
HAL Id: hal-02416512
https://univ-rennes2.hal.science/hal-02416512

Submitted on 23 Oct 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

A teacher-implemented intervention program to
promote finger use in numerical tasks

Fanny Ollivier, Yvonnick Noël, Aline Legrand, Nathalie Bonneton-Botté

To cite this version:
Fanny Ollivier, Yvonnick Noël, Aline Legrand, Nathalie Bonneton-Botté. A teacher-implemented
intervention program to promote finger use in numerical tasks. European Journal of Psychology of
Education, 2019, �10.1007/s10212-019-00441-9�. �hal-02416512�

https://univ-rennes2.hal.science/hal-02416512
https://hal.archives-ouvertes.fr


 

A Teacher-Implemented Intervention Program to Promote Finger Use in 

Numerical Tasks 
 

 

 

 

Fanny Ollivier (1), Yvonnick Noël (1), Aline Legrand (2), Nathalie Bonneton-

Botté*(1) 

(1)   Psychology of Cognition, Behavior and Communication Laboratory 

(LP3C), University of Rennes, Rennes, France 

(2)  National Ministry of Education 

 

Author accepted manuscript 

Published in European Journal of Psychology of Education: 

Ollivier, F., Noël, Y., Legrand, A., & Bonneton-Botté, N. (2020). A teacher-implemented 

intervention program to promote finger use in numerical tasks. European Journal of 

Psychology of Education, 35, 589–606. https://doi.org/10.1007/s10212-019-00441-9 

 

 

  

https://doi.org/10.1007/s10212-019-00441-9


 

2 
 

Abstract 

What constitutes effective teaching of arithmetical skills in early school years is still 

uncertain. Finger use could play a crucial role in this acquisition but some children do not use 

them spontaneously and studies would be necessary to know if it is possible to teach them. 

This research assesses the impact of a teacher-implemented intervention program to teach 5 to 

6 year-old children to use their fingers in numerical tasks. Participants were 36 kindergarten 

pupils (16 girls, 20 boys; mean age 5 years, 5 months) from two classrooms. The research 

compares a program in which motor training and explicit teaching of finger use are promoted 

to represent numbers and to act on them, with a “business as usual” contrast group. Children 

were tested before and after the intervention with problem solving. After the experimental 

training program, finger counting appears to be a good strategy because its frequency is 

positively linked to the scores in the problem solving tasks. We showed a greater 

improvement in problem solving following the finger use intervention, compared to the 

contrast group. Our results support the explicit teaching of finger use to build numerical 

representation and enhance the calculation skills of kindergarten students (age 5) in French 

schools.  

Keywords:  problem solving; mathematics; finger use; finger counting; teacher intervention; 

kindergarten 
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Introduction 

Many countries observe that academic achievement is linked to children’s skills in 

mathematics (Duncan, et al., 2007; Ritchie & Bates, 2013). Unfortunately, international 

assessment studies (PISA, 2012, 2015) reveal a decline in mathematics proficiency for French 

pupils as well as an increase in the gap between the weakest and the best pupils. Mathematical 

vulnerabilities have been identified before the first grade (Feigenson, Dehaene, & Spelke, 

2004; Gray & Reeve, 2014; Hornung, Schiltz, Brunner, & Martin, 2014; Fayol, Barrouillet, & 

Marinthe, 1998; Penner-Wilger, n.d). This emphasizes that it is crucial that some experiences 

take place during the first years of life in the family or in nursery school (Dyson, Jordan, & 

Glutting, 2014). In this instance, one of the recent recommendations of the French National 

Council is to change teaching practices in the field of mathematics beginning in kindergarten. 

The issue of early teaching practices and of their impact on emergent numeracy should be the 

focus of future research. Some research pointed out that most pupils from low income 

populations are lacking in fundamental skills such as as counting, number knowledge or 

number operation. Among these crucial skills, the use of fingers for numerical activities is 

currently debated both from the theoretical and the practitioner’s point of view (Moeller, 

Martignon, Wessolowski, Engel, & Nuerk, 2011). The purpose of this study is to demonstrate 

the influential and beneficial role of fingers in developing numerical skills in school settings 

for kindergarten students.  

The Role of Fingers for Numerical Development 

1.1. Emerging Numeracy 

From a neuroscientific approach, quantity recognition is already in process, at the 

beginning of life in an intuitive form due to an innate Approximate Number System (ANS) 

shared by different species (Agrillo, Piffer, Bisazza, & Butterworth, 2012; Dehaene, Piazza, 

Pinel, & Cohen, 2003; Piazza, 2011). In humans, the triple code model states that numerosity, 

initially apprehended in an analogic form (i.e., subitizing, magnitude estimation) must 

https://www.frontiersin.org/articles/10.3389/fpsyg.2017.01746/full#B21
https://www.frontiersin.org/articles/10.3389/fpsyg.2017.01746/full#B21
https://www.frontiersin.org/articles/10.3389/fpsyg.2017.01746/full#B26
https://www.frontiersin.org/articles/10.3389/fpsyg.2017.01746/full#B30
https://www.frontiersin.org/articles/10.3389/fpsyg.2017.01746/full#B30
https://www.frontiersin.org/articles/10.3389/fpsyg.2017.01746/full#B30
https://www.frontiersin.org/articles/10.3389/fpsyg.2017.01746/full#B57
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gradually be "recoded" in a so-called symbolic (verbal and Indo-Arabic) format (Dehaene, et 

al., 2003). Gradually, the child will be able to consider all the decompositions of a number 

that is presented to him/her in analogic or symbolic form and to easily switch in both ways 

from one form to another (i.e., a bidirectional mapping; Libertus, Odic, Feigenson, & 

Halberda, 2016). The frequently raised issue is how to establish the relationship between 

analogic number coding and its Arabic verbal and symbolic forms. The role of fingers to read, 

express, or transform quantities could prove to be a good candidate for the transition from the 

most primitive, analogical form to the most elaborate, symbolic ones. That is why 

Butterworth (1999) and Andres, Di Luca and Pesenti (2008), from an embodied cognition 

perspective, consider the finger mental representation as the probable missing tool to link 

primary and secondary formats of number. Embodied cognition refers to the idea that features 

of human cognition are formed not only brain but also by body (Wilson, 2002). From their 

point of view, concept of number could emerge from sensorimotor experience through a 

bottom-up process. This way, finger gnosia (i.e., the ability to mentally represent one’s 

fingers) and finger use (i.e. using one’s finger to represent or to handle numbers) could be 

milestones in number concept construction. Recent results, to be reported in the two next 

sections, support this hypothesis. 

1.2. Neuropsychological studies  

A topographical proximity between the areas hosting the representations of fingers and 

hands and those contributing to the processing of numbers is now attested (Gertsmann, 1940; 

Dehaene, et al., 2003). This proximity would explain why both adults and children 

(Gertsmann, 1940; Kinsbourne & Warrington, 1963; Rourke, 1993) can simultaneously 

present disorders of digital perception and processing of numbers. Transcranial magnetic 

stimulation studies showed that stimulation of angular gyrus, situated in the parietal area, 

interrupts both number processing and finger sense (Roux, et al., 2003; Rusconi, Walsh, & 
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Butterworth, 2005). In adults, the results obtained by Andres, Michaux and Pesenti (2012) 

show an activation of the same brain regions when the subject simultaneously performs finger 

discrimination tasks and addition tasks. If this anatomical proximity reflects a functional 

relationship between the two abilities, then this relationship should be observable during the 

development and the learning process of numerical skills. 

1.3. Cognitive and developmental studies 

Preschool children, school-aged children and even adults frequently use their fingers 

to support their numerical and mathematical activities (Butterworth, 1999, 2005; Fuson, 1998; 

Geary, 2004, 2007, 2013; Gelman & Gallistel, 1992; Lucidi & Thevenot, 2014; Newman, 

2016; Sato & Lalain, 2008). Therefore, and considering the neuroscientific arguments 

described above, there is currently a strong hypothesis of functional and developmental 

relationships between finger use and numerical skills. In this perspective, finger use would 

allow the young child to represent quantities in an analogic mode before the symbolic 

representations are available, and to perform calculations on these representations (Siegler & 

Shrager, 1984). Di Luca and Pesenti (2011) pointed out that the use of an orderly and stable 

sequence of movements during counting allows the child to memorize the already counted 

elements by relying on the forward correspondence between raised fingers and counted 

objects. They also assume that this strategy facilitates the understanding and development of 

the concept of number, including its cardinal and ordinal properties. Some empirical evidence 

supports this functional hypothesis. Children who most often use fingers to calculate in pre-

school classes perform best in arithmetic tasks (Jordan, Kaplan, Ramineni, & Locuniak, 

2008). Over time, the use of fingers, however, does not seem to be equally relevant for all 

children. Jordan, et al. (2008) studied children’s trajectories in frequency of finger counting 

during number combination tasks from kindergarten to the end of the second grade. Their 

result shows that kindergarteners with the worst performance on number combinations, who 
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also tended to be from low-income backgrounds, almost never used their fingers 

spontaneously. Furthermore, low-income children showed linear growth in frequency of 

finger counting while middle-income children slowed down by second grade, and even started 

to decline. Middle-income children’s trajectory (i.e., they use their fingers less often in first 

grade than they did in kindergarten) suggests to the authors that early use of fingers helped 

children shift more quickly to accurate mental calculation or retrieval. More recently, Dupont-

Boime and Thevenot (2018) reached the same conclusions as Jordan et al. (2008) and showed 

that Swiss French-speaking children aged between 5 and 6 years who count on their fingers 

perform better in an addition task than children who do not. Moreover, they showed that 

children who count on their fingers correspond to children with the best working memory 

capacities, showing that, in addition to the factors evoked by Jordan et al. (i.e., culture, and 

family environment), cognitive efficiency modulates the frequencies of finger counting. 

Consequently, the authors of these two studies reach the same conclusions by recommending 

explicitly teaching the use of fingers to kindergarten students and encouraging them to use 

their fingers when performing tasks.  

Beyond the use of fingers, the hypothesis of a functional relationship between fingers 

gnosia (i.e., the ability to mentally represent one’s fingers) and arithmetic skills has also been 

supported by longitudinal studies. The perceptual tactile abilities of 300 children of 5-6 years 

of age better predict their performance on computation task than their level of intellectual 

development (Fayol, et al., 1998). In a three-year follow-up study, the authors also found that 

this relationship is maintained over time for the same children.  

As Fayol (2012) suggests, studies showing the beneficial effect of finger gnosis 

training are still needed to support these hypotheses. Gracia-Bafalluy and Noël (2008) 

proposed a manual motor training to 33 first-year primary students with low performance in 

digital gnosis and 14 students with good performance. They hypothesized that improving 
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recognition and digital discrimination should have a positive impact on numerical skills. After 

an 8-week training program, the experimental group obtained the best performances in finger 

gnosia and math tests which had not been explicitly trained. However, Fischer (2010) posits 

that the results of this study could be explained by the regression toward the mean; this 

weakens Gracia-Bafalluy and Noël’s (2005) conclusions, thus further training studies would 

be needed.  

Although there are studies aiming at highlighting the relationship between finger 

gnosia and arithmetic skills, the relationship between finger gnosia and finger counting 

remains relatively under-researched. For the first time, in 2011, Reeve and Humberstone bring 

some evidence about this link. As a matter of fact, their results point out that low finger 

gnosia and low finger use are associated, and conversely for high finger gnosia and high 

finger use in counting tasks. Moreover, “finger gnosia representations change between 5- and 

7- years, and these changes are related to finger-use in computation” (p.7). 

In addition to investigations conducted on finger gnosia or on finger use, some 

research has specifically considered the functional dimension of the body schema of the hand, 

the ability to produce fine movements of the fingers generally requiring a good coordination 

of the eye and the hand. The results corroborate the role of fine motor skills or dexterity for 

numerical skills (Asakawa & Sugimura, 2009, 2011, 2014; Luo, Jose, Huntsinger, & Pigott, 

2007; Suggate, Stoeger, & Fischer, 2017).  

However, it must be mentioned that some behavioral studies do not find a significant 

relationship between finger gnosia measurement and arithmetical abilities (Long et al., 2016) 

or find a weak relationship (Wasner, et al, 2016). Regarding the use of fingers, it correlates 

with enumeration task performance for some children, but some who never use their fingers 

perform optimally (Lafay, Thevenot, Castel, & Fayol, 2013). Moreover, children with motor 

disorders that affect the representations of the fingers do not always have arithmetic delays 
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(Thevenot, et al., 2014). At least three non-exclusive causes could be considered to 

understand these divergences. First, as suggested by Lafay et al. (2013), one can assume that 

fingers are a useful but not a necessary tool during numeracy emergence. Second, studies are 

rarely culturally situated. Populations studied, generally in pre-school or grade 1, could have 

received differing amounts of exposure to the use of fingers in a mathematical context 

depending on the school systems to which they belong. These differences in educational 

practices may reflect the intercultural and intra-cultural differences that have been observed in 

the use of fingers in a mathematical context (Beller & Bender, 2008; Bender & Beller, 2012; 

Fischer, 2008). Third, cognitive efficiency, especially working memory, could modulate the 

frequency and the way children use their fingers to count. Moreover, Dupont-Boime and 

Thevenot (2018) observed both more finger counting and more efficient finger-counting 

strategies for children with high working memory spans. 

 Beyond theoretical debates, finger use is now seen as a useful tool for the development 

of symbolic numerical abilities. Finger use habits in mathematics differ from one culture to 

another (Beller & Bender, 2008; Bender & Beller, 2012; Fischer, 2008; Fischer & Shaki, 

2014) and it could be assumed that opportunities for the children to use their fingers in a 

mathematical context differ quantitatively and qualitatively from one school system to 

another. The ability to mentally visualize one's hands and to discriminate one's fingers has 

been studied and found to be frequently decisive in the construction of number and early 

computational skills (Authors, 2015; Lafay, et al., 2013). However, finger gnosis is not the 

only component of embodied knowledge of numbers. The role of the functional motor 

component of finger use is also mentioned by some researchers (Asakawa & Sugimura, 2014; 

Butterworth 1999, 2005; Suggate, et al., 2017). Children must be able to raise and lower their 

fingers easily without using their second hand. They must also be able to imitate motor 

pattern with one or two hands by reproducing a model or by proposing a different 
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decomposition of the number than the one proposed by the teacher. Thus, pre-school activities 

of counting and calculating assisted by fingers therefore require complex fine manual motor 

skills defined by Suggate et al. (2017) as “small muscle movements requiring close eye-hand 

coordination” (p.1087). Paradoxically, if fine motor skills are trained, the French school 

curriculum does not recommend a motor manual training explicitly linked to numerical skills. 

Otherwise, to our knowledge, there are no studies assessing the impact of an explicit teaching 

of finger use in mathematics, at least in a French school context. Furthermore, a reading of the 

French official instructions that were in place last century shows that finger counting has been 

proscribed or reduced to its function as a tool to represent numerosity (Brissiaud, 2013). If 

manual motor training is not recommended in the French curriculum, the explicit teaching of 

finger counting in mathematics does not appear either. Explicit instructions could be defined 

as a systematic instructional approach that facilitates frequent and meaningful instructional 

interactions between teachers and students around critical academic content. Explicit 

instructions dedicated to formal knowledge have proved their efficiency for mathematic 

achievement (Doabler, et al., 2015) and for writing achievement (Fayol, Grimaud, & Jacquier, 

2013). 

The Current Study 

The main purpose of our research is to evaluate the impact of an explicit teaching 

program in kindergarten that combines both fine motor skills (Gracia-Bafalluy & Noël, 2008; 

Suggate, et al., 2017) and explicit knowledge on the finger use to compose numbers as 

recommended by some researchers (Jordan & Levine, 2009; Lafay, et al., 2013). First, we 

wish to replicate the results obtained by Jordan et al. (2008) in a French schooling context. 

With regard to these studies, we predict that students who spontaneously use their fingers 

during the problem solving tasks proposed at the beginning of the study to measure children's 

initial skills are also those who will perform best in problem solving. Second, in accordance 
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with some recommendations, (Dupont-Boime & Thevenot, 2018; Lafay, et al., 2013; Reeves 

and Humberstone, 2011; Wasner, et al., 2016), we hypothesize that a training program aiming 

at developing fine motor skills and explicit knowledge of finger use to represent and 

decompose numbers will lead pupils to finger counting and to better perform in calculation 

tasks (i.e., solving problems). As suggested by Lafay et al.: “it could be fruitful to more 

explicitly encourage children in using their fingers and establishing the link between fingers 

and numerosities” (Lafay, et al., 2013; p. 6). 

Method 

 

Participants 

Participants were 36 pupils (16 girls, 20 boys; mean age 5 years, 5 months). All 

participants were in their final year of kindergarten in France (where kindergarten lasts three 

years). All were typically developing children, recruited from two classes each belonging to 

two different schools in a middle sized city. The children did not have cognitive, motor or 

visual impairments. The study was conducted in accordance with the authors’ University’s 

Human Ethics Committee requirements. We obtained written informed parental consent for 

each child. Both schools were attended by children from a middle class background.  

School Context 

The finger use teaching program was implemented by the children’s regular teacher. 

Teachers were school employees; none were affiliated with this university research project 

prior to the study and both have prior experience of 10 and 12 years. In this study, prior to 

introducing the intervention program, the teacher who was randomly assigned to the finger 

training session participated in three 1-hour theoretical and methodological workshops (one 

theoretical hour before the experimental device and two hours of exchange during it) from 

which she received information about motor and numerical skills, experimental methodology, 
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and how to follow the experimental protocol.  

The two classes assigned to the control and experimental groups were selected such that 

initial teaching practices regarding numerical skills be fairly similar across teachers, both 

quantitatively and qualitatively, on the following important criteria (Baroody, Lai & Mix, 

2005): During the year, both teachers plan daily work to develop the various numerical skills 

with a significant amount of time dedicated to composing and decomposing numerosities 

(about 30 minutes a day) either as a collective ritual (i.e., decompositions of the number of 

absentees), or by games offered in the form of stations of 2 to 4 players. 

Teaching practice similarity was assessed based on a preliminary interview of the two 

teachers, conducted by an educational consultant at the beginning of the academic year as part 

of their professional follow-up. Furthermore, during this preliminary interview, it was made 

clear from both teachers that while they did authorize the use of the fingers or specific 

material for numerical activities, they did not engage in a systematic and explicit teaching of 

the finger counting. In accordance with the curriculum for kindergarten, the two teachers 

stated that they granted a daily time to the development of fine and gross motor skills (about 1 

hour per day, such as cutting, graphics, modeling clay, pearl threading activities). Pretests 

were conducted in December in both classes. From March to June, 10 weeks were allocated to 

the intervention and the posttests were carried out at the end of June. 

Pre- and Posttests 

A researcher tested all students individually on 10 problem solving tasks in a quiet 

room of the school with an unlimited time given to pupils. All items, proposed by oral 

instruction, came from the TEst for the DIagnosis of Mathematical Competences (TEDI-

MATH; Grégoire, Noel, & Van Nieuwenhoven, 2004). The interest of this Belgian test is that 

its norms are also established for French pupils. The same items were offered to children for 

pre and posttest. Five items are arithmetical problems (i.e., AP; five single digit additive 
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operation as 6+3=) and five are word problems (i.e., WP; two single digit additive operation 

and three single digit subtraction as “Sophie has 5 marbles. She loses 3 marbles. How many 

marbles does she have left?”). From this problem solving task, a global score (between 0 and 

10) is assigned to each child. During the test, the researcher ensures that children keep their 

hands on the table so that she can observe their procedures. The researcher observes if each 

child spontaneously uses his/her fingers at least once for each type of problem (i.e., AP and 

WP). Children who use their fingers at least once are assigned a score of 1, while children 

who do not use their fingers have a score of 0. A finger use is considered by the researcher if 

the child has clearly tried to solve the problem using his/her fingers and whether he/she is 

successful or not. It can be finger counting or finger montring, which allows the child to rely 

on a numerical representation on his/her fingers to solve the problem. The pre and posttests 

were administered individually by an experimenter in a quiet room at the child’s school two 

weeks before and two weeks after the interventions. The time allowed for the test was 

unlimited with the task taking around 10 minutes each per child. 

Intervention for Finger Use Group 

The teacher worked along two main components with the whole class group: perceptual and 

motor representations of hands and fingers (i.e., sensitivity and motility) and the composition 

and decomposition of numbers using the fingers which involves finger montring and finger 

counting. 

Perceptual and motor training of hands and fingers 

The training aimed at helping children differentiate their fingers, in terms of both sensitivity 

and motility. Children performed daily 15-minute exercises of finger untying and gymnastics. 

The aim was to teach children to use their fingers independently of each other and in 

succession for each hand. The 8 exercises proposed to the teacher are extracted from a series 

of videos available on a graphomotricity remediation website (http://www.reeducation-
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ecriture.fr). During this time, the children could also play with an elastic band while passing it 

from fingers to fingers or by performing figures. The purpose of the session was presented 

daily to students: Manual motor training was systematically explicitly linked by the teacher to 

the fact that the hands and the fingers must be easy to use in mathematical situations but the 

time of these stations is counted on the teaching time of the motricity with regard to the 

school curriculum. 

Composition and decomposition of numbers  

The announcement game  

A daily 15 minute game was organized in the classroom, in the form of a 3 to 4 children 

workgroup. The announcement game is a didactic game (Sensevy, 2015), used usually in first 

grade, to help children link analogic and verbal representations of numbers. The script could 

be summed up by the following sequence: 1/ children announce a number by representing it 

verbally and digitally with one or two hands, 2/ two dice are thrown by a player, 3/ the 

number made by the dice is compared to the players’ announcements. Players with correct 

announcements, whatever the composition, get a point. At each new game and during the 

activity, the teacher presents the objective (knowing how to represent with fingers all 

decompositions of numbers lower than 12 with one, two or three players’ hands). 

Finding the tactile number 

This activity aims at simultaneously developing digital sensitivity and quantity 

decomposition. During daily 15-minute sessions, children have to work on number 

decomposition (from 3 to 8) the tactile way, by blindly touching pads of felt glued upon two 

cardboard sheets (e.g., 3 and 5 pads), enclosed in a box, and verbally returning the total 

quantity. In the first step of the game, children have to associate the pattern explored with a 

visual pattern to choose from two suggestions (analog match). When successful, they have to 

verbally identify and name the total number (in our example children should say 8). 
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Contrast Group 

The contrast group was “business as usual” so no specific instructions were given by the 

researcher. The teacher was simply informed that children’s progress would be measured in 

December and April for research purposes, without giving more details on the skills assessed. 

We suggested that she continued her usual class progression (for more details see school 

context section). The time allocated to composing and decomposing numerosities is about 30 

minutes a day either as a collective ritual (i.e, decompositions of the number of absentees) or 

by games offered in the form of stations of 2 to 4 players during which students learn to 

decompose from materials such as cubes or tokens. A post-search interview verified that for 

the contrast group, students were not subjected to a perceptual and motor training of fingers, 

to the “announcement game” or to the activity named “finding the tactile number”. 

Results 

Data Analysis 

Although all tasks were presented in a verbal and an arithmetic form, treating this distinction 

as a factor in the analyses, to be crossed with the (invoked, unbalanced) finger use factor 

would have led to a heavily unbalanced design with empty cells. Moreover, correct responses 

counts on a limited 5-item scale are unlikely to be correctly modeled as a Gaussian 

distribution with within-groups equal variances. For these reasons, a pooled performance 

score, calculated across all verbal and arithmetic items, was used in the analyses below. 

Because data consisted of repeated measurements, mixed-effect models, treating the subject 

factor as random, were used throughout the analyses, using the lme4 (Bates et al., 2015) and 

R2STATS R packages (XX, 2014), in a model comparison approach. A more traditional 

approach (e.g. ANOVA and post-hoc tests) was not feasible here because of an unbalanced 

design (a commonly encountered situation in clinical studies with invoked independent 

variables). 
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This is one of the reasons why the mixed approach has gained popularity in the last decade 

(Magezi, 2015) for the analysis of repeated measurements. While ANOVA inference, based 

on F tests, requires balanced designs, linear mixed effects, in a model comparison approach 

based on Residual Maximum Likelihood (REML), can manage more complex (unbalanced, 

nested, with missing values) designs in a flexible way (Baayen, Davidson & Bates, 2008). 

A second advantage of this method is that specific structural hypotheses on cell means may be 

straightforwardly tested through the comparison of a sequence of nested models. In the 

present context, because a different evolution of performance is expected in both groups (i.e., 

a significant interaction term), an analysis (and a model) of this interaction is anticipated. As 

is well known, main effects are meaningless in linear models, as soon as an interaction term is 

present, and should not be interpreted (a principle sometimes referred to as the “marginality 

principle”, Nelder, 1977). Specifically, it is expected in this study that: i) There should be no 

between-group difference at pre-test, ii) progress will occur only in the experimental group. 

Both hypotheses, as a whole, can be formulated as a specific mean model, to be tested against 

alternative models. 

This approach, by comparing nested models, has the additional benefit of circumventing the 

problem of correcting the decision level for multiple post-hoc tests and the associated 

inflation of type I error (Cribbie & Keselman, 2003). 

Finally, the Bayesian Information Criterion (BIC) was used as the main decision statistic for 

comparing models (Schwarz, 1977). This is also a nice side effect of a model comparison 

approach that, using Bayesian inference, expected null hypotheses can be positively asserted 

in the final conclusions (Raftery, 1995), which is of course not possible in the standard p-

value approach (Wagenmaker, 2007). 

 

Model Comparisons 
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Although finger use is an invoked rather than provoked variable in the current design, we 

wanted to check that the previous result of a positive link between finger use and arithmetic 

performance was replicated by our data. A preliminary one-sided t-test comparing 

performances across both groups of finger users and non-users was performed. 

Because we were interested in measuring the impact of the training session on both finger use 

frequency and arithmetic performance, the following sequence of four nested models, 

defining a decreasing sequence of constraints over the GROUP variable (Contrast vs. Trained) 

and the PHASE (Pre-training vs. Post-training) variables, was fitted to both dependent 

variables: 

1. A null model (M0) of no effect at all. This trivial model was used as a reference point 

for all comparisons, 

2. A model (M1) assuming a post-test difference between both groups, but constraining 

pre-test means to equality (hypothesizing the equivalence between both groups before 

the session), but also ii) equal pre and post-test means among the control subjects (no-

change expected within the control group), 

3. A model (M2) analogous to the previous one, but relaxing the constraint of no change 

within the contrast group. 

4. A model (M3) assuming all effects (i.e., relaxing the last constraint of equality of pre-

test means). 

A preliminary t-test comparing both groups of finger spontaneous users (n=12) vs. non-users 

(n=24) provided evidence of better performance in the arithmetic task for finger users (N=36, 

t(34)=5.378, p<0.001). Homogeneity of variance and normality were acceptable on these data 

(Levene F(23,11)=0.8086, p<0,64 ; Shapiro-Wilk’s W=0.968, p<0.37). 

Summary statistics of arithmetic performance and finger use, for both experimental groups 

and phases are reported in Table 1. Additionally, although these factors were not included in 
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the final analysis for reasons explained above, we noted that during the posttest 85% of 

students for the training group used their fingers for arithmetic and verbal items and the 

remaining 15% used their fingers once either for the arithmetic items, or for verbal items. For 

the control group, it is observed during the posttest that 25% used the fingers for both types of 

tasks, 19% of them used their fingers in only one of the two tasks and 56% never used them.  

Comparisons of all four target models on finger use (using binomial mixed-effect models) and 

on arithmetic scores (using Gaussian mixed-effect models) are summarized in Table 2 and 3.  

[insert table 1] 

[insert table 2] 

[insert table 3] 

Based on the BIC statistic, the most constrained model (MI) is retained as the best model, on 

both dependent variables (Figure 1), i.e. a model assuming i) no change within the contrast 

group, and ii) a joint increase in performance and finger use within the trained group. 

Interestingly, we note that a decision based on the more traditional likelihood ratio statistic 

would have led to the very same conclusion: a model assuming no change within the contrast 

group, and a joint increase in performance and finger use within the trained group is retained 

as the best model. Because the only difference between both groups is a specific training 

promoting finger use, this analysis bears some evidence that finger use leads to better results 

in arithmetic proficiency. 

In the Gaussian case (arithmetic scores), homogeneity of variance and normality hypotheses 

are both acceptable within the best model (Levene F(1,70)=0.1797, p<0.59 ; Shapiro-Wilk’s 

W=0.974, p<0.134). 

 

 

Discussion 
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The purpose of this study was to better understand how to promote numeracy and to 

demonstrate the influential and beneficial role of fingers in developing numerical skills in 

school settings for children aged 5 to 6 years. Our main objective was to evaluate the 

effectiveness of a 10-week instruction program in last year of kindergarten in France that 

combines sensitivity and motility training of fingers and explicit instruction during 

pedagogical workshop to use fingers to represent and explore numerical representations 

(Dupont-Boime & Thevenot, 2018; Gracia-Bafalluy & Noël, 2008; Jordan & Levine, 2009; 

Lafay, et al., 2013). Implementing the instructional programs in the children’s normal 

learning setting was intentional and thought to strengthen the link between innovative 

research and typical teaching activities. It is rare for teachers to implement intervention 

research directly, even though two meta-analyses (Ehri, et al., 2001; Piasta & Wagner, 2010) 

have shown that, in the literacy domain, teachers are as effective as researchers. Additionally, 

when researchers do the teaching, their involvement is typically limited to the duration of the 

research, whereas when teachers introduce new interventions, they are apt to internalize the 

educational goals within the research and continue using the program to benefit future pupils. 

Finally, concerning the field of numeracy, it has been found that supplemental interventions 

are more effective when they are aligned with what takes place in the classroom (Craddock, 

Hollenback Hamlett, & Schatschneider, 2008).  

As we supposed in our first hypothesis, French students who spontaneously use their 

fingers during the problem solving tasks proposed at the beginning of the study to measure 

children's initial skills are also those who will perform the best in problem solving. This result 

confirms those obtained in Switzerland and the United States (Dupont-Boime & Thevenot, 

2018; Jordan et al., 2008). Studies previously established a relationship between finger gnosis 

and arithmetic performance (Marinthe, et al., 2001; Reeve & Humberstone, 2011) and 

between finger gnosis and enumeration skills (Gracia-Bafalluy & Noël, 2008; Lafay, et al., 
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2013). Although finger gnosis is a reliable predictor of certain numerical performances, it 

cannot be used by teachers in observation, evaluation or remediation situations. It therefore 

seemed necessary and relevant to study the predictive value of a behavioral indicator (i.e., the 

use of a finger during a problem-solving task). The positive relation observed between 

spontaneous finger use and arithmetical performance for pre-schoolers can be interpreted in 

light of the embodied hypothesis highlighting a strong relationship between the mental 

representations of fingers and the numerical skills. However, as already pointed out by Reeves 

and Humberstone (2011) who show a significant relationship between finger gnosia and 

single-digit addition problem solving abilities, this relationship is also characterized by 

significant individual differences at the same age. In our study, during the pretest and before 

the teaching session, only a third of the subjects used their fingers to solve problems. These 

individual differences could be explained by the amount of experiences that have benefited 

children in the school and family context (Bender & Beller, 2011, 2012; Jordan & Levine, 

2009) but also by differentiated working memory capacities (Dupont-Boime & Thevenot, 

2018). Finally, the functional motor component of finger counting mentioned as decisive by 

some researchers could also explain these differences between children if we consider the 

diversity in motor development (Asakawa & Sugimura, 2014; Butterworth, 1999, 2005; 

Penner-Wilger, n.d; Suggate, et al., 2017).  

In a second hypothesis, we assumed that an explicit teaching program aiming at 

developing sensitivity and motility of fingers and explicit instruction to use fingers to 

construct numerical representations would help pupils to spontaneously use their fingers and 

to perform optimally in mathematical problem requiring calculation. The motor training and 

the explicit instruction of finger use both resulted in improved mathematical performance and 

enhanced finger counting during post-test comparing to a “business as usual” control group 

for which learning has been mainly designed from the manipulation of objects. This is an 
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interesting result as, to our knowledge; no such teaching program has been studied previously, 

in particular in an ecological school context. Results obtained by Gracia-Bafually and Noël 

(2008) after a session of motor manual training was close but the impact was measured on 

enumeration and this study presents some statistical weaknesses (Fischer, 2010). Our results 

also question the difference between body movements and object manipulation to support 

arithmetical skills. In a meta-analysis dedicated to the efficacy of teaching with concrete 

manipulatives, Carbonneau, Marley, and Selig (2013) report that children under 7 years old 

found little benefits from using manipulatives. Authors explain that, from a developmental 

approach, “younger children may struggle with the concept that an object can stand for the 

item while simultaneously representing a larger mathematical concept” (Carbonneau, et al., 

2013; p.394). Fingers are not objects like others, on the one hand, because their mobilization 

contributes to an embodied cognition of numbers and of transformations on them even in 

adulthood (Andres, et al., 2012) and, on the other hand, because their matching with a wide 

variety of everyday objects of the child facilitates the abstraction of the notion of number, that 

is to say the transition from "number of" to "number". 

If the statistical analysis carried out allows affirming that globally, the teaching of the 

finger use (fine manual motor skills, finger montring and finger counting) is beneficial for the 

arithmetic performances, the question of the individual differences with this type of training 

can arise. Did all the students in the finger training group benefit from the experiment? While 

85% of trained students were counted in the statistical study as having used the fingers at least 

once in each type of item (i.e., word or arithmetical problem), a qualitative analysis of the 

data shows that the remaining 15% used their fingers once either for the arithmetic items, or 

for verbal items. This result shows that the training was successful in using fingers for all 

students in the experimental group. Comparatively, for students in the contrast group, 56% of 
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students never use their fingers during the posttest, whether items are presented in arithmetic 

or verbal form. 

It is worth noting that, for the finger training group, the finger use frequencies 

dramatically increase (from .30 to .85) during an arithmetical tasks while our training program 

was not a finger counting training per se. This result highlights the decisive role of a 

functional motor component of finger use mentioned by some researchers (Asakawa & 

Sugimura, 2014; Butterworth, 1999, 2005; Penner-Wilger, n.d; Suggate, et al., 2017). 

Provided that the child does not have a motor disorder, our study suggests that manual motor 

skills are sensitive to learning in school context and is not determined simply by maturation as 

thought Gesell in 1947. Some studies have shown that environment and cultural attitudes, by 

orienting the opportunities for actions offered to the child to exercise, impact motor 

development (Bril, 1986; Suggate, Stoeger, & Pufke, 2016; Harkness, 1986). Thus, 

considering school as "a field of promoted action" (Reed & Bril, 1996) to develop manual 

motor skills could create a virtuous circle because children with better fine motor skills might 

better interact with their environment, which in turn bolsters their fine-motor skills (Iverson, 

2010; Suggate, et al., 2017). It seems to us that the curriculum and educational practitioners 

could give a greater share to manual motor skills, especially in the pre-school period by 

integrating this component into the assessment and remediation of students with difficulties in 

mathematics. Finally, our results suggest that embodied cognition could support learning in 

mathematics provided that the learning context allows it, that is to say that opportunities for 

action are offered to young children to explore the use of fingers in mathematical situations 

and exercise their fine motor skills to make their hands functional tools to represent reality. 

Limitations 

If in the short term, an explicit instruction on finger use proved beneficial, a longitudinal 

study would have made it possible to verify that it is not in the long term an obstacle towards 
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access to the most economical and optimal strategies. Furthermore, the proposed training 

involved heterogeneous skills (i.e., perceptual and motor representations of hands and fingers 

and the composition and decomposition of numbers using the fingers) which does not make it 

possible to precisely identify the factors which explain its efficiency. Additional training 

studies will be needed to clarify the involvement of each skill being trained. 

Given the likely impact of motor skills and the diversity of motor development rhythms, 

an initial control of manual motor skills, dexterity and motor coordination would have 

provided valuable insight to understand the inter-individual differences before and after the 

learning session, a study in progress investigates the relationship between the quality of the 

initial motor skills and the benefit of a training program. 

Finally, while we chose to implement the finger training program by the teacher rather 

than the researcher, we recognize that measuring the fidelity of the teacher’s implementation 

is difficult. Filmed sessions would probably have measured this fidelity; however, we did not 

make this choice considering that filming sessions could have disrupted the ecology of 

teaching and learning.  

Conclusions 

The present study has shown that the use of fingers to build numerical representations 

can be taught effectively and that this teaching translates into a meaningful improved ability 

to solve verbal and arithmetic problems in children aged 5 to 6 years. Training fine motor 

skills and an explicit teaching of finger use to compose and decompose numbers constituted 

this 10 week teacher-implemented intervention. This intervention which provides students 

benefits in a relatively short time period should be extended to larger samples and with 

particular attention to learning outcomes obtained from at-risk students. 
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Table 1 

Scores (means and standard deviations) and finger use (frequencies) in pre and post tests 

  Pre-test Post-test 

Teaching 

condition 

Counts Arithmetic 

scores  

Finger Use Arithmetic 

scores  

Finger 

Use 

Finger training 

group 

N=20 4.1500 

(2.56) 

0.300 8.6500 

(1.93) 

0.85 

Traditional 

instruction group  

N=16 4.3125 

(2.89) 

0.375 5.3125 

(2.87) 

0.25 
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Table 2  

 

Model comparisons for the finger use variable 

 

Model Df AIC BIC Log-

likelihood 

Deviance Chi-

square 

Df. p 

M0 3 373.39 380.22 -183.70 367.39    

M1 4 332.27 341.38 -162.14 324.27 43.1171 1 0.0000 

M2 5 330.65 342.04 -160.33  320.65  3.6220 1 0.0570 

M3 6 332.61 346.27 -160.31 320.61 0.0381 1 0.8453 
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Table 3  

 

Model comparisons for the arithmetic score variable 

 

 

Model Df AIC BIC Log-

likelihood 

Deviance Chi-

square 

Df. p 

M0 2 103.268 107.822 -49.634 99.268    

M1 3 86.110 92.940 -40.055 80.110  19.1582 1 0.0000 

M2 4 87.601 96.708 -39.801 79.601 0.5090 1 0.4756 

M3 5 89.370 100.753 -39.685 79.370 0.2313 1 0.6306 
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Figure 1 

Evolution of finger use and arithmetic performance 

 

 

 

 

 

 

 

 


