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The possibility to use benchmarking strategies speeds up 

adults’ response times in fraction comparison tasks 

Introduction 

The decision which of two fractions is the bigger one can be reached in a 

variety of ways. Literature distinguishes two kinds of strategies for this task 

(cf. e.g. Faulkenberry & Pierce, 2011; Reinhold, Reiss, Hoch, Werner, & 

Richter-Gebert, 2018): On the one hand, one can apply component-based 

strategies. These strategies make use of rules regarding the comparison of 

fractions with the same enumerator or denominator and, by bringing the frac-

tions to the same enumerator or denominator, work for every pair of fractions 

to compare. On the other hand, holistic strategies are based on an under-

standing of the magnitude of both fractions. One particular kind of these 

strategies make use of benchmarks, i.e. certain numbers like 1 or 1/2 that 

may fit between the two fractions to compare. By comparing both fractions 

to a benchmark, the bigger fraction may be chosen transitively. For example, 

it is 3/7 < 2/3, as 3/7 < 1/2 and 1/2 < 2/3. It is not always possible to fit a 

benchmark between the two fractions to compare; the possibility to use a 

benchmarking strategy is therefore a feature of a pair of fractions. 

There is empirical evidence that both students and adults use both kinds of 

strategies to compare fractions (Clarke & Roche, 2009; Faulkenberry & 

Pierce, 2011; Post & Cramer, 1987; Reinhold et al., 2018) and that for adults, 

holistic strategies lead to faster answers than component-based ones 

(Faulkenberry & Pierce, 2011). 

Other influences on the response times include the numerical distance, ex-

pertise and congruency. Here, congruency refers to the faulty notion that the 

bigger the numbers, the bigger the fraction – an overgeneralization from the 

natural numbers, part of a so called natural number bias (Ni & Zhou, 2005): 

Congruent items (e.g. 2/5 vs. 7/8) in which the notion leads to a correct re-

sponse are processed faster than incongruent items (e.g. 2/3 vs. 3/7). This 

effect is found even in expert mathematicians when comparing fractions with 

common components (Obersteiner, Van Dooren, Van Hoof, & Verschaffel, 

2013). 

These studies indicate that strategy use and item congruency both influence 

fraction comparison for students as well as for adults. Yet, their interrelation 

has not been investigated systematically. Moreover, it is unclear to what ex-

tend mathematical knowledge can overrule or interact with these influences. 
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Research Aims 

This study examines whether there is an effect of a natural number bias when 

providing adults with fraction comparison tasks with non-common compo-

nents in which benchmarking is a feasible solution strategy. Furthermore, it 

was examined whether adults with a potentially higher prior knowledge ben-

efit more from this possibility. 

Method and Sample 

24 adults participated in the study. All participants had a university degree, 

13 had a background in mathematics educations (hereafter experts).  

Participants were presented with 24 pairs of fractions and were tasked to 

quickly pick the bigger one. Tasks were adapted from DeWolf & Vosniadou 

(2011) and fit into 2 × 2 categories: in one dimension, whether they were 

congruent or incongruent with respect to a natural number bias, and in the 

other dimension whether a solution could be found using 1 or 1/2 as a bench-

mark, or if no benchmark seemed feasible. 

The testing environment was implemented on the iPad. The user was pre-

sented with two “cards” with the fractions in symbolic representation and 

could pick the bigger one by tapping the corresponding card (cf. Figure 1). 

Participants could not change their decisions. By pressing the button below 

the cards, participants proceeded to the next item. Order of the items and 

which fraction was presented on the left was randomly decided by the iPad. 

  

Fig. 1: Item display on the iPad, before (left) and after (right) choosing an answer. 

For each item, both fractions, the time between display of the item and the 

selection of a fraction (response time, RT), and the correctness of the answer 

were recorded and saved on the iPad. After the testing session, data were 

send to a server and saved in a database for analysis. 

For the analysis, only correct responses were included. Overall, a solution 

rate of 88.37 % was achieved. However, experts had a significant higher so-

lution rate, t(14.357)=-3.727, p=.002, d=1.563. 845 observations were in-

cluded in the analysis. Data were analyzed using a linear mixed effects model 

to account for the non-independence of the data. To ease interpretation, all 
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variables were centered at the grand mean. The following model was approx-

imated using the lme4 package (Bates, Mächler, Bolker, & Walker, 2015) 

for R (R Core Team, 2016): 

RT = β0 + β1·distance + β2·congruent + β3·benchmarking×experts + u0 + v0, 

where u0 and v0 denote the random by-participant and by-item intercept, re-

spectively. By including these random intercepts, this model respects that 

general response speed may vary across both participants and items. 

Results 

Table 1 gives an overview of the model estimations. In particular, there was 

no significant effect of a natural number bias or the distance between the two 

fractions on the response times. As expected, experts were significantly 

faster than non-experts. Both groups showed significant shorter response 

times when working on items where benchmarking strategies were feasible. 

However, there was no significant interaction between the possibility to use 

benchmarking strategies and expertise. 

Table 1: Predictors of Solution Time for fraction comparison tasks with non-common 

components. 

 

Discussion 

No significant effect of a natural number bias was found, likely due to the 

combination of an adult sample and fraction pairs with non-common com-

ponents, where previous studies also revealed no effect (Obersteiner et al., 

2013). In contrast, a significant effect of the possibility to use benchmarking 

strategies was observed. Experts in our sample did not benefit more than 
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non-experts from the possibility to use benchmarking strategies in a signifi-

cant way. As the estimation is negative as expected, however, it remains to 

be seen whether a significant interaction may be found with a larger sample. 

Therefore, as a next step, we wish to expand the sample to starting university 

students. Next to answering the question how this sample performs, they 

study may be used to sensitize beginning education students to the different 

strategies. One open question is the unbiasing recording of the actual strategy 

used by adults. 

The study also tested the iPad as a testing device. The implementation al-

lowed efficient data processing and largely automated analyses; integrating 

new data involves little effort. 
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