older children can utilize more sophisticated 

estimation strategies, such as decomposition, when additional information becomes available, 

but that younger children cannot (Booth & Siegler, 2006; Crites, 1992). The contention is that 

altering the problem context through increasing the amount of information might result in 

strategy transformation for those older children who have access to these more sophisticated 

strategies, and thereby improve the accuracy of their estimates. By contrast, younger children 

might be able to execute a given strategy more efficiently if they gain access to additional 

information, but additional information cannot prompt strategy transformation if they do not 

have some mastery of this strategy to begin with. We might refer to this as a strategy 

sophistication effect. It instead implies that older children will benefit more from making 

estimates under higher information conditions than younger children.  

Research question 2: Does the opportunity to make multiple, sequential estimates as additional 

information becomes available (Condition 1 to Condition 2 to Condition 3 to Condition 4) lead 

to the generation of more accurate final estimates compared with individuals who make a single 

estimate under a higher information condition (Condition 3, Condition 4)? 

An additional purpose of the current study, as put forward in our second research question, 

was to examine whether the act of making predictions improves the accuracy of subsequent 

estimates. There are at least two competing arguments worthy of consideration.  

First, it might be that the act of prediction evokes an explicit comparison that would not be 

otherwise available to the participant under the estimation-only condition. The participant is 

able to evaluate their previous prediction against a concrete quantity, and put forward an 

estimate that reconciles any discrepancy. The contention is that this act of comparison 
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improves decision-making, a claim that is consistent with broader empirical evidence that 

opportunities to make comparisons supports learning across many domains (Rittle-Johnson & 

Star, 2011). Support for this idea could be gleaned from evidence that the prediction-first 

group generated more accurate estimates than the estimation-only group. We might label this 

mechanism a positive anchor and adjustment effect.  

Alternatively, if we conceptualize the act of making a prediction as effectively serving as a 

preliminary estimate, it may indeed be that the child’s subsequent estimate is influenced by 

this initial benchmark. However, given that this initial estimate was formulated under 

conditions where little information was available, it may be that the act of prediction serves to 

mislead the participant through encouraging them to attend to less relevant information. This 

relates to the idea that estimates are mutually constraining, and that estimation error can be 

carried forward from trial to trial (Alvaarez et al., 2017). We might label this mechanism a 

negative anchor and adjustment effect.  

To address these two research questions, participants were randomly allocated to one of two 

groups, an estimation-only group, and a prediction-first group and completed two estimation 

tasks. The accuracy of their numerosity estimates under different conditions was examined. 

Theoretical Framework 

While numerosity estimation has received relatively little research attention, theoretical 

guidance is provided by the corpus of literature focusing on computational estimation. 

Existing work in this area has largely attended to the developmental progression of children’s 

ability to estimate (e.g. Ganor-Stern, 2016; LeFevre, Greenham, & Waheed, 1993; Lemaire & 

Lecacheur, 2011); typically aligning with a neo-Piagetian view of children’s mathematical 

development (e.g. Case & Sowder, 1990). As explained by Case and Sowder (1990), a neo-

Piagetian view posits that: “(a) children's knowledge is not just passively received but is 
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actively constructed via a set of internal epistemic operations; (b) these operations are 

organized, that is, they possess an internal structure; (c) different levels of structural 

organization can be identified that transcend any particular cognitive domain; (d) structures at 

higher levels are assembled via the coordination of lower level structures; and (e) there is an 

age-related "upper boundary" to the level of structure children can assemble at any age, even 

under optimal environmental circumstances” (p. 82). Informed by this theoretical position, 

Case and Sowder (1990) expressed a series of six sub-stages of estimation; namely: 

1. Computing single-digit sums or making single-column nearness judgments (about 6 

years of age); 

2. Mentally computing double-digit sums or making two-column nearness judgments 

(about 8 years of age); 

3. Computing double-digit sums in which some form of carrying or regrouping is 

necessary (about 10 years of age); 

4. Multi-digit sum estimation (about 11 or 12 years of age); 

5. Keeping track of two running, rounded totals (about 13 to 15 years of age); and 

6. Bringing about a compensation between two running, rounded totals for numerals 

with any number of columns (late teens). 

This model was of interest to the present study because: a) it suggests a developmental 

progression for “nearness” judgments; b) it delineates estimation skills for particular age 

groups; and c) it indicates that this progression develops from about 6 years of age. Indeed, in 

terms of how the Case and Sowder (1990) model maps on to the age of our study participants, 

Year 2 (Grade 2) students (7-8 year olds) can be expected to be at computational estimation 

substage 2 and Year 6 (Grade 6) students (11-12 year olds) at substage 4; effectively two sub-

stages apart. Importantly, the Case and Sowder (1990) model is consistent with claims in the 
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numerosity estimation literature that young children (e.g., Year 2 students) may struggle to 

take advantage of the additional structure made available to them because they have not yet 

developed the skills/ knowledge to do so (e.g. Crites, 1992; Opfer & Siegler, 2007).  

 Method 

Participants 

Participants were 110 students (56 boys, 54 girls) from Year 2 (n = 64) and Year 6 (n = 46) 

enrolled in two state government schools in Melbourne, Victoria. The mean age of 

participating Year 2 students was 8.28 years, and the mean age of participating Year 6 

students was 11.74 years. Consent to participate in the study was obtained from both 

participants themselves and a parent/ guardian. 

Procedure 

Children worked through a series of activities with the researcher in a one-to-one setting, 

outside of the classroom. Before beginning, a child was randomly allocated to either the 

prediction-first group or the estimation-only group based on a coin toss. Some additional 

tasks were included in the latter stages of the interviews that were outside the scope of the 

current study. On average, the interview took 15 minutes to administer (Range: 9-23).  

The first activity, referred to as the Teddies Task, was adapted from the Early Years 

Numeracy Interview (Clarke et al., 2002). The task was chosen because this assessment 

interview, and the associated Teddies Task, is well known in an Australian mathematics 

education context, thereby increasing the transparency and replicability of our study design. 

We also wanted to choose one task in which the magnitude of the numbers was comfortably 

in the range of (almost) all potential study participants.  The process for the prediction-first 

group is outlined in Table 1 below. 

Table 1 
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Teddies Task: Prediction First Group 

Step Description 

1 Ask the child: “How many teddy counters do you think might fit inside a cup, if the 

cup is filled up right to the top?” (equivalent to Condition 1; see Figure 1) 

2 Show the child the teddies and get the cup (note the cup is not transparent). 

3 Ask the child: “How many teddies do you think this cup would hold if it was filled 

up right to the top?” (Condition 2) 

4 Instruct the child: “Please take a big scoop of teddies”. If necessary say… “Please 

put a few more teddies in to fill up the cup”. The cup should be full and contain 

more than 10 teddies. 

5 Instruct the child: “Hold them in front of you… Tell me how many teddies you think 

are in the cup.” (Condition 3) 

6 Instruct the child: “Please check to find out”. If the child takes the teddies out of the 

cup one by one say: “Please tip the teddies out to check”. 

7 Ask the child: “How many teddies are there?” 

The estimation-only group Teddies Task includes Step 2 and Steps 4 to 7 (i.e., Steps 1 and 3 

are ignored). The median actual number of teddies in the cup was 31. The mean was also 31.0 

(SD =  2.9).  

The second task involves getting students to estimate how many beans fit into a container. 

This task was chosen due to its similarity with other numerosity estimation tasks outlined in 

the literature (e.g., the Jelly Bean task; Smith, 1999), again adding to the transparency and 

comparability of our study. To contrast with the Teddies Task, we also wanted this second 

task to involve numbers of a magnitude that many of our Year 2 participants would likely 

find challenging. The process for the prediction-first group is outlined in Table 2. 

Table 2 

Beans Task: Prediction First Group 

Step Description 

1 Ask the child: “How many beans do you think might fit inside a jar, if the jar is 

filled up right to the top?” (Condition 1) 

2 Show the child the beans and get the jar (note the jar is transparent). 

3 Ask the child: “How many beans do you think this jar would hold if it was filled up 

right to the top?” (Condition 2) 

4 Show the child a second jar full to the top with beans. Instruct the child: “Hold the 

jar in front of you… Tell me how many beans you think are in the jar.” (Condition 

3) 

5 Instruct the child: “You can now take a big handful of beans out of the jar and count 

them”  
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6 Ask the child: “I am going to ask you again: How many beans do you think this jar 

held when it was filled up right to the top?” (Condition 4) 

The estimation-only group Beans Task includes only Steps 4 to 6 (i.e., Steps 1, 2 and 3 are 

ignored). The number of beans in the jar was 1150.  

Data Analysis 

Quantitative data was analyzed using SPSS Statistics, Version 25. The dependent variable for 

most of the analyses were respective student difference scores on each of the two tasks under 

the respective conditions. In the remaining cases, the dependent variable was categorical as 

student estimates were classified as highly accurate (estimate within 20% of the actual 

amount), accurate (between 20% and 50%), and inaccurate (more than 50%).  

Difference scores were calculated by subtracting an estimate under a given condition from 

the actual amount present, and taking the absolute value of this difference. In the case of the 

Beans Task, the actual amount present was 1150, corresponding to the number of beans in the 

jar. In the case of the Teddies Task, the actual amount depended on how many teddies the 

student had scooped in their cup (M = 31.0, SD = 2.9).  

Most of the resulting distributions of difference scores were substantially positively skewed, 

a result of estimates that were in some cases orders of magnitude outside of the actual 

amount. This was particularly the case for the Beans Task. Due to the non-normal distribution 

of these difference scores, it was decided to employ non-parametric analytical tools 

throughout, and focus on median difference scores (MDS). When examining differences 

within groups under different information conditions, the Related-Samples Wilcoxon Signed 

Rank Test was used. When examining differences between groups, the Independent Samples 

Mann-Whitney U Test was used.  
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Results 

Research Question 1 

To examine whether student estimates became more accurate as additional information 

became available, a Related-Samples Wilcoxon Signed Rank Test was employed on 

difference scores for each of the two tasks.  

Teddies Task 

When estimating the number of teddies in the cup, Year 2 student estimates became more 

accurate as additional information became available, with their estimates improving from 

when they made a blind prediction (Condition 1, MDS = 17) compared with when they made 

a prediction with the teddies in view (Condition 2, MDS = 11; p < 0.01). Likewise, Year 2 

student estimates further improved when they were given an opportunity to formulate an 

actual estimate once they had scooped the teddies into the cup (Condition 3; MDS = 5; p < 

0.01). A similar pattern of results was evident for Year 6 students (Condition 1, MDS = 18 vs 

Condition 2, MDS = 12; p < 0.05. Condition 2, MDS = 12 vs Condition 3, MDS = 6.5; p < 

0.01). Results of this analysis are summarized in Figure 2.  

 

Figure 2. Teddies Task: Median difference scores for estimates under different information 

conditions for Year 2 and Year 6 students.  

From viewing Figure 2, it is apparent that both Year 2 and Year 6 students were able to 

improve their estimates by a similar amount as additional information became available, and 
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that both groups generated similarly accurate estimates under each of the three conditions. 

Indeed, there were no significant differences between the accuracy of Year 2 and Year 6 

students’ estimates under any of the three information conditions during the Teddies Task 

(Condition 1, p > 0.05. Condition 2, p > 0.05. Condition 3, p > 0.05).  

Beans Task 

When estimating the number of beans in the jar, Year 2 student estimates again became more 

accurate as they gained access to additional information. First, their estimates improved when 

they made a prediction with the beans and the jar in view (Condition 2, MDS = 1035) 

compared with when they made a blind prediction (Condition 1, MDS = 1098.5; p < 0.01). 

Year 2 student estimates then further improved when they were given an opportunity to 

formulate an actual estimate once they had viewed the entire jar full of beans (Condition 3; 

MDS = 996.5; p < 0.01). Finally, an opportunity to revise how many beans were in the jar 

after enumerating a handful of beans yielded an even more accurate estimate (Condition 4; 

MDS = 950 p < 0.01).  

Similar results were evident for our sample of Year 6 students, although it is worth noting 

that the transition from viewing the beans and the jar (Condition 2) to formulating an estimate 

with the beans in the jar (Condition 3) did not result in a statistically significant improvement 

in students estimates (Condition 1, MDS = 1082.5 vs Condition 2, MDS = 950; p < 0.01. 

Condition 2, MDS = 950 vs Condition 3, MDS = 900; p > 0.05. Condition 3, MDS = 900 vs 

Condition 4, MDS = 670; p < 0.05.). The analysis is graphically presented in Figure 3. 
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Figure 3. Beans Task: Median difference scores for estimates under different information 

conditions for Year 2 and Year 6 students.  

Figure 3 suggests that whilst Year 2 students were able to make consistently moderate 

improvements in their estimates as they gained access to more information, Year 6 students 

made more dramatic improvements at two transitions: from making a blind prediction 

(Condition 1) to making a prediction with the beans and jar in view (Condition 2), and when 

making their actual estimate (Condition 3) to revising their estimate after enumerating a 

handful of beans (Condition 4). This resulted in Year 6 students generating more accurate 

estimates than their Year 2 counterparts under the last three information conditions 

(Condition 1, p > 0.05. Condition 2, p < 0.01. Condition 3, p < 0.05. Condition 4, p < 0.01). 

The particularly dramatic improvement in the accuracy of Year 6 student estimates after the 

handfuls activity vis-à-vis Year 2 students might imply that at least some of these older 

students transformed their estimation strategy in some way.  

Research Question 2 

To examine whether the act of making predictions improves the accuracy of subsequent 

estimates, the Independent Samples Mann-Whitney U Test was utilized to compare 

difference scores for each of the two tasks separately for Year 2 and Year 6 students.  
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Teddies Task 

Results of this analysis found some support for the notion that the distribution of absolute 

difference scores was not the same across the two groups (see Figure 4). Specifically, Year 2 

participants in the prediction-first group (MDS = 5) generated more accurate final estimates 

of the number of teddies in the cup than Year 2 participants in the estimation-only group 

(MDS = 9.5; p < 0.05). Interestingly, these differences did not hold for Year 6 students, 

where there were no statistically significant differences between the prediction-first group 

((MDS = 6.5) and the estimation-only group (MDS = 7.5; p > 0.05). 

 

Figure 4. Teddies Task: Median difference scores in estimates across groups by year level.  

This pattern of results is confirmed when considering the percentage of students that made 

highly accurate (within 20% of the actual amount), accurate (20% to 50%), and inaccurate 

(greater than 50%) estimates across the two groups. This analysis is displayed in Figure 5. 

Year 2 students in the prediction-first group (53%) were more likely to make a highly 

accurate estimate than Year 2 students in the estimation-only group (28%), and less likely to 

make an inaccurate estimate (6% vs 22%). Statistical analysis (two-sided Fisher's exact test) 

confirmed that the tendency for students in the prediction-first group to be more likely to 

make a highly accurate estimate and less likely to make an inaccurate estimate was unlikely 

due to chance alone (p < 0.05, Fisher's exact test). Interestingly, these trends were also 
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evident for Year 6 students with regards to being less likely to make an inaccurate estimate 

(4% vs 23%) and slightly more likely to make highly accurate estimates (54% vs 45%); 

although these differences were not statistically significant (p > 0.05, Fisher's exact test). 

  

Figure 5. Teddies Task: Students (%) making accurate estimates across groups by year level.  

Beans Task 

This analysis was repeated for the Beans Task, however there were no notable differences 

between groups (see Figure 6). Year 2 students in the prediction-first group (MDS = 996.5) 

made estimates of the number of beans in the jar that were not significantly different in their 

accuracy from estimates made by students in the estimation-only group (MDS = 950; p > 

0.05). Similarly, for Year 6 students, there were no statistically significant differences in the 

accuracy of estimates between the prediction-first group (MDS = 900) and the estimation-

only group (MDS = 908; p > 0.05). 
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Figure 6. Beans Task: Median difference scores in estimates across groups by year level.  

Indeed, the Beans Task was characterized by most participants in both groups making highly 

inaccurate estimates (see Figure 7). Although there is some suggestion that students were 

somewhat less likely to make an inaccurate estimate in the estimation-only group than the 

prediction-first group, particularly for Year 2 students (84% vs 97%), it is worth reiterating 

that these differences were not statistically significant (p > 0.05, Fisher's exact tests). 

.  

 Figure 7. Beans Task: Students (%) making accurate estimates across groups by year level.  

Discussion 

Our first research question examined whether estimates made under a lower information 

condition were less accurate than estimates made under a higher information condition, with 

two acts of prediction (Blind Prediction, Condition 1; Viewing Prediction, Condition 2) 

constituting the two lowest information estimation conditions. Across both tasks, we have 
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found a direct linear relationship between the accuracy of students’ estimates (the median 

difference score), and the amount of information available to the estimator. This finding is 

consistent with the model presented in Figure 1, and provides support for the contention that 

predictions concerning how many objects there might be in a hypothetical set can be 

construed as low-information numerosity estimates. Moreover, there were some interesting 

differences between Year 2 and Year 6 students across the two tasks that are worth 

considering further. 

For the Teddies Task, both Year 2 and Year 6 students consistently improved the accuracy of 

their estimates as more information became available. Interestingly, there were no notable 

differences in the accuracy of the estimates between the two groups under any information 

conditions. This finding implies two possible corollaries. First, Year 2 students are just as 

familiar as Year 6 students with this type of estimation task, as gleaned from the groups 

equally (in)accurate estimates when making predictions about the amount of teddies 

potentially in the cup (i.e., estimating under Conditions 1 and 2). This undermines the 

presence of a saturation effect, the argument that the potentially greater familiarity of Year 6 

students with a task would mean diminishing returns to accessing more information vis-à-vis 

Year 2 students (manifesting in the slope in Figure 2 being relatively flat for Year 6 students). 

Secondly, Year 2 students were able to employ equally sophisticated estimation strategies as 

their Year 6 counterparts for the Teddies Task, or that their less sophisticated strategies were 

equally effective. In either case, this suggests that the more sophisticated decomposition 

strategies likely available to Year 6 students were not able to be exploited through a task of 

this structure and magnitude, undermining a potential strategy sophistication effect.  

For the Beans Task, although both Year 2 and Year 6 students improved the accuracy of their 

estimates as the level of information available increased, the Year 6 improvement was more 

dramatic, particularly after the handfuls activity (Condition 4). This pattern of results 
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suggests that Condition 4 facilitated strategy transformation for Year 6 students, who were 

able to use their more developed multiplicative thinking after the handfuls activity to partition 

the collection in a meaningful manner. This pattern of results is consistent with the outlined 

strategy sophistication effect. It is supported by literature that suggests that the ability to 

appropriately apply decomposition strategies when the problem structure permits is 

developmental, and highly contingent on prior mathematical knowledge (Booth & Siegler, 

2006; Crites, 1992; Opfer & Siegler, 2007).  

Smith (1999) has suggested that when objects are presented irregularly, the capacity of 

students to formulate an accurate estimate does not improve notably with age. Our findings 

offer some support for his conclusion, although suggest that, in addition to the structure of the 

task (i.e., regular vs irregular arrangement of objects), the size of the quantities involved are 

important. When the median quantity of 30 was within the range of everyday experience for 

both Year 2 and Year 6 students (e.g., the number of children in a classroom; the number of 

players on a football field; the number of books on their shelf), such as in the case of the 

Teddies Task, most students were able to generate accurate or highly accurate estimates. An 

extra four years of schooling did not appear to improve accuracy. By contrast, when the size 

of the quantity was outside the everyday experience of most elementary age children, most 

children struggled to formulate accurate estimates regardless of age, although we did detect 

some modest differences between the accuracy of Year 6 student estimates and those of Year 

2 students. However, these differences between age groups were magnified significantly 

when the level of information available crossed a threshold; that is, moving from Condition 3 

to Condition 4. Arguably, under Condition 4, that is, estimating the number of beans after the 

handfuls activity, the Beans Task no longer meets the definition of an irregular collection of 

objects. We might augment Smith’s (1999) conclusion and state that the age of the estimator 

becomes important when tasks are irregularly structured only when the quantities are outside 
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of a student’s everyday experience; however, the age of the estimator is far more important 

when estimating more regularly structured quantities.  

There is an important caveat to the notion that the age of the estimator does not impact the 

accuracy of estimates for irregularly structured tasks involving around 30 objects. In 

particular, both the Year 2 and Year 6 groups in our study were notably more accurate than 

the eighteen gifted kindergarten students in the Baroody and Gatzke (1991) study (median 

age = 5.67 years) who estimated similar quantities, albeit in only two dimensions (i.e., dots 

scattered across a page). These students, despite being identified as highly capable for their 

age, seemed to be far less comfortable estimating quantities of this size than, for example, the 

Year 2 students in our study (median age = 8.28 years). Taken together, this offers some 

support for the notion that a certain age-related developmental stage is necessary to 

accurately estimate two-digit quantities, paralleling the Case and Sowder (1990) 

developmental framework for computational estimation (i.e., the transition from estimation 

substage 1 - established at approximately six years of age, to estimation substage 2 - 

established at approximately eight years of age).   

Our second research question considered whether the opportunity to make multiple, 

sequential estimates as additional information becomes available (the prediction-first group) 

leads to the generation of more (or less) accurate final estimates compared with individuals 

who make a single estimate under a higher information condition (estimation-only group). 

We found some support for the notion that being able to make predictions improves the 

accuracy of final estimates, however these conclusions were again tempered by the nature of 

the task and the age of the students. 

Specifically, Year 2 students in the prediction-first group generated more accurate final 

estimates than students in the estimation-only group when undertaking the Teddies Task. 
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Moreover, the direction of change for Year 6 students was the same, although the difference 

between the two groups was not statistically significant in this case. This implies that for the 

Teddies Task, there was some evidence of a positive anchor and adjustment effect. The 

contention is that students were able to refine their estimates through using successive 

comparisons as implicit or explicit benchmarks, and is consistent with the broader claim that 

the act of making comparisons can support learning (Rittle-Johnson & Star, 2011). These 

findings were not replicated for the Beans Task, where there were no significant differences 

between the two groups. Again, this may be due to differences in the quantities involved, and 

the aforementioned fact that the Beans Task was outside the everyday numerosity estimation 

range for elementary-aged students.  

It is worth noting a potential alternative explanation for the superior performance of the Year 

2 prediction-first group on the Teddies Task compared with the estimation-only group. 

Specifically, it might be that making a prediction leads to the student deploying attentional 

resources such that they attend more closely to the subsequent estimation activity, even 

though they effectively disregard the contents of their initial prediction as a low-information 

estimate. This would imply that the act of prediction would improve their capacity to estimate 

quantity accurately, however that the anchoring and adjustment effect would not be 

responsible for this improved accuracy. We might refer to this as an attention effect. The 

contention is that the act of making predictions might improve estimates indirectly, through 

making the activity more salient, and therefore worth attending to closely. This alternative 

interpretation is consistent with the claim that the act of making predictions stimulates 

curiosity and interest (Brod et al., 2018; Kim & Kasmer, 2007). However, it is important to 

note that there is only limited empirical support for the contention that numerosity estimates 

are influenced by the quality of attention given to the task. This contrasts with tasks requiring 

precise computation (e.g., subitising), where attention effects are large (Anobile et al., 2016).   
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One potential means of distinguishing between a positive anchor and adjustment effect and 

an attention effect might be to introduce an additional condition into the experiment that 

incentivized attention. For example, a future study might manipulate students’ incentive to 

attend to the task by rewarding highly accurate estimates under one of the experimental 

conditions. This reward could be consistent with the experimental condition to make the task 

salient (e.g., students making highly accurate estimates could win a jar of jelly beans).  

Conclusions and practical implications 

This study aimed to examine whether making predictions influences the accuracy of 

numerosity estimates in elementary-aged children, and, more generally, whether the amount 

of information available to the estimator determines the accuracy of their subsequent 

estimate. Informed by a conceptualization of five different conditions for estimating, the 

study utilized two tasks to examine the responses of Year 2 and Year 6 students when using 

prediction-first and estimation-only strategies. Across both tasks, a direct linear relationship 

was found between the accuracy of students’ estimates and the amount of information 

available to the estimator. For the Teddies Task, both Year 2 and Year 6 students consistently 

improved the accuracy of their estimates as more information became available. However, for 

the Beans Task, although both groups improved the accuracy of their estimates as the level of 

information available increased, the Year 6 improvement was more pronounced.  

It should be acknowledged that the small sample size in this study limits the ability to 

generalize these findings; however we believe these findings lend evidence towards a 

suggested strategy sophistication effect. It should also be acknowledged that students in this 

study were not given an independent measure of mathematical ability, nor were they given 

any tests of working memory or other aspects of executive function, which may be relevant to 

attentional skills and to the ability to make multiple sequential estimates. Future studies could 
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include measures of mathematical performance and executive function in order to examine 

any relations between these skills and the sophistication of students’ estimation strategies. 

There are several implications of our findings relevant to educators of elementary-aged 

students. First, and perhaps most obviously, our investigation has emphasized the value of 

children gaining access to additional information when making estimates of irregular 

quantities. Specifically, our highest information conditions involved the physical acts of 

'scooping up the teddies' for the Teddies Task and taking a handful of beans to count for the 

Beans Task. When children are faced with the need to estimate an irregular quantity, they 

should be encouraged to use specific strategies to increase the information available to them 

and, hence, improve the accuracy of their estimates. Examples of strategies might include:  

1. Visibility: Is the entire collection of objects visible? What actions can I take to make 

more of the collection visible? 

2. Relative size: Can I find out how large each individual object is relative to some 

known benchmark (e.g., my hand)? (If a container is involved) Can I find out how 

large the container holding the objects is relative to some known benchmark? 

3. Chunking: Can I mentally reorganize the collection in any meaningful way so that 

some aspects of the collection can be ‘chunked up’? Do I have a way of accurately 

estimating or enumerating how many objects there are in one of these ‘chunks’? 

The chunking strategy is particularly relevant to enumerating large quantities, and is 

necessary to facilitate the accurate application of decomposition strategies when a collection 

of objects lacks a straightforward structure (e.g., an array). Educators might encourage upper 

elementary students in particular to use more sophisticated multiplicative strategies when 

estimating larger quantities through using this chunking strategy. In some instances, this 

might involve students applying both the benchmark comparison and decomposition 
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strategies identified by Crites (1992) to the same estimation task. For example, when 

estimating the number of leaves on a tree, a student may begin by counting the number of 

leaves on a part of one particular branch that is low enough to be accessible. They could then 

use this information to estimate the total number of leaves on the branch in question 

(applying decomposition). This initial estimate could then be adjusted to reflect a ‘typical’ 

branch (applying benchmark comparison), and eventually, this estimate could be multiplied 

by the number of branches on the tree to formulate an estimate of the total number of leaves 

(again, applying decomposition). To encourage the use of more sophisticated decomposition 

strategies when estimating larger irregular quantities amongst younger children, estimation 

skills should be practiced alongside the learning of multiplicative reasoning in early and 

middle years’ classrooms. 

Second, the Year 2 prediction-first group produced more accurate estimates on the Teddies 

Task compared with the estimation-only group. Whether this finding is primarily influenced 

by positive anchor and adjustment effects or attention effects is unclear from this study. In 

either case, this suggests there may be some value in children engaging with abstract thinking 

around an estimation task prior to engaging with the task itself, in order to improve the 

accuracy of estimates. The process of thinking about the estimation task in the abstract may 

prime the student to make more thoughtful, accurate estimates. One way to achieve this is for 

educators to promote open mathematical discussions as a prelude to estimation tasks, and to 

encourage students to visualize the estimation task to formulate a preliminary estimate (i.e., a 

prediction). Visualization has been noted as a critical strategy supporting mathematicians 

work in which students learning mathematics are often reluctant to engage in (Presmeg, 

2006). Part of this reluctance may reflect elementary school educators adopting pedagogical 

approaches, and pursuing curriculum objectives, that rarely require students to visualize 

(Rivera, 2011). Consequently, estimation tasks may provide a context where the act of 



Pre-Print Version Russo, Russo & MacDonald (2021) 29 

 

visualization can be seamlessly integrated into a classroom activity in a manner that improves 

students’ capacity to meaningfully estimate quantities, whilst simultaneously providing 

practice with a strategy that is of substantial value more generally when doing mathematics.  

Finally, from this study, it appears that if the size of a quantity is outside the everyday 

experience of elementary age children, they struggle to make accurate estimates regardless of 

age. This may suggest that there is benefit to exposing students to collections of larger 

quantities on a more regular basis throughout elementary school, even in the early years, in 

order to increase familiarity with what these quantities look like (supporting benchmark 

comparison) and to promote this aspect of number sense. Often larger numbers are introduced 

to students in the abstract, using place value representation, from an early age. However, the 

connection to physical quantities can be limited, particular irregular representations. There 

may be an opportunity for students of all ages to be exposed more frequently to both regular 

and irregularly organized quantities alongside the abstract representation of these numbers. 

These opportunities may not only improve estimation of larger quantities, but lead to a deeper 

understanding of the value of larger numbers in general. The information-based model of 

numerosity estimation presented in Figure 1, together with the findings from the current 

study, provide a compelling foundation for further research examining the impact of both 

regular and irregular representations of quantities on students’ ability to estimate quantities. 
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i To be consistent with the estimation literature, we refer to the term “decomposition” throughout this paper 

when discussing this idea, however within the mathematics education literature more broadly, the term 

multiplicative partitioning or equipartitioning would be considered more accurate.   
ii Note that Condition 5 was not considered in the current study. Indeed, in the context of the sorts of tasks we 

explored with our participants, Condition 5 remains essentially theoretical, as attempting to enact it would 

restructure the task in a manner that would undermine the flow of the interview, and actually change the 

nature of the task (e.g., moving from beans to cube-shaped beans). 


