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Computational estimation, typically construed as an approximate mental 

calculation of an arithmetical problem, is an important skill in everyday life 

and a wide range of professional contexts. Despite its importance, textbooks 

and curricula address it inadequately, with the consequence that many 

teachers are uncertain as to why and how they should teach it. In this paper, 

we present a narrative literature review that brings together the extensive 

research of the cognitive psychologists and the limited research of the 

mathematics educators to clarify the nature of computational estimation and 

its development. Focused initially on the strategies used in computational 

estimation before turning to children’s and adults’ computational estimation 

competence, the review shows that computational estimation, which develops 

over time, draws on a wide range of strategies reciprocally dependent on a 

secure understanding of numbers and arithmetic. It shows that the poor 

estimation competence of children and adults’ is susceptible to interventions, 

particularly with respect to addressing a common misconception that the 

purpose of computational estimation is the mental calculation of exact 

solutions.  
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For many everyday activities, due to its requiring less attentional 

resources and time (Ganor-Stern, 2018), computational estimation is often 

more practical than precise calculation (Bestgen et al., 1980). It is an essential 

life skill (Sekeris et al., 2019), particularly with respect to the evaluation of 

results produced by electronic calculators (Levine, 1982), dependent on both 

the maturity of the estimator (Lemaire & Brun, 2014) and the complexity of 

the task (Dowker, 1997). Computational estimation competence is not only 

implicated in mathematical learning generally (Seethaler & Fuchs, 2006; 

Xenidou-Dervou et al., 2018) but predicts later mathematical learning 

difficulties (Foegen, 2008; Jordan et al., 2003; Li et al., 2020). It has also been 

argued that estimation, along with reasoning in ratios and problem solving, is 

one of “the three most important types of mathematical thinking skills from a 

K-8 teacher perspective” (Sriraman & Knott, 2009, p.206). 

But what is computational estimation? Dowker (1992) describes it as 

“making reasonable guesses as to the approximate answers to arithmetic 

problems, without or before actually doing the calculation” (Ibid, p.45). 

Others, avoiding the ambiguity of guesswork, have equated estimation with 

approximation, as with Siegler and Booth’s (2005) assertion that it involves 

“approximating the correct magnitude rather than calculating the exact 

answer” (p. 199). In similar vein, Ainsworth et al. (2002) suggest it is “the 

process of simplifying an arithmetic problem using some set of rules or 

procedures to produce an approximate but satisfactory answer through mental 

calculation” (p.28). In general, while viewing estimation and approximation as 

synonyms, scholars construe estimation as the application of some form of 

systematic procedure rather than guesswork. This makes computational 

estimation unique among the various forms of estimation – computational, 

measurement, quantity and number line (Andrews et al., 2021) - in that two 

individuals applying the same procedures to the same problem will always 

arrive at the same estimation. 

Forty years ago, the superficial inclusion of computational estimation 

in mathematics curricula created a generation of students with limited 

estimational competence (Bestgen et al., 1980) and prompted the question; 

“Why is it that estimation is recognized by many as one of the most 

practically useful parts of the mathematics curriculum and yet remains 

perhaps the least effectively taught?” (Edwards, 1984, p.59). This problem 

persists with, at least in the context of the US, teachers rarely fostering 

estimation in their classrooms (Subramaniam, 2014), due to uncertainty as to 

why and how it should be taught (Joram et al., 2005). Moreover, while 

research has highlighted the need for interventions in the development of 

computational estimational competence (Peeters et al., 2016), the professional 

development of teachers may have been hampered by estimation being poorly 

addressed in textbooks (Hong et al., 2018) and the curricula within which they 

work, whether England, Northern Ireland, Wales or Scotland (Andrews et al., 

2021), Denmark, Norway or Sweden (Sunde et al., 2021). 
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By drawing together what researchers typically working in 

mathematical cognition have uncovered, we aim to make visible the 

computational estimation insights that have emerged from this work, 

especially for teachers and educators. Unlike the typical psychologists’ review 

(see Block et al., 1999; Sekeris et al., 2019; Siegler et al., 2009), our interest 

lies more in the outcomes of cognitive processes than the cognitive processes 

themselves. Our review has been guided by the following question:  

What has been learned from four decades of research on adults and 

children’s engagement with computational estimation? 

The methodological diversity and complexity of this computational 

estimation-related research, coupled with the novelty of our aim, implies a 

need for a narrative literature review (hereafter NLR). An NLR, as we discuss 

below, is especially useful for establishing the state of knowledge about a 

field, particularly one underpinned by diverse methodologies. 

 

Methods 

 

The NLR is conventionally the domain of scholars working in medical 

research. It is especially relevant when the reviewer’s goal is to establish the 

state of knowledge about a field, particularly when the analysed sources draw 

on diverse methodologies (Ali, 2018; Boyle et al., 2014; Cronin et al., 2008; 

Lloyd, 2013; Phillipson et al., 2016). NLRs differ from the narrow foci of 

traditional systematic reviews by dint of their comprehensiveness (Boyle et 

al., 2014; Collins & Fauser, 2005; Ferrari, 2015; Green et al., 2006; G. Waring 

et al., 2020). They have the potential to uncover issues hidden by conventional 

meta-analyses (Meglio & Risberg, 2011) and trace descriptively the 

development of a field (Collins & Fauser 2005; Ferrari, 2015; Minichiello et 

al., 2018). Moreover, while they have the potential to support practice, they 

are typically presented in ways that leave the reader to infer such implications 

(Phillipson et al., 2016; G. Waring et al., 2020) and importantly any gaps in 

the field. From the perspective of teaching and learning, NLRs may offer 

practitioners insights unlikely to be found in the reviews published in the US 

by the What Works Clearinghouse or in the UK by the Education Endowment 

Foundation. Their reviews, typically drawing explicitly on randomised 

studies, not only limit the well from which they draw but fail to acknowledge 

the importance of case study and the insights yielded by a critical mass of 

similar findings. Moreover, of particular relevance to this paper and further 

highlighting differences between an NLR and systematic reviews, Sekeris et 

al.’s (2019) review of the literature concerning the measurement, 

development, and stimulation of computational estimation in young children 

was limited by a precise set of objectives and a small pool of material from 

which to draw.  

Early healthcare-related NLRs, typically due to the novelty of their 

qualitative emphases, were criticised for a lack of replicable rigour (Cronin et 
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al., 2008). However, scholars have recently offered explicit guidance on the 

necessary procedures for completing an NLR (Ferrari, 2015; Gasparyan et al., 

2011; Green et al., 2006; Mooring, 2016), while others, as inferred from the 

structure of their articles, have acknowledged the same (Batbaatar et al., 2015; 

Hutzler et al., 2019; Kannisto et al., 2014; Minchiello et al., 2018; Romijnders 

et al., 2018; Shachak & Reis, 2009; Van Wyk et al., 2015). In essence, a good 

NLR will warrant the need for an investigation against clear and appropriate 

research questions. It will articulate not only a strategy for identifying articles 

but also criteria for their acceptance. It will explain the strategy for analysing 

the accepted literature, particularly from the perspective of keeping an open 

mind, and synthesise it in ways that allow key issues to emerge. Adherence to 

such procedures will minimise reviewer bias and the influence of 

preconceptions (Collins & Fauser, 2005). 

In the context of our review, a Google Scholar search on the phrase 

“computational estimation” anywhere in the text revealed 4330 titles. Most of 

these, of no relevance to this paper, referred to studies in which computational 

estimation was used as a tool in disciplines other than mathematics teaching 

and learning. For example, an early hit concerned the computational 

estimation of professional football players’ salaries (Yaldo & Shamir, 2017). 

Restricting the search to articles’ titles yielded 228 hits, each of which was 

evaluated against the following criteria. It should 

 be empirically-based, with articles presenting ‘tips for teachers’ 

excluded;  

 report on the development of computational estimation-related 

competence or the manifestation of children’s or adults’ computational 

estimation-related competence; 

 be transparently peer-reviewed; 

 be available as an English full text.  

These criteria reduced the number of articles to 83, a figure rising to 

107 when articles implicated by the 83 and satisfying the acceptance criteria 

were included. Each article was read and notes made concerning its 

computational estimation-related insights. This typically included our 

examining the material for target audience of the research, the approaches 

used, the outcomes and so on. These notes were read and reread with the aim 

of identifying and structuring the broad themes on which the following is 

based. Importantly, in line with the expectations of an NLR, our role was to 

avoid imposing any preconceptions in order to allow the material to speak for 

itself. A key aspect of this process, not least because the teaching and learning 

of mathematics is deeply culturally situated, was the need to present 

descriptive summaries and avoid highlighting any implications. 
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Results 

 

The process outlined above yielded three themes. These concern the 

 strategies employed in computational estimation;  

 development and manifestation of computational estimation in 

children; 

 computational estimation competence of adults. 

 

In the following we present a synthesis of the literature on each theme, 

followed by a discussion of those syntheses. However, as indicated earlier, we 

leave it to the reader to infer implications of relevance to him or her. 

 

Strategies of Computational Estimation 
Computational estimation draws on two cognitively different 

competences. On the one hand, estimators must create “a set of simple 

approximate numbers from the complex, exact ones that are given” before, on 

the other hand, “mentally computing the sum of these numbers in some 

fashion” (Case & Sowder, 1990, p.88). Several studies of computational 

estimation strategies (see e.g., Dowker, 1992; Dowker et al., 1996; Hanson & 

Hogan, 2000; LeFevre et al., 1993), tacitly acknowledging this duality, have 

drawn on the typology devised by Levine (1982). Her eight strategies, 

synthesised from various sources, are: 

 Fractions: treating 424×0.76 as 3/4 of 424;  

 Exponents: treating 0.47×0.26 as 5×10
-1

 × 3×10
-1

; 

 Rounding both numbers: treating 25410÷65 as 25000÷60; 

 Rounding one number: treating 93×18 as 93×20; 

 Powers of 10: treating 76×89 as 100×100; 

 Known numbers: treating 1293÷71 as 1300÷65, which yields a simple 

calculation; 

 Incomplete partial products: treating 25410÷65 as (25400÷60) plus 

(10÷5); 

 Proceeding algorithmically: treating 64.6×0.16 as 646×10 plus 646×6 

and adjusting the answer accordingly. 

Others have proposed truncation as an alternative to rounding, 

whereby digits to the right of a number are replaced by zeros, so that 463 

times 58 would become 400 times 50 (Lemaire et al., 2000). Interestingly, 

recent analyses of several European mathematics curricular documents found 

that the only estimation-related strategy mentioned was rounding as a learning 

outcome in its own right rather than as a support to estimation (Andrews et al., 

2021; Sunde et al., 2021). That being said, other studies of the early 1980s, 

typically investigating the strategies of competent estimators, have identified 

more general cognitive processes as a means of simplifying communication 

between researchers and, importantly, teachers. The best known of these is the 
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work by R. Reys, et al. (1982), which identified three such processes, which 

subsume Levine’s (1982) strategies. These are reformulation, where 

numerical data may be changed to create a more manageable form but which 

leaves the structure of the problem intact; translation, a process in which the 

structure of the problem is changed to produce a more manageable form, and 

compensation, a process where the estimator makes numerical adjustments 

prompted by translations or reformulations (R. Reys et al., 1982). These three 

processes have been shown to account for the strategies used by estimators of 

all ages in various cultural contexts; as shown in studies of Canadian adults 

and fourth, sixth and eighth grade students (LeFevre et al., 1993), Japanese 

fifth and eighth grade students (R. Reys et al., 1991), Kuwaiti primary and 

middle-school teachers (Alajmi, 2009), Mexican grade five and eight students 

(B. Reys et al., 1991), Turkish grade seven students (Boz & Bulut, 2012) and 

US grade three, five, seven and nine students (Sowder & Wheeler, 1989). 

These tendencies have been confirmed by a recent review of research on the 

computational estimation strategies of kindergarten and primary aged children 

(Sekeris, et al., 2019). Moreover, these studies have also shown how the 

majority of strategies employed by children can be subsumed under 

reformulation in ways that reflect an increasing sophistication and accuracy 

with age. 

 

The Computational Estimation of Children 

The following section, mainly due to the greater attention paid to it by 

researchers, is the most extensive. In order to facilitate the reader’s journey, it 

has been presented in three sub-sectioned, each of which addresses a different 

aspect of children’s computational estimation. 

 

Children’s Computational Estimation Competence 

Unsurprisingly, children’s computational estimation competence, 

whether additive (Lemaire & Lecacheur, 2011) or multiplicative (Liu, 2009) 

develops with age. An early interview study found, across the age range 11-

15, limited conceptions of estimation, with, for example, fewer than one fifth 

recognising that 789 x 0.52 is appropriately estimated by halving 800 

(Sowder, 1984). A later study found, across grades 3, 5, 7, and 9, a growing 

awareness of why estimation matters and an emergent recognition of the need 

to compensate for rounding errors, although the idea of rounding-then-

computing rather than computing-then-rounding was slow to develop (Sowder 

& Wheeler, 1989). Similar findings emerged from a study of children’s 

multiplicative estimation in grades 4, 6 and 8, whereby a cognitive shift 

seemed to occur at around grade 6 as children began to understand the role of 

simplification in their estimations (LeFevre et al., 1993). Other studies have 

found that eighth-graders are more competent estimators when working with 

integers rather than decimals and when tasks are additive rather than 

multiplicative (Rubenstein, 1985). Moreover, with respect to multiplication, 
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children are more efficient estimators when tasks are presented visually rather 

than orally (Liu, 2009), although Rubenstein (1985) found no difference 

between tasks presented symbolically and verbally. Finally, highlighting 

potential limitations in their learning experiences, children in grade 4 tend to 

equate estimation with guesswork, while by grade six they see it as rounding 

(LeFevre et al., 1993). 

Early cross-sectional studies of American children highlighted a 

problem for curriculum developers and teachers alike. Drawing on samples 

from national assessments, Carpenter et al. (1984) found, at ages 9, 13 and 17, 

that American children’s performance on computational estimation was 

significantly worse than their exact computation of the same problem. This 

was due, in part, to their being unable to perform the mental calculations 

necessary for successful estimation (Carpenter et al., 1984). Moreover, in their 

study of children in grades 3, 5, 7, and 9, Sowder and Wheeler (1989) found 

older children were uncomfortable with the processes of estimation, being 

particularly reluctant to accept the validity of multiple estimates. Sowder 

(1984) had previously argued that a major part of the problem was an 

educational experience that privileged correct answers, typically derived from 

the application of algorithms taught to produce correct answers. She 

commented that the “requirement that these problems be done without a 

pencil in hand was a difficult one for students to accept” (Sowder, 1984, 

p.335). Other studies have continued to highlight the problems students have 

in understanding computational estimation as an efficient alternative to an 

exact calculation. For example, in a study of Chinese third and fifth grade 

students’ multiplication-related estimation, Liu (2009) found that, while grade 

five students were better estimators than grade three students, the latter tended 

to exploit rounding-related strategies while the former resorted to the mental 

application of standard written algorithms, particularly when the distance 

between the unit of a number and its nearest decade was great. Similar 

findings have emerged from studies of Japanese fifth- and eighth-grade 

students, whose computational estimations not only improve with age but 

invoke the three general cognitive processes of reformulation, translation, and 

compensation. However, their tendency to use paper-and-pencil procedures 

mentally often interfered with the estimation process (R. Reys et al., 1991). 

Other studies have found that mathematical anxiety has limited impact on the 

accuracy of grade-four and grade-six Chinese students’ additive estimations, 

with, irrespective of anxiety level, both accuracy and speed improving with 

age. The important differences were that low anxiety students were more rapid 

and high anxiety students tended to employ rounding down (Si et al., 2016).  

With respect to their computational estimation strategies, a relatively 

early American study found that children in grades five through eight 

appeared conditioned to round numbers to the nearest leading power of 10, 

even when more efficient and accurate processes were available (Schoen et 

al., 1990). Over the last twenty years, much research on children’s 
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computational estimation-related strategies has been conducted by Lemaire 

and his colleagues in relation to French children’s strategies for estimating 

two-and three-digit addition problems. For example, Lemaire et al. (2000) 

investigated the free-choice estimation strategies of ten-year old children and 

found four dominant strategies, typically involving rounding and 

decomposition in different ways. However, the important findings were that 

children chose strategies adaptively and that “the fastest strategy was 

truncation and the slowest was compensation… (although) compensation 

yielded the most accurate estimates and rounding without decomposition and 

truncation yielded the least accurate estimates” (p.145). In similar vein, 

Lemaire and Lecacheur (2002) found, with respect to grade four and six 

children, that while estimations became more adaptive with age, rounding 

down remained the most commonly used strategy. More recently, Lemaire and 

Lecacheur (2011) confirmed that third, fifth and seventh grade students’ 

strategy choice and estimation accuracy improved with age. In addition to 

confirming increasing speed and accuracy, Lemaire and Brun’s (2014) study 

of third- and fifth-grade students, found the proportion of students using the 

same strategy decreasing with age. Moreover, when the time between 

successive tasks was lengthened, previously inefficient strategies were 

replaced by better ones, indicating that children were able to reflect on and 

adapt their approaches. Finally, Hammerstein et al. (2019), in a meta-

cognition-related study, examined third- and fourth-graders’ estimates in 

relation to their ability to keep track of relevant and irrelevant task 

components. They found that most children choose the more efficient strategy 

of two imposed strategy choices, but of the remainder, rounding down is more 

frequently chosen than rounding up. However, the key finding was children 

who are able to manage the different task components show higher levels of 

strategy flexibility, strategy adaptivity and strategy performance. 

Other studies, typically undertaken in East Asian contexts, have 

yielded complementary results. For example, Yang’s (2005) interview study of 

Taiwanese sixth-grade students found that “most of these students showed no 

estimation strategies and were inclined to simply use written algorithms” 

(Yang, 2005, p.331). This latter point seems to be deep-seated, with children 

frequently uncertain as to how to estimate. For example, R. Reys and Yang 

(1998) found that Taiwanese sixth grade students were not only significantly 

more competent with precise calculation than estimation but even tasks with 

an obvious benchmark failed to elicit its use. More recently, Yang and Wu 

(2012) examined the computational estimation strategies used by eighth-grade 

Taiwanese students when solving comparable contextual and numerical 

problems. They found that students completed successfully significantly more 

numerical problems than contextualised problems. In addition, they found that 

students employed reformulation, translation and compensation in 

significantly greater proportions for numerical problems than contextual. 

However, irrespective of problem type, students still tended to use algorithms 
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rather than the requested estimation. Koyama (1994) conducted a study of 

fourth-, fifth- and sixth- grade Japanese children and found, with respect to 

estimation to the division of 456 by 87, that few students in each grade were 

able to recognise that the ‘nice’ numbers 450 and 90 yielded an efficient and 

simply executed solution. On the other hand, Li et al. (2020) conducted a 

study comparing low-achieving and normally-achieving Chinese fifth- and 

sixth-grade students and found normally achieving students, with respect to 

estimations of two-digit addition problems, were more flexible and able to 

manage switching strategies than the low-achieving students, particularly with 

respect to rounding up. 

 

Children’s Computational Estimation and Researchers’ Methodologies 

Scholars have employed a variety of methodological approaches when 

researching children’s computational estimation. A number have exploited 

tasks involving reference numbers, whereby children are invited to estimate 

whether the result of a calculation would be greater or less than a given 

reference number. For example, Ganor-Stern (2016) found, with respect to 

fourth grade and sixth grade students and adults, that speed and accuracy 

increased with age. Also, estimations were more accurate across all ages when 

the true answer was greater than the reference number and when the reference 

number was far from the true answer. Moreover, with increasing age, the 

impact of near and far reference points with respect to speed and accuracy 

diminished. A later study, drawing on reference numbers and two-digit 

multiplication problems, found that accuracy tends to plateau at grade four, 

although response times continue to decrease into adulthood (Ganor-Stern, 

2018). In similar vein, a longitudinal study of grade one and grade two 

children found that a measure of computational estimation based on reference 

number tasks uniquely predicted children’s broader mathematical growth 

(Xenidou-Dervou et al., 2018). Furthermore, Caviola et al. (2012) found, from 

tasks whereby grade three and four children had to identify the closer of two 

given answers to the actual value of an addition problem, that estimations 

make greater demands on working memory than exact calculations. 

Other studies have exploited multiple choice tasks, whereby 

participants are invited to select one answer from several possibilities as an 

estimation to a given calculation. For example, LeFevre et al. (1993) 

examined children’s responses to multiple choice estimations of both pure 

number tasks and word problems. They found accuracy increased with age, 

although across grades accuracy diminished with increasing task complexity. 

Also, children in grade eight were more accurate estimating word problems 

than number problems, with the opposite being the case for those in grade six. 

Other investigations found computational estimation competence to be a 

robust indicator, across grades six through eight, of mathematics achievement 

in general, problem solving, and reasoning and mathematical communication 

in particular (Foegen & Deno, 2001). In a later study, Foegen (2008) found 
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computational estimation to be a strong proxy for mathematics attainment at 

grade six, although this tended to reduce as children became older. In short, 

computational estimation seems a strong predictor of those aspects of 

mathematical competence related to flexibility.  

Other studies, exploiting simplified multiple-choice tasks whereby 

children select the closer of two feasible estimates to various addition and 

subtraction problems, have compared the mathematics cognition of children 

with learning difficulties with normally achieving children. In one study, 

comparisons were made between grade two children with mathematical 

difficulties (MD), children with reading difficulties (RD), children with both 

difficulties (MD/RD) and normally achieving children (NA). The study found 

that both MD and MD/RD children were significantly poorer estimators than 

children in the NA and RD groups. Indeed, the equivalence of these latter 

groups tends to confirm that understanding and undertaking computational 

estimation is a language-independent competence (Hanich et al., 2001). A 

second study also found that children with reading difficulties were equally 

competent estimators as normally achieving children. However, the same 

study also found “that growth on approximate calculation was relatively flat 

across achievement groups, indicating that this task was hard for all children” 

(Jordan et al., 2003, p.847). 

 

Children’s Computational Estimation and Teaching Interventions 

Although space prevents a detailed summary of their procedures, a 

small number of studies have reported interventions designed to improve 

children’s computational estimation-related competence. These include Bobis’ 

(1991) successful intervention with Australian grade-five children, which 

involved fifteen weeks of instruction during which children undertook various 

activities concerning mental calculation and estimation relating to 

multiplication and division algorithms. In England, Ainsworth et al. (2002), 

used computer-based interventions to develop year-five children’s 

computational estimation competence. They found that the use of either, but 

not both, pictorially-represented tasks or symbolically represented tasks 

improved children’s confidence and accuracy in their computational 

estimations of two- and three-digit arithmetic tasks. Two USA-based 

interventions also showed improvements in children’s computational 

estimation competence. First, Hurley et al. (2005), undertook an intervention, 

based on the use of a “nice number computational estimation strategy”, 

whereby numbers are rounded to the nearest nice number before being 

subjected to mental calculation. Participants either worked alone or in groups 

of three. Children in groups became significantly more efficient estimators 

than the children working alone. Second, Star and Rittle-Johnson (2009) 

found that ten-year-old children who were asked to compare two estimations 

to a problem simultaneously became more flexible estimators than those 

children who compared the estimations sequentially. Also, while rounding 
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both numbers was the most frequently used strategy by both groups of 

children, before and after interventions, children in the comparison group used 

truncation more often than students in the sequential condition. 

 

The Computational Estimation Competence of Adults 

With respect to adults’ computational estimation competence, a study 

of mathematicians, accountants, undergraduates in psychology and 

undergraduates in English found the mathematicians to be the most efficient 

estimators and the English undergraduates the least efficient (Dowker et al., 

1996). The competence of the English undergraduates accords with similar 

studies, which have found acceptable levels of undergraduate competence 

with respect to addition and subtraction of integers but declining levels with 

respect to multiplication and division and any task involving fractions or 

decimals (Goodman, 1991; Hanson & Hogan, 2000; R. Waring & Penner-

Wilger, 2017). Further, studies comparing adults’ computational estimations 

with their exact calculations, typically find higher levels of competence with 

the latter than the former (Hanson & Hogan, 2000; Kalaman & LeFevre, 

2007; R. Waring & Penner-Wilger, 2017), reflecting a lack of confidence and 

familiarity with the reasons for and processes of computational estimation. 

Finally, Chinese-educated adults are more rapid and accurate estimators than 

Flemish-educated adults, although the latter are more adaptive in their strategy 

choices (Imbo & LeFevre, 2011). In similar vein, with respect to two-digit 

multiplication estimation tasks, Chinese-educated undergraduates, who were 

more competent on exact calculations, were more likely to choose optimal 

estimation procedures in a free-choice situation than Canadian educated 

undergraduates. However, when instructed to respond speedily, both groups 

identified the optimum strategy in around 60% of cases, a figure that exceeded 

90% when the instruction focused on accuracy. The authors conclude, as a 

pointer to those who teach estimation, that “providing explicit instructions and 

feedback can greatly influence participants’ procedure choices, and hence 

offers interesting implications for educational settings” (Xu et al., 2014, 

p.1491). 

Interestingly, most studies of adults’ computational estimation have 

focused on multi-digit multiplication (Ardiale & Lemaire, 2012; 2013; Ganor-

Stern, 2015, 2017, 2018; Ganor-Stern & Weiss, 2016; Imbo & Lefevre, 2011; 

Lemaire & Lecacheur, 2010; Lemaire et al., 2004; Liu, 2013; Taillan et al., 

2015; Xu et al., 2014). Of these, Lemaire and his colleagues have examined 

young and old adults’ computational estimation in various contexts. Older 

adults, whose choice of estimation strategy is less flexible than that of young 

adults, tend to provide less accurate estimates and take more time than 

younger adults (Lemaire et al., 2004; Taillan et al., 2015). Under timed 

conditions and directed to first use a researcher-defined inefficient strategy, 

most adults are able to recognise the need to switch to an efficient and more 

accurate strategy; although, despite being considerably less competent with 
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exact calculations, younger adults tend to make more strategy switches more 

rapidly than older adults (Ardiale & Lemaire, 2012, 2013; Taillan et al., 

2015). Moreover, irrespective of the conditions, rounding up takes more time 

than rounding down (Lemaire & Lecacheur, 2010  ̧ Taillan et al., 2015). 

Indeed, a study of undergraduates’ computational estimation of two-digit 

multiplication found that when working memory was distracted by an 

imposed task unrelated to estimation, participants not only made poorer 

estimations but rounded down more often than rounded up (Imbo et al., 2007). 

A particular set of studies has exploited multi-digit multiplication as 

the context for investigating the impact of reference numbers on adults’ 

computational estimation. Participants were presented with a calculation and 

asked to estimate whether the exact answer would be larger or smaller than a 

given (reference) number. Undergraduate students were found to be faster and 

more accurate when reference numbers were either far from the exact answer 

or, irrespective of distance, smaller than it (Ganor-Stern, 2015). A second 

study showed that while dyscalculic adults’ computational estimations were 

less accurate than a control group’s, their accuracy remained well above the 

level of chance (Ganor-Stern, 2017). A further study found that practice on 

reference number-related computational estimation improves performance 

(Ganor-Stern & Weiss, 2016), while another found that older adults, who are 

slower and slightly more accurate estimators than young adults, are less 

affected by the distance between the reference number and the exact answer 

(Ganor-Stern, 2018). 

With respect to teacher education students, research typically derives 

from the USA. One multiplication study found estimations typically within 

40% of the true value and that neither response times nor accuracy were 

affected by the complexity of the numbers involved (Liu, 2013). Another 

study, involving a wide range of estimation tasks, found US primary teacher 

education students achieving barely 50% levels of proficiency on a “range of 

answers determined by the investigator” (Goodman, 1991, p.260), although 

tasks involving reference numbers were more successfully addressed than 

other forms and application problems were better addressed than purely 

numerical. These results resonate with a later study, where integer-based tasks 

were substantially better addressed than fraction-based (Tsao, 2013). Finally, 

while the pre-test of a recent intervention study found poor levels of 

computational estimation competence, the post-test showed students’ 

competence had improved, although it remained limited with respect to 

decimals and fractions (Son et al., 2019). This latter study, alluding to another 

important area of research, also found that students’ “estimation performance 

was significantly related to their self-reported math knowledge and their views 

on estimation in teaching mathematics”, while those “who perceived the 

meaning of estimation from the purpose perspectives outperformed those who 

perceived it from the process perspectives on estimation tests” (Son et al., 

2019, p.691). In similar vein, Tsao (2013) found teacher education students’ 
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attitudes correlated positively with performance. That being said, and shifting 

attention from the US, more than 60% of Kuwaiti elementary teachers 

construe computational estimation as rounding, while two-thirds view it as an 

important life-skill and only one-fifth (20%) see it as playing a role in 

mathematics education (Alajmi, 2009). 

 

Discussion and Conclusions 

 

A key function of a narrative literature review is to present a 

descriptive account of the state of knowledge about a field. Our view, 

acknowledging limitations of space, is that we have achieved that goal in 

ways that should allow teachers and teacher educators to infer implications of 

relevance to them. It has also, as predicted by Hogan and Brezinski (2003), 

highlighted the problem for mathematics educators created by the 

methodological approaches of the psychologists. The latter have typically 

restricted participants’ strategies, prescribing either a rounding up of both 

operands or a rounding down (see Imbo & LeFevre, 2010; Lemaire & Brun, 

2014; Lemaire & Lecacheur, 2002; Li et al., 2020). Indeed, participants in 

Hammerstein et al.’s (2019) study were expressly forbidden from using a 

mixed strategy, whereby one operand would be rounded up and the other 

rounded down, an approach ideal for estimating, say, 78×23. In short, many 

psychological studies, driven by the need for replicable methodologies, have 

employed narrow operationalisations of computational estimation that make 

the interpretation of their results difficult for those looking for insights related 

to teaching and learning. 

That being said, the available evidence has shown that being a 

successful computational estimator requires “knowledge of multiple strategies 

and the ability to select the most appropriate strategy for a given problem and 

a given problem-solving goal” (Star et al., 2009, p. 570). The same evidence 

also suggests that trying to categorise all computational estimation-related 

strategies may be less productive than searching for broader categorisations 

that are simple to define and operationalise. For example, Dowker’s (1992) 

investigation of professional mathematicians found every participant invoking 

multiple approaches to most problems, one as many as 23, while 42 of her 44 

informants used an approach unique to the individual for at least one problem. 

Importantly, the extent of this variation, which is likely to be of considerable 

interest to researchers, may be problematic for teachers, who, while needing to 

be mindful of its existence, may be better served by attending to the three 

processes of reformulation, translation and compensation (R. Reys et al., 

1982). 

In general, adults’ computational estimation competence is poor 

(Anestakis & Lemonidis, 2014; Levine, 1982), even among psychology 

undergraduates (Ganor-Stern, 2015; Xu et al., 2014), not least because many, 

particularly older, do not understand the rationale for estimating and are more 
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accurate with exact calculations (Hanson & Hogan, 2000; Kalaman & 

LeFevre, 2007; R.Waring & Penner-Wilger, 2017). Indeed, adults who 

understand the purpose of computational estimation are better estimators than 

those who only understand it as a process (Son et al., 2019). Adults’ 

computational estimation is influenced by age and mathematics anxiety (Si et 

al., 2016), as well as cultural context (Imbo & LeFevre, 2011). Beyond any 

obvious sense of real-world application, measures of computational estimation 

are correlated positively with mathematical knowledge (Son et al., 2019; 

R.Waring & Penner-Wilger, 2017), mathematics self-concept (Gliner, 1991), 

personal independence (Hogan & Parlapiano, 2008) and, bizarrely, negatively 

correlated with measures of agreeableness (Hogan et al., 2004). 

Children’s computational estimation, which is closely related to the 

different stages of cognitive development identified by Neo-Piagetian 

researchers (Case & Sowder, 1990), is a function of their arithmetical 

competence to the extent that their estimations become less accurate the 

further a task strays from their base-line arithmetical competence (Dowker, 

1997; Seethaler & Fuchs, 2006). Moreover, for many students, irrespective of 

geographical location, computational estimation is an unfamiliar activity to 

the extent that simply asking them to provide an estimate when an exact 

answer is within their mental computation capability is likely to fail (Liu, 

2009). Importantly, children with access to a range of estimation strategies, 

including the ability to switch when one strategy seems to be failing, are not 

only more successful learners of mathematics but more accurate estimators 

than students with access to few strategies (Li et al., 2020; Star et al., 2009). 

In this respect, there seems to be a strong reciprocal relationship between 

computational estimation competence and those aspects of mathematical 

competence related to flexibility (Foegen, 2008; Hammerstein et al., 2019). 

In closing, having presented a descriptive summary of the state of 

knowledge of the field, we invite colleagues to consider how the teaching and 

learning of computational estimation may be improved in their particular 

cultural contexts. In so doing, we remind colleagues that computational 

estimation’s inadequate representation in national curricula and school 

textbooks necessarily force one to look elsewhere for guidance. We also 

remind colleagues that while many learners fail to understand the nature of 

estimation, many of the findings of the psychologists have been tempered by 

narrow operationalisations of estimation. What seems clear, however, is that if 

learners are to acquire both strategic flexibility and an understanding of why 

computational estimation matters, then regular interventions are necessary. 

That said, research on estimation-related teaching interventions remains an 

underdeveloped field. 
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